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For tliirty-one years, the American 
Chemical Society ''Committee on Ana- 
lytical Reagents’’ has served the chem- 
ical profession well. Its specifications 
governing reagents "suitable for careful 
analytical work” are the universally ac- 
cepted standards by which lahoialory 
chemicals are judged. The mark 
"A. C. S.” on a reagent is symbolic of 
highest chemical quality and uniformity. 


Since the first A, C, S. specification was 
written, Baker & Adamson has made 
these impartial standards of the chemical 
ptofession its guide in r(‘ag(‘nl inanufac- 
tuie . . . recognizing that rigid ad heretic (i 
to pred(‘termiued specifications is llie 
essence of uniformity so uect'ssary in 
reagents. 

And, where A. C, S. specifications do 
not exist, B&A has established its own 


equally strict standards of purity —I bus 
continuing its ])oIicy, liorn 67 years ago, 
to liring America’s chemists llui finest in 
juhoratoiy chemicals. In sitcli a way, 
B&A (‘ontimu's to s(‘rv(* . , . and to set the 
])a(‘e in chemical puiily. 

Tlie high legard in which chcmislB 
liold reugmils hearing the B&A "Shield 
of Quality” is more than a point of piide; 
it ib a lesponsihility always to lie upheld. 



Baker jy Adamson 

GENERAL CHEMICAL DIVISION 

ALLIED CHEMICAL & DYE CORPORATION 

rector street, new YORK 6 , N. Y.™ — - 

Offices: Albany^ • Atlanta • Baltimore • Birmingham'^ • Boston'^' • Bridgeport* ♦ Buffalo'^ * Charlocte* 
Chicago* ♦ Cleveland* • Denver* • Decroit* • Houston* * Kansas City • Los Angeles* * Minneapolis 
New York* ♦ Philadelphia* • Pittsburgh* • Portland (Ore.) • Providence* • Sc. Louis* • San Prancisco* 
Seattle • Wenatchee (Wash.) • Yakima (Wash.) 

In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis, 

In Canada: The Nichols Chemical Company, Limited • Montreal* * Toronto* • Vancouver* 

SETTING THE PACE IN CHEMICAL PURITY SINCE 1882 

* Complete Stocks are carried here. 



PEARLS OF WISDOM ON A COUNTRY ROAD! 


T hat lltde sign, which appears on the side of an 
obscure countzy road, should be blazoned across the 
desk of every man whose business career is still ahead 
of him. 

Its moial is plain. What you do today detei mines what 
you will be tomorrow. Consciously oi not, every man 
chooses his own path. 

This very day, the choice between success and failure 
stands staikly be foie you. 

Success doesn’t '^'just happen.” It is rarely a product 
of chance or circumstance, never achieved by wishful 
thinking. 

Success in business is planned. It is the result of a 
positive program of action. 

How The Institute Can Help 

The Alexander Hamilton Institute can help you speed up 
your progress in business. It can supply systematic guid- 
ance, inspiration and a thorough training in the funda- 
mental principles of business. 

But the Institute works no miracles. It can do nothing 
for men who lack ambition and determination; it cannot 
open magic portals for those who seek quick and easy 
success. 


W ijM \ Send for "FORGING AHEAD IN BUSINESS'^ 

W \ Institute’s executive-training program is 

U 1^^ \ fuJly described in a stimulating 64-page book- 

U \ let — "Forging Ahead m Business ” There is no 

\ charge for the book because, frankly, it is worth 
\ what you make it woitli. Some men glance 

through it and toss it aside. Othens have found 
I Pk [M r a ioltune in its pages. 

If you are interested enough in youi business 
future to devote one hour to the study of a plan 
that has meant rapid progress to thousands of men, send lor 
"Forging Ahead in Business” today. Fill out and return the coupon 
below; youi complimentary copy will be mailed to you promptly. 

ALEXANDER HAMILTON INSTITUTE 

Dept. 656, 71 West 23rd Street, New York 10, N, Y. 

In Canada: 54 Wellington Street, West, Toronto 1, Ont. 


ALEXANDER HAMILTON INSTITUTE 

Dept, 656, 71 West 23rd Street, New York 10, N. Y. 

In Canada: 54 Wellington Street, West, Toronto 1, Ont 

Please mail me, without cost, a copy of the 64-pagc book — 
"FORGING AHEAD IN BUSINESS ” 


Firm Name. 


SRs;!!: 


Business Address . 


Position 
Home Address 
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HUP 
THE WORLD’S 
DiGOeST SYS 
PULL DOWN 
we STARS 


The 200-inch mirror of the giant telescope at 
Palomar is coated with a micro-thin film of 
aluminum applied under low absolute pres- 
sure produced by Kinney High Vacuum 
Pumps. This reflective surface of tremendous 
light-gathering power, vastly superior to ordi- 
nary silver coatings, will permit scientists lo 
probe the outermost fringes of the universe. 

The everyday work of Kinney High Vacuum 
Pumps, while less spectacular, is producing 



Kinney Single Stage PumpS^ 
are avoilobie in 8 sizes with 
displacements from 13 to 702 
cu. ft. per min. Will test to 
low absolute pressures of 10 
microns or better. 




many new products of headline importance. 
Kinney Pumps are ^^standard practice'' in ex- 
hausting lamps and tubes, producing drugs, 
sintering metals, coating lenses, dehydrating 
foods and performing countless other low 
pressure operations. These pumps are de- 
pendable — and economical — in any range 
of vacuum, high or low, down to 0.5 micron. 

Write tor your copy of illustrated Bulletin 
V-45 describing the full line of Kinney High 
Vacuum Pumps. 



Kinney Compound Pumps are 
available In 2 sizes with dis- 
placements of 15 and 46 cu. 
ft. per min. They test to low 
absolute pressures of 0.5 mi- 
cron or better. 


KINNEY MANUFACTURING COMPANY 

3583 WASHINGTON ST., BOSTON 30, MASS. 

New York Chicago • Cleveland • Phlladelphio • Los Angeles ♦ San Francisco 

FORBIGN REPRESENTATIVES 

GENERAL ENGINEERING CO. (RADCIIFFE) LTD., Station Works, Bury Road, Radcliffe, Lancashire. Enalond 
HORROCKS, ROXBURGH PTY., LTD., /Melbourne, C.l. Australia 
W. S. THOMAS & TAYLOR PTY., LTD., Johannesburg, Union of South Africa 
KpVELECTRlC, LTD , Zurich, Switzerland 




Sirs: 

TVo puhsa^es from your iuU‘r(‘sliii^ No- 
vouilior issm; aro illusii aliv(‘ of somoiliiiig 
or olluu. 

“No luolo<j!,i(*al (niiK‘i[)l(* is iliaii 

llial (‘V(M y living llnno; Iroui man willi 
liis rajiaojotisly (‘Xjuindin^ (‘onirol oviu 
tli(‘ ('uvji ommuil, lo llu^ jialiiou. insiursildo 
.sJiuio mold^ djv(‘.s in liarniouious adjusi- 
luaul lo i}h‘ oondilioji.s ol jls From 

“(riillivm’ Was a I)a<l flioIo^ml.“ hy Flor- 
ence Moou;, pa[i,e 55 . 

“The human brain may I)c as far alonj^ 
on Us road Lo desUuclivc special i/alion as 
llu^ j»i(‘al nos(‘ hot ns ol llu^ last ol the- 
lilanolberes.” From “dyln'metics,” by 
Norbcrl Wiener. paf;(‘ JB. 


G, E. GATES 


Uiolo‘j;y l)e[iai’tm(ml 
fadby (adle^e 
Watm'ville, (Vic. 


Sire: 

Some 1 (‘marks in a l(Ml(‘r by Mary van 
I<.l(;e(‘.k, ])ublish(‘d in lbt‘. Novi'mlxa issue 


LIIn'«*»y U) |Mr«(‘ivc id iho now 

htn-N'uvii AwnucAN umy lio oIiIjuumI by wrlliUK 
SdiN'mit Ammikan, 24 Wt'Ml 4 ()ili Sorol, New 
Yt)ik III, N V. Kuch bjinlcc, covt'iiMl wab 

Fjjbnlfctjn), will liobl J2 jHritM'H of iho 
.Sni.Ts'Oi’K AMruuAN, I’lu'o '^li.50. 


SrUMOUir Amoi’U’un, JuuiHoy I'MU; Vo(. 1(10, No. 
I, eubliHlo'd uiotilhly l*v hj’inailK! AirjofJmui, 
liio,, Soionlilu' American Ittublini;!:, 24 Wi-ht 40th 
Nrw York 111, N, Y.; (b-uod Pud, pH'Hidrni; 
UiutiiH FIuniiKiin, vino iio'hulctuj Donald U 
Jj., VM'i* jiirunlrni and UnaHUUM' lailou'd m the 
iN«*w Yolk, N. Y Ibmt Ollifc UH »o‘< oinl.( boiH luiOhr 
Iiini' 20, 1070, undoi mS ol Wandi ,{, il{7y, Addt- 
ijonal uuoy al (Uofimjch, Conn. 

InHlovinl forroHiKUuIctieo •ihinild hr addroa«t‘<l lo: 
Tho hdUoi'H, Sm.N'init. Amcukan, 24 Wi'hl 40lh 
SiK’ol, Now Yoik Ul, N. Y .VlaniHcMjjH an* Hiib* 
imittol ut ilu‘ uuihm’H riak and avUI not bo rrtnriicdl 
unJoHH unooinlianjcd by poHiaKo. 

AiIvorilHinfj: ^‘oii'rosiiotulniioo Nhonbl bn uddioaHud 
lo eimtlos K, Kumt, Ailvri Mini’i Uirncior, SnuN* 
nm; Aaiiuik.AN, 24 Whn(, 40ib Slrcoi, Now Yink 10, 
N. Y. 

SimaeriiOlon < orr-<*gi»oitMloiic« stioiild bn ml- 
droHHod (0 T, J. Dunny, (bmulaiinn Dirnotor, JisoiKN- 
wic Amkiuian, 24 WotjL doth SIkhu, N<?w Ynik 1(1, 
N. Y 

Cliniti^o o£ aildroflBt PkftHO notify na alx works in 
lulvanot! i)f (duinRo, If avuiJnlib*, kindly funush mi 
mldross impnnl finin a rrernt iBsuo. Ibi HUjr to gWo 
both old ttnd now addresHca, Indudlnij posutl .tone 
mimliorH, if uny. 

Subsetipilon rales for XJ.S.A. mid possoaslonat I 
year, $5; 2 years, 3 yeaia, 112.50. Canada ond 
brttin America; 1 year, $0; 2 yeais, $10; 3 years, 
514. AU other counUlos; 1 yeai, SO; 2 yeora, $12; 
Z yeatft, $ld. 





LETTERS 


BUSINESS IN MOTION 


of Scienlifir Aweiiran, cannot pass with- 
out cfuestion or challenge. One of the cu- 
rious aspects of some thinking is a stiib- 
J)orn imwilJingness to face facts when the 
facts iiin against the giain of emotional 
life 

T H Mallhus was one of the most im- 
poitant and influential writers who evei 
lived, A centuiy ago, the mere leading of 
Ills hook illuminated the thinking of both 
Darwin and Wallace, and today those who 
face the facts of poverty and hunger 
among thiee fouUhs of the people of the 
world know that Mallhus was precisely 
light in pointing out that population lends 
to inciease in geometrical ratio, while the 
])ioductivity of the soil and even of the 
s(‘a cannot possibly exhibit any such 
tendency. 

There are three main reasons why the 
United States could afford to send food 
ahioad in the past few years. 

1. There are 15 million fewer horses 
and mules on farms than there were a 
genei alien ago. The land that once had to 
[)ioduce corn, oats, and hay foi these ani- 
mals — and the other millions wliich still 
swarmed in city streets — would pioduce 
einnigli food for human consumption to 
lake caie of our own population incieasc 
in tliat time. 

^2 The weather has been highly favoi- 
al)le for the past several years In the had 
yeais of 1933-1935 our aveiage coin pio- 
d action was 22,7 bushels to the acre. In 
(he good years of 1941-1945 this jumped 
to 32.7 bushels, a gain of 44.7 per cent 

3. We have hybrid coin. This may add 
about one-sixth to our annual productivity 
of this all-imporlanl crop. 

It is feivenlly to he hoped that Homo 
sapiens will have gumption enough to cut 
Ills reproduction rate to fit his food sup- 
})ly. Theic is mighty little evidence that 
moie than a ti ifiing minority of the earth's 
billions have that much sense. Even after 
the hoirible slaughtcis of wai there are 
nioie people in Em ope than theie weie 
10 years ago. The facts seem to indicate 
that Malthas was right. Hence the post- 
war levival of interest in his thesis and of 
alaim that his piedictions are visibly com- 
ing Hue. 

Your correspondent must also be re- 
minded that science has prolonged the 
(‘xpecLancy of life. It is highly probable 
that what medical science has done to 
emb pestilence and save children fiom 
early death has moie than balanced the 
gains in food production due to all the 
other sciences. 


ELBERT H. CLARK 

Hiram College 
Hiram^ Ohio 












This is the story of a briefcase with a 
new combination lock In fact, it is the 
story of a growing line of leather goods 
bearing the lock The people who carry 
that luggage probably are conscious of 
nothing except that it looks very well 
indeed, and that the combination lock is 
new m design, easy to operate, and en- 
tirely reliable. What more should they 
ask? 

But there is an inside story that they 
would never dream of They would never 
think that there is any connection be- 
tween a compact car- 
ried by the ladies, 
and a lock on a brief- 
case carried by the 
men. But there actu- 
ally is. You see, the 
leather goods com- 
pany wanted that lock 
to be as near perfect 
as possible. Like any- 
body with a new idea, 
it was fussy about 
reaching for perfection So it went to a 
manufacturing jeweler to have the lock 
made. The idea was that such a company 
certainly could make the lock with the 
necessary beauty, precision and economy. 
It was an excellent idea, though some- 
what unorthodox from the viewpoint of 
those who think only in terms of what 
IS called ‘‘normal channels of trade.^* It 
is a pleasure to report that the asso- 
ciation has proved to be extremely suc- 
cessful. 

Revere entered this picture because 


the jewelry maker is an old customer for 
some of Revere’s finest metals Specifi- 
cations for the lock included the use of 
solid brass for both exposed and operat- 
ing parts for which beauty, reliability and 
corrosion-resistance are required. Die 
castings and also steel are used in their 
appropriate places, thus again demon- 
strating that there is no one metal suit- 
able for every use, but that each metal 
has its proper field Incidentally, solid 
brass is not only used in the lock, but 
also in the handle posts 

This case of the 
combination lock in- 
terests Revere not 
only because it uses 
Revere brass for qual- 
ity, but because it 
represents a lot of 
imagination in select- 
ing a fabricator. If 
a jewelry firm can 
make locks, perhaps 
a coppersmith could 
make earrings, and diversification would 
add to the security and profits of both 
Imagination is a precious thing. Some 
people consider it the most important 
factor in business. Revere thinks it has 
some imagination, as have all good sup- 
pliers to business. Whatever it is you 
make, Revere suggests you ask your 
suppliers to do a little thinking with you 
and for you After all, every bill you pay, 
as well as every one you send out, in- 
cludes an inevitable charge for brains, 
know-how, imagination. 



REVERE COPPER and BRASS INCORPORATED 

Founded by Paul Pevere in 1301 

☆ ☆ 

Executive Offices: 

230 Park Avenue, New York 17, N. Y. 




J ANUARY im. Becqiieiel lum 
amioimced to tlie Academy of Sci- 
ences a1 Palis the cliscoveiy of a new 
supposedly clemtMiUiry suh^lanci' which 
has a close affinily to barium. The coric- 
spondenl who caliles th(‘ news stales that 
its discoveieis M. P. Ciuic, Mine. P. Cuiie 
and M. G. Beniont have nann‘d it Va- 
dium; ” 

‘‘As a lesiilt of the investioalions of 
Prof. Biichnei, of Tiibingen, another ol the 
fetiches of old chemislry is destioyed. 
namely, that hvin«: cells are necessaiy to 
feunentation Prof. Biiohnei oiinds yeast 
witli (|iKulz sand in older to disrupt iJie 
cells, and sulunils the moist mass to a 
pressure of 500 atmos(>]ieres. The liquid 
conlent of (lie cells is i<*riiov<*(l and the 
cells totally disrupted. The lillef(‘(l li<find 
lb of a clear, or slijrhily o])aleseejU, yellow- 
ish color, retains the odor of yeast, eou- 
lains considerable (uirlion dioxidi* and 
some albumen. Most inlereslin^ is the lie- 
havior of yeast juice lowaid sugais, fer- 
mentation beino; set up much inoie quickly 
than by yeast, and proceeding much fast- 
er The gas evolved is almost pure carbon 
dioxide. When carefully dried at low tem- 
perature, the feimenting principle is not 
destioyed, and it is possible that, when 
desiccated, the activity of the ferments 
may be prcseived indcfinilcly.” 

“The expedition which was sent out by 
the Swedish gnveinmenl in search of 
Andree, the Arctic explorer who attempted 
to reach the North Pole in a balloon, has 
retiiined fiom Northern Silieiia, wlieie 
months were spent in fruitless efloii.s to 
learn the fate of Andree and his two fellow 
voyagers.” 

“As is well known, Napoleon Bonapaite 
died of carcinoma of the stomach, at the 
age of fifty-two, his fathei having pie- 
viously died, at thirty-eight, of the same 
disease. When Napoleon was hoiii his 
mother was very young, between sixteen 
and twenty In commenting on these facts, 
Mr. Hutchinson states that cancer is inoie 
common in the children of aged parents 
than of young ones, and suggests that the 
outbreak of cancer in Napoleon was prob- 
ably due to inheritance.” 

“A highly interesting theory has be^ 
proposed by Prof. B. Grassi, oti the con-, 
nectlon between mosquitoes and malaria* 
The theory that these insects dissenciinat6 


id iiiii 100 nm iiiio 


(he gcims of mahuia by then punctures 
Ncems to have liccn fnsi hi ought into uo- 
lico by Laveran; hut Di Guc-si loi along 
(inu* had doubts on the ‘-uhjeet, <Mvmg to 
the alisenci' n( malaria fnuii cm lain dis- 
Iricls when’ inos<|uitocs ahouud. A caiclul 
classdicalion of jIh' various speeii's ol gnat 
found in diflcrciU di^liicts iuis now li‘d 
him to the conclusion lluil, while certain 
kinds aic not (‘onflnctl to iiuilaiious le- 
gions, the disliihulion of othms coimddi’s 
v(‘ry ch)s(*ly with lh(‘ disirihulioii of the 
disi'ase. The common Guh‘x jiiiiieiis is to 
he icgarded as ])cilcclly iiinoeuoiis. On 
I lie olhei hand, a large species ( Anoplndes 
daviger, Fahr. ) is cousUiiUly found asso- 
cialetl With malaria. Thcsi' fa(*ls open up 
new hopes that it may be possihh* to stamp 
out malaria by taking proper steps foi the 
desliuetion of mosquito lavvai* in disirie,ts 
wli(*ri‘ dangeious sjiei'h's ahound.’' 

“Frol. Koeiilgmi, tin* <Iiscove)er of llie 
X-rays, luis h<»en ciilh‘d to the Oliaii ol 
Physics at the Uiiivt*rsiiy of l.eip/ag Iroiu 
the llniv<’isiiy of Wurzhurg,” 

J ANGARY 1849. “The Calilornia gold 
exeitcunent is as strong in our (‘ity as 
ever. In one day last week ten vessels 
sailed from this jiort. Throughout all the 
Slates, the aceounls ihul naieh us eonluin 
evidences of the gohl fever raging in al- 
most eveiy hamlet. It is cahmlaUul that no 
less than 150,000 emigrants will lie on 
iheii way to California from the Slates in 
two months,” 

“Morse's T(degraj)li line to Pliihuh’lpliia 
is now in operation, from I lie oIThu^ in 
Hanover street, New York, direet to Phila- 
delphia.” 

“The British Government arc‘ going to 
lay telegraph wiies acioss tin* Irish Chan- 
nel, fiom Wales. This is certainly a great 
undei taking for the wires have to lie laid 
in pipes in the bed of the sea, a distance 
of 60 miles.” 

“Light travels with the amazing velocity 
of 192,000 mih‘s in a second of lime. It 
may he interesting to know how phii().s()- 
phers have been able to determine, with 
such certainty, that light really tiavels 
with the amazing velocity; for the fact 
known as certainly as any phenomenon in 
nature. The method adopted was the fol- 
lowing: — The eclipses of the satellites or 
moons of the planet Jupiter had been care- 
, fully observed for some time, and a rule 
Was olitained, which foretold the instants, 


ju all luluie turn', when the salollilc^ 
would glid(‘ into the sliadow of the planet, 
and (hsappeai, oi again to (‘inm'ge into 
vhuv. Now it was lound that these apficar 
ane<*s took pla<‘(‘ sixteen minutes and a 
hall sooiiei wh(*n ju[)itei was muir the 
earth, ot on (hi! same si(((‘ o( (lie sun with 
lli(‘ (uirth, lluiii wIkmi it was on tin* oiIkm’ 
sid(‘: that is to say, moK^ distant Irom the 
('Uitii liy one dianu'ter of (lie eurtirs oihit, 
ol path ill lhi‘ luaiveus wliiefi it lakes in 
uwolving lound the sun, and at all intm’- 
nu'diale stations, tlu* diflm emu' diminished 
Ironi llu’ sixl(‘en miiuiles and a half, in 
exact propoilion to the h‘ss distance horn 
the caitli. This pi ovi's, tlimi, that light 
lakixs sixteen minuti‘s and a hall to tiavid 
aeioss (lie (‘arlh's oihll, and (‘ight minuU's 
and a (|iiarl(‘r lor hall llial <lisUinc(‘, or to 
come to us Irom the sun." 

“M. Adolplu* Brongniarl e.onsidms 
eveiylliing to p^oV(^ on the one liand, llial 
(he dillerenl vegelahl(‘ m'milions wliieh 
have succeedeil eaidi oilier on llie glolx*, 
have hcu'onn* more and nion* perfect ; on 
the other hand that tin* <’limule ot the sur- 
fae<* ol th<^ <!a<lh is greatly modirn'd shici* 
tin* earlier limes of (In* m’eation of livinu' 
heiiigs up to the eomnuMKumienl of the 
pi (‘sent ejiodi,” 

“Capl. Jolin d'aggail, of (^iiarh^slown, is 
!)ui filing a machine to navigali^ llie an W(‘ 
liave seen a pie, line of llu^ lialloon, and a 
miniature of tlu‘ sails and the way lu* ere- 
alt's a new elemmil with lliem. Ihaisidenl 
FveuMl and llncadwi'll, ol llavvaid Col- 
l<^g(‘, and Mr. Pook, llie naval (umslimetoi , 
wt‘ understand luive expressed lavorahfi* 
ojunions of i1h‘ [noj(‘ei. Mr. Tagguil had 
IxMlei lake tin; advieii of Paul, hdiide liy 
the sliip; ” 

“One of tile subjiads nuumlly discnissi'd 
in Congress, is llial of a pi oposilion iluil 
the swamps of the Fvciglailes, sluill he 
ceded lo the Stale of Florida, on eondilion 
llial the Stale shall drain them, and in 
draining them, make a canal in whiidi ve.s- 
s(ds may save llm passage nuiml the Pmiin- 
Hida of Florida and the dangers eonaeeled 
witli it.” 

“On 'Christmas moming Iasi, Mr. 
Charles Ellett, Jr, the eoniracloi of llie 
Suspension Budge at Niagara Falls, to- 
gether with Mr. George Hamlin, drove 
across the bridge in a canter, and re- 
lumed at a trot. It would truly appear lo 
be a perilous feat, thus to drive across the 
apparently frail structure of iron wire sus- 
pended 230 feet above the boiling stream.” 



ihe Creeping] Sleeve 


Lead sheathing on telephone cable meets many stresses 
— the tng of its own weight, wind x>t’cssurc, contraction 
and expansion from cold and heat. Then, too, there’s 
the pressure of nitrogen gas put in Long Distance cable 
to warn of sheath breaks and keep out moisture. 

And, somclinics. lead is subject to ‘“creep”— a 
permanent stretching — even when the stress is but a 
fraction of the normal tensile strength. Creep is 
especially likely at the lead sleeves used where two 
lengths of cable are joined. The sleeve may stretch 
and break open exposing tclci^honc circuits to the 
elements. 

So Bell Laboratories scientists have dcvcloiied meth- 
ods lo lest and control creej). In a special testing room, 
weights are apj:>licd to scores of sainj^les of lead, under 
controlled conditions. Exact records of the amount of 
creep are obtained with a precision instrument. 

Years of careful study have produced a lead com- 
position which resists creep and yet has all the other 
prox^erties required of sleeves. This means better tele- 
phone service for you and hellos give that service at 
lowest possible cost. It is an example of the way Bell 
Telejihonc Laboratories scientists study and imiirove 
every X)art of the great telephone plant. 

BELL TELEPHONE LABORATORIES 

EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR CON- 
TINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE, 




Drape-shape steel gave this well-dressed knight a certain 
amount ot protection against stiay missiles . . . 

Yet he died, not in battle, bub in bed , . . felled by a 
deadly datt 1/10, 000th of an inch long— the tubercle 
bacillus. 

He and millions of others through the ages never 
knew what hit them. 

Today m know. Bui ignorance and indifference still 
account for most of the 50,000 people who are killed by 
tuberculosis each year. 

The germ that steel couldn’t stop certainly can’t be 
thwarted by a business suit or a mink coat. 

Modem science and medicine, however, can give you 


effective chest protection. A chest X-ray is a sure way 
to detect TBl 

If you are harboring TB germs, an X-iay can 
their destructive clTecis long before you feel sick. If 
proper treatment is started in the early stages, the cuie 
is comparatively easy. 

The later TB is found, the longer, harder, and costlier 
will be the cure. 

Remember, too, that TB is contagious. A person who 
has TB can spread it to other mombeis of his family. 
You can fed out whether or not you have TB by 
having your chest X-rayed. 

SO PLAY SAFE . , . 

. . GET AN X-RAV TODAY! 

Association or Health Deportment 






THE COVER 

Thlfe painting on the cover shows lab- 
oratoiy equipment used in studies 
of the iippei atmospheie {see page 
30] . The stiip of photographic papei 
on the bench is a recoid of ladio 
echoes obtained from the atmosphere 
with ladio set at the lowei left corner 
of picture The echoes measure the 
height of lonospheiic layers, meteors, 
auroias and other detectable electii- 
cal phenomena. The ball i oiling on 
the cuivcd tiack is a device used to 
pictuie ill meclianical teims the be- 
havioi of the ladio waves The small 
hills m the track represent layeis of 
resistance encoimteied by the waves 
as they pass thiough the atmospheie 
The drawing on the hlackboaid shows 
the section ol the atmospheie being 
studied, the green chalk line is a 
meteoi tiack The object hanging at 
the rigiu is a meteoi He. The equip- 
ment shown is in the laboraloiy ot 
John A Pierce al Harvaid Univeisity. 
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FOR QUICK STARTS- 

just pour Nor’ way Dry-Ex* in 
your gas tank for quick, smooth 
starts on coldest days* Dry-Ex 
drives water out of gas, prevents 
frozen fuel lines, eliminates 
motor spit and sputter! 
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ITS EASY 
AS IT LOOKS! 




SMOOTH 


SAILING! 


You’ll breeze through traffic 
without motor miss or sputter 
with Dry-Ex in your gas tank* 
Water and ice can’t clog fuel 
lines when Dry-Ex goes to work! 

ft 


Just pour a can of Diy-Ex 
in your tank before the next 
spell of freezing wcathei ! 

A touch on the stai ter, and 
you’re off even on cold, wet 
mornings, with Dry-Ex ! 



NO REASON ^ 
FOR FREEZIN’- 


y HAPPY 
\ / LANDINGS! 

You’ll get where you’re going, 
with Dry-Ex in your gas tank! 

No motor spit and sputter, 
no missing, no stalls from frozeiit 
' fuel lines, because Dry-Ex 
,\yater out of gasoline! ' , ' ■ 


Dry-Ex in your tank stops stalls 
from frozen fuel lines ! Dry-Ex 
literally wrings out your gas, 
lids it of water before ice gets 
chance to form 1 
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"High vacuum of 2 x 10-<5 milli- 
meters of mercury” is a scientific- 
sounding phrase, utterly meaningless 
to most people. Yet these same 
people are enjoying the benefits of 
high vacuum in scores of ways right 
in their own homes. 

Perhaps you may be reading this 
under a light that shines brighter 
because of high vacuum in bulb or 
fluorescent tube. Your radio plays 
sweeter because of higher vacuum 
in radio tubes. Without high 
vacuum you couldn’t have televi- 
sion; Better removal of air from the 
receiving tube means ^eater clarity, 
more faithful images on the televi- 
sion screen. ! ' 


The plastic ash tray at your elbow 
— many of the vitamins and miracu- 
lous pharmaceuticals in your medi- 
cine cabinet— the cosmetics on the 
dressing table—are among many 
products which have been — or can 
be— made better m quality, lower in 
cost because of distillation, dehy- 
dration or metallic evaporation under 
high vacuum. 

New ways of using high vacuum 


aie constantly being discovered in re- 
fining industries, in medical science, 
in metalluigy, in dehydiation, in food 
concentrates, in textiles, in atomic 
energy ! 

DPI can aid in research in setting 
up pilot operations and can advise 
on engineering and building com- 
plete installations for profitable com- 
mercial applications of high vacutun: 
We invite inquiry. 


Distillation Products, Inc. 

751 RIDGE ROAD WEST • ROCHESTER 13, Nf. Y. 
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CANCER AND ENVIRONMENT 


Scientific and technological progress have exposed man 
to new physical and chemical agents. Some are believed 
associated with the rise of cancer as a cause of death 




T he indiistiial era in its full expan- 
sion is baiely two geneiations old, 
yet dining that short period liteially 
thousands of entiiely new chemical and 
pliysical constituents have been added to 
the human enviionment. Few of these con- 
stituents have been exhaustively analyzed 
foi their long -1 ange toxic effects on man. 
Tliey aie now being studied, however, as 
possible contiibutois to the use of cancel. 

The growth in the relative importance 
of cancer as a cause of death is one of 
the outstanding medical facts of the past 
50 yeais. The disease has moved fiom 
eighth to second place in the U. S. since 
1900, and today only heart ailments sur- 
pass it The reasons customarily given for 
this lise — improved diagnosis and the 
aging of the population — do not entiiely 
explain it. They provide no satisfactoiy 
answer to the iact that approximately 
seven and a half per cent of the known 
cancel deaths in 1944 occurred in age 
groups under 40. There is evidence, more- 
over, that the disease is not an inevitable 
consequence of bodily degeneiation due to 
age, although the changes of senescence 
under certain conditions may be con- 
tributing factors. It seems certain that 
there is a net increase in true cancer 
deaths, if only because fewer people die 
from olhei diseases than in the past. 

An explanation of this increase and of 
the causes of the disease is therefore 
being sought m our environment, so much 
moie comp'lex than it was in 1900. The 
investigation is focused on carcinogenic 
agents, as the substances that produce 
cancer are called, and on the general 
question of the extent to which the in- 
crease in cancer may be caused by agents 
in the environment that have hitherto 


by Grofif Conklin 


been considered comparatively haimless. 

It has been established that ceitain 
agents to which people are exposed in in- 
dustrial occupations cause cancel if the 

# 

Alpha roys 
Beta ray? 

Gamma rays 
Ultrovjolet fay? 

X'foy? 



CARCINOGENS known to be pres- 
ent in litnnan environment are classi- 
fied. Less certain agents are in italics. 




exposure to them is sufficiently intense 
and piolonged. As an example, over 75 
per cent of the mineis in the Schneeberg 
cobalt-uranium mines of Germany die of 
lung cancer, mure than 50 per cent of 
those 111 the J oachimsthal uranium mines 
across the border in Czechoslovakia die 
of the same cause. In the 18th century it 
was learned that among chimney sweeps 
exposed to intense concentrations of soot, 
deaths from cancer weie between three 
and foul times as high as those in the gen- 
eral population. It IS known also that 
certain common substances in concen- 
tiated doses can produce cancer; for ex- 
ample, mouth cancers are uncommonly 
fiequent in a tribe m India which smokes 
cigars with the lighted end in the moutli. 
This causes them to suffer frequent burns 
and to receive a concentrated dosage of 
tobacco tars. 

Although these are special cases of 
intense exposure, they naturally .suggest 
speculation as to whether the average 
human being’s relatively mild but long- 
continued exposure to new substances in 
a contaminated atmosphere, in processed 
foods, in cosmetics and m other elements 
of our environment may be a contributory 
cause of cancer. We have as yet no con- 
clusive evidence for or against this possi- 
bility. We have no accuiate estimate of 
how many of the artificial substances 
common to our industrial civilization may 
be carcinogenic under special circum- 
stances, nor bow many seemingly harmless 
substances, interacting with others that 
appear to be equally innocuous, may pro- 
duce carcinogenic results. 

Theie are, of course, many theories 
about cancer’s causes: chronic internal 
irritations in the body, changes in cell 
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ORIGINAL SITES of malignant growths due to carcinogens in the en- 
vironment are scattered among almost all tfue organs of the body. Some 
agents, such as the aromatic amine dye intermediates, regularly affect the 
same organs even though tliey may use aiiy one of many rentes for attack. 
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metabolism, tissue degeneiation, viuises, 
and so on. Most ol these llieoides, how- 
evei, desciibe mecbanisins lallier than 
fast causes. Indeed, with two or tlirec ex- 
eeptioiih all ol them si'em to require the 
piesence of a tnggenng agmit. 

Possibly the most fimlfuJ cuiieiU tbeoiy 
IS the one that attnbutes cancel to muta- 
tions in body cells Cancel -causing muta- 
tions, it has been dernoiistiated by expel i- 
ments, may be produced by ultraviolet 
radiation, X-iays, ladioactive substances, 
and a numbci of chemicals. While more 
than 99 pei cent of all cancels aie still 
of unknown oiigm, ncaiiy all oi those 
foi which a pioved caus(‘ has been found 
arise as the lesult of exteuial agents 
These seem to mutate the cells into a slate 
which is, 01 can become, canc<‘i()us 

The methods by which these (‘xlenuil 
agents act upon the liotly vaiy (‘onsid- 
eiably, depending on the substanc(‘ in- 
volved. Some caicinogens may cause 
cancel diiectly. Examples ol these aie tai, 
the mineial oils and ceitain dye intei medi- 
ates known as aromatic amines. Tais gen- 
eially affect ihe skin, Mineial oils may 
cause cancel of the lungs ihiough inhala- 
tion. The aromatic amnuis, sliangely, eon- 
centuUe on tlu^ bladder, no mattm* wlial 
then loute of attack, Wheth(‘r llu'y entei 
ll)<‘ body lliroiigh tin* lespiraloiy system, 
tin* inonlli or th(‘ skin, th(*y gravltali* to 
the gmiito-ui inary system and then' build 
up a eonemili alion that (‘vimlually causes 
cancer. 

Olbei agents semn to caiis(‘ eanem* liy 
allei mg organs so that ibeoigan ilsell pro- 
duces a carcinogen, ic^sulting in a eanei'r 
The mechanism of this ti anslormation is 
little iindei stood. It is known tluil some 
radiations and certain metallic comjmunds 
including the chiomales, the arsenimils, 
mekei caibonyl and possibly aslxsstos, 
cause cancel m this 1 (datively roundabout 
way. 

R adioactive materials art* h^ss sjie- 
{‘ializcul in tbeii elleels, llu'y can 
pioducc a wide vaiiety of cancel s, d’luy 
may cause skin caueer by diri'el allatdv 
on the skin, and lung eanet*!* in peojile 
who inhale radioactive dust. When expo- 
sure IS intensive and piolonged, as in the 
case of the women who woiked in tin* radi- 
um watch and clock dial industiy some 
25 years ago, they produce Ixme eamiiu. 
And a slight but very prolonged exposure 
to penetrating radiation can lesull in 
leukemia, a canctir of the blood cells. The 
latter kind of cancer is often found among 
radiologists whose whole professional 
lives have been spent in ihcorcticalJy safe 
and wcll-proLected dealings with X-rays 
or radioactive materials. 

Most subtle of all carcinogens are 
those believed to cause general metabolic 
disturbances that pioduce cancers in a 
roundabout way. Thus the liver may pro- 
duce carcinogens that can cause it or some 
other tissue to turn malignant. Among the 
agents thought to have this effect are the 



azo d)c& and ceitain chloiinated aliphatic 
hydrocarljoiib But the mechanism in- 
volved lb so obscuie that the carcinogen- 
icity of these substances has not been com- 
pletely pioved 

One aspect of such indirect causation, 
howevei, is susceptible of proof. Among 
some Negio tribes woikmg in the gold 
mines of Aliica, an excessive incidence of 
cancel of the bladder has been traced to 
deficiencies in the workers’ diet It was 
found that most of the Negroes had lived 
foi yeais on a vitamin-deficient diet of pap 
and sour milk Only recently South Alri- 
can leseaich workers have succeeded in 
pioducmg cancer of the livei in rats fed 
just this diet. 

I N view of the lelative novelty of the con- 
cept of envii onmental cancer, and of 
the small amount of well-oiganized re- 
search in this field, it is not surprising that 
most of the known carcinogenic agents 
have been found m industry. Heie W(u*keis 
suffei exposures many times more con- 
centrated than the average citizen en- 
counters in a non-industrial environment 
Fully 90 pel cent of the known carcino- 
genic agents are mdustiial. and a similai 
piopoition of cancers of known cause 
aiises from caicinogens of industrial im- 
poitance. These known agents aie libled in 
the chart on page 11. 

The difficulties in the laige-scale study 
of caicinogenic agents aie foimidable 
The modern envii onment is so lamified 
that efforts to evaluate it in terms of lono- 
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range carcinogenicity may appeal neaily 
hopeless. Nevertheless, the techniques al- 
leady developed in the study of occupa- 
tional carcinogens may be of some value 
in analyzing the envii onment as a whole, 
even though more lefined methods may 
have to be developed if such a progiam is 
to be successful. 

The two principal methods now used to 
uncovei the more obvious occupational 
cancel hazards are animal experimenta- 
tion and statistical analysis. Cancers have 
been produced in experimental animals by 
most of the known physical and chemical 
carcinogens. Himdreds of other substances 
have been and are being tested Some that 
have been shown to be carcinogenic in 
animals have not as yet been proved dan- 
gerous to man, or else they do not toim a 
part of his noimal environment Among 
these substances are iirethan. ergot, sele- 
nium, and diethylene glycol. 

One aspect of the work on animals that 
13 important in considering human cancer 
is the phenomenon known as “‘species 
specificity.” Many carcinogens that cause 
cancer in some animal species have thus 
far proved harmless to others. Foi exam- 
ple, certain tars, when correctly applied, 
produce skin cancer m mice, rats, rabbits 
and dogs, but not in monkeys. Rats and 
mice get skin cancer from ultraviolet rays, 
but rabbits do not. The probability is that 
specialized metabolism is at the bottom of 
this species specificity for cancer. If such 


metabolic differences were completely un- 
derstood, human beings might be endowed 
with resistance to certain types of cancer 
by modifying the individual's metabolic 
processes. Such ideas are still beyond the 
realm of piactical application in man. In 
experimental animals, however, cancer 
susceptibility or resistance to ceitain ex- 
ternal carcinogens, such as several of the 
azo dyes, may be created at will by the 
omission or addition of certain vitamins in 
the diet 

Without animal experimentation, scien- 
tific proof of the carcinogenicity of various 
substances and radiations would be nearly 
impossible. On the other hand, laboratory 
experiments alone cannot piove definitely 
that such agents are dangerous to man 
Othei methods must be used, and the prin- 
cipal instruments so far available have 
been statistical studies and medical rec- 
ords. 

In laige, unselected population groups, 
variations in the incidence of one kind of 
cancer are usually not sufficiently marked 
to be significant. That is why environmen- 
tal carcinogens are usually difficult to de- 
tect. Up to half a centuiy ago, indeed, evi- 
dence of specific extimsic causations of 
cancel was discoveied largely by clinical 
observation. Physicians practicing in ur- 
ban or manuiactiuing areas began to 
notice a remarkably high incidence of cei- 
tain types oi cancel among workers in in- 
dividual trades. Such was the case in the 
diagnosis of cancer of the scrotum in 
chimney sweeps. Discoveries by diiect ob- 
seivation continue to be made, as in the 
case id radium and X-ray cancels that oc- 
cuiied with alarming frequency among 
people working with these agents in the 
not so distant past. 

B ut observation has its limitations. Un- 
less very careful medical records are 
kept, or unless woikers remain in a car- 
cinogenic job for many years, the fact that 
the job IS carcinogenic may escape notice. 
Characteristic of environmental cancers is 
the long period betw'een the beginning (jf 
exposure to the carcinogen and the actual 
appeal ance of a tumor. A worker who 
leaves a dangerous job before the cancer 
appears may later develop a malignant 
tumor without realizing its origin. 

The process of tiacing cancers to their 
source through medical records and health 
statistics has become a work of '^killed de- 
duction. When a given community is found, 
on careful examination of its illness and 
mortality statistics, to have an unusual 
number of cases of cancer in certain sites, 
the biometrician at once suspects the pres- 
ence of an active environmental carcino- 
gen. The chances today are very great that 
it will be traced to one or more factories in 
the area, since so few non-industrial car- 
cinogens have been found. Conversely, if 
it is known that certain plants are pro- 
ducing or using known carcinogens, the 
statistician searches for evidence of an 
abnormal incidence of cancer among 


men vvdio aie employed in these plants. 

Obviously such investigations present 
difficult problems and demand a high or- 
der of judgment. It has often been said 
that statistics can be used to prove both 
sides of a question. Environmental car- 
cinogenesis is no exception. 

An example in American experience is 
a study which was made some time ago of 
the incidence of lung cancel among 40,000 
workers in an industry suspected of pro- 
ducing a caicinogenic agent. It was 
known from studies in other countries that 
lung cancers were exceptionally fiequent 
in this indiistiy, and there was no evidence 
that the American manufactming methods 
differed in any major lespect fiom those 
abroad. Yet this study reported no lung 
cancers at alU In an) group of 40,000 
adult males several cases of lung cancer 
aie bound to occur, merely on the basis of 
the incidence of the malignancy in the 
population as a whole. The results of the 
study surely suggest a lack of thorough- 
ness in the collection and evaluation of 
data 

A CLEAR example of the intelligent use 
of statistics as a tool in uncoveiing 
environmental carcinogens is the way in 
vvdiich cancers of the bladdei were identi- 
fied as an occupational hazard in plants 
using the aiomatic amine dye interme- 
diates mentioned earlier. The following 
composite description, based on a numbei 
of European and American investigations 
of this problem, illustrates the method: 

The people in a certain industrial re- 
gion have a fiequency of bladder cancer 
that IS a slight fraction higher than nor- 
mal. The variation is well within the lange 
of random piobahility. but the fact that 
several cases of this not too common ma- 
lignancy have been found in a single 
community leads to a further study of 
the region. It is found that the incidence 
of bladder cancel jumps from .02 per 
cent in the province as a whole to .1 per 
cent in the particular community under 
study, an inciease of 400 per cent. On 
fuithei investigation it is learned that 
among the vvorkers in a paiticular dye 
plant in the town. 5 pei cent are suffering 
from or have died from bladder cancer — 
nearly a 5,000 per cent increase. Follow- 
ing this clue, eveiy operation in the plant 
IS studied, and one particular job is found 
in which over 90 per cent of the workers 
have bladder cancer or have died from it 
Obviously the focal point of the disease 
has been established. 

It is from just such relatively slight 
statistical anomalies that muck of the 
original evidence of carcinogenesis in in- 
dustry arises. Of course, as more carcino- 
gens become known and are added to the 
list, the statistical techniques change. With 
the cooperation of the industries involved, 
medical and public health experts go di- 
rectly into the plants and study the opera- 
tions and the workers. Often, however, 
public medical and death records offer the 
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only leliable source of infoimation Many 
industries actually do not know of tlie ex- 
istence of carcinogenic hazards in theii 
factories The study is so new that only 
plants in which the incidence of specific 
cancers is notoriously high are aware of 
the problem. A few industries do know of 
the existence of caicinogens in their 
plants, and probably some of them have 
developed their o-wn methods of coping 
■with them. 

The leluctance of industrial manage- 
ments to publicize the existence of a car- 
cinogenic hazard is understandable, for it 
could easily become difficult for plants so 
labeled to reciuit workers, or even to sell 
their commodities. To make factories em- 
ploying carcinogenic materials safe to 
work in, furthermore, sometimes requires 
extensive and costly alterations. If one 
firm makes such alterations and others do 
not, the competitive position of its product 
is eiidangeied. 

Generally speaking, however, employ- 
ers are no more responsible for the lack of 
infoiraation about industrial cancer than 
are the many thousands of physicians who 
have cancer patients in industrial aieas or 
who actually are associated with factoiies. 
It is an unquestionable fact that an appre- 
ciable number of occupational cancers 
slip through the hands of doctors uniden- 
tified. This is due in a great degree to a 
general ignorance of the occupatioiuil as- 
pects of cancer. Physicians have never 
been adequately informed of the basic 
symptomatic and sociological factors in- 
volved in identifying occupational caicino- 
genesis. 

T tlE medical profession should be bet- 
ter educated about the need for ex- 
haustive case histories which cairy the 
individual’s job record in detail back as 
far as 25 years, about the urgency of check- 
ing medical suspicions of industrial cancel 
hazards against careful epidemiological 
studies of all the workers in a plant, and 
about the paramount importance of im- 
pressing plant management with the seri- 
ousness of the problem. 

The standard protective and hygienic 
measures currently used in industry to 
combat industrial poisons and other health 
hazards are not always adequate for the 
control of occupational cancer. The fol- 
lowing case history is a compelling illus- 
tration: Some 30 years ago workers in one 
of the newer metal industries began to 
develop lung cancers. At that time the 
cancers were found to remain latent from 
10 to 15 years. The incidence was unusu- 
ally high in certain operations wheie the 
carcinogenic substance was present in par- 
ticularly high concentration as an air- 
borne dust An effort was* ^ade to safe- 
guard these operations. Up-to-date equip- 
ment for removing dust and fumes was 
installed, and a standard industrial hy-- 
giene program was inaugurated, including 
protective clothing. But tho outcome was 
exactly the opposite of y^hat had beon ex- 


peeled The incidence of lung cancel did 
not diminish; in fact soon afleiwaid can- 
cels began to appear among woikeis who 
had been exposed lor less than six yeais, a 
much shelter period than had been jirc- 
viously observed. What had happened was 
that at the time when the piotecUve meas- 
uies weie adopted the factory had also 
begun to use a moie finely gioimd mateiial 
to improve pioduction. The finer dust, 
though piesent in a much lower concen- 
tration than the oiiginal material, penc- 
il ated farthei within the bronchi of the 
lungs. Thus despite the installation ol the 
latest in protective devices and pro- 
cediues, the cancel hazard was actually 
inci eased. 

I T is obvious, therefore, that the conliol 
of occupational caicinogenesis — and 
even to a great extent of cancers siem- 
ming from more indefinite enviionmcnlal 


(dosed; that the community be jnolecled 
by the pievenlion of the discharge of <‘ai- 
cinogenic wastes; that factoiies lie li- 
censed and inspected; that woikeis be 
piovided with pioLeclive clothing, etpup- 
menl and medicaJ supei vision, including 
fiequcnt and thoiough physical (‘xamnui- 
lions. 

The Envhonmental Cancer Section of 
the Institute, which is a pait of the LI. S. 
Public Health Seivice, is piepanug an 
immediate, comjnehensive campaign ol 
education and infoimalion, the puipose ol 
which is to living physicians to a lealiza- 
lion of the existence of the piolilem. Plans 
are also undci way to make exliausUvc' 
Slaveys of major indusLiial dH‘as in the 
nation. These studies aie t*ss(‘nlial pie- 
limiiiarics to the iiistilulion ol lht‘ conliols 
that Di. Hueper has suggested. 

Many ol the control recommendations 
admit ledly aie tar-reaching in llnni imph- 



CARCINOGEN IN NATURE is simliglil. Such aulural carcinog<Mis, liowin cr, 
aie few. An ahiiornially high conceiitralioii of arsenic in drinking water 
has been shown to cause cancer of tlie skin and internal organs. IidVe- 
tioiis of certain parasites have also been found to lead to malignant growths. 


agents, if and when they are discovered — 
is a public health problem of considerable 
magnitude This is made even more ap- 
parent by the scope of a control program 
that has been proposed by Dr. Wilhelm C. 
Hueper, head of the new Environmental 
Cancer Section of the National Cancer 
Institute. Dr. Hueper, one of the woiTd’s 
leading experts on occupational cancer, 
has studied the problem in the U S. and 
elsewhere for many years. Several of the 
elements of his program have already 
been put into effect in European countries. 
The program proposes that carcinogenic 
agents he eliminated from industrial, mili- 
tary and civilian use as far as is possible 
and practical ; that manufacturing process- 
.es which must ua© sttch materials be en- 


CcUions. Yeais of work will lie requiiod to 
put them into piactice with maximal effec- 
liveness. This is pailiculaily true of llic 
lecommendations for social controls. On 
the technical side, some of the elements 
can he instituted at once and without gieai 
expense, if management and labor can lie 
persuaded to agree to them. 

For example, effective medical and sani- 
tary supervision of exposed workers can 
be undertaken immediately. This supervi- 
sion should include X-ray examinations at 
frequent intervals; careful clinical study 
of suspicious lesions; preparation of ex- 
haustive and detailed job analyses and 
case histones; regular quarterly or semi- 
annual physical examinations ol all work- 
ers who might possibly suffer exposure to 



the caicinogetiic agents, a constant leview 
of dangcious plant operations to enloice 
Constant good housekeeping and to check 
on the level of caicmogenic dusts, fumes, 
and mists. 

Piotective measures foi the woikmen 
themselves are also simple and lelatively 
inexpensive, although the enfoi cement of 
their use is sometimes made difficult by the 
discomfoiL they cause They include the 
regular wearing of respirators and sealed 
clothing whenevei exposme to a carcino- 
genic hazard is likely, daily showers foi 
all persons woiking in oi near the hazard- 
ous operations, use of separate lockers foi 
street and work clothes, and adoption of 
work techniques that will minimize the 
dangers of exposure. 

Other, and more important, technical 
measures aie likely to involve heavy ex- 
penditures for management. In some in- 
stances, entile factories would have to 
be lebuilt. Others would require costly 
waste-control equipment, such as elec- 
tronic dust piecipitators, and extensive 
remodeling to enclose caicinogenic opera- 
tions and keep the workeis from any con- 
tact with dangerous agents. Few plants 
could afford the necessary changes unless 
all other plants in the same industry were 
required to make the same improvements 
at the same time. 

I N some instances, such changes might 
possibly be undeitaken as a result of 
an industry-wide agreement. In others, 
legislative and administrative enforcement 
might be essential. Such action would in- 
clude factory licensing and inspection by 
government, improved compensation laws 
recognizing occupationally acquiied can- 
cers as compensable, and revision of the 
health codes to make occupational cancels 
notifiable just as are many other diseases. 
These measures would lequire coordinated 
and carefully planned action on the part 
of management, labor, the medical profes- 
sion, state public health and labor depart- 
ments, and state and Federal legislatures. 
A precedent for such a program has al- 
ready been set by the successful control 
of communicable diseases through public 
health laws and through the organized 
coopeiation m their enforcement of both 
private and public agencies. 

How effective these controls would be in 
diminishing the hazards of still undiscov- 
ered enviionmental carcinogens is a ques- 
tion that only time can answer. Mean- 
while, the known causes of occupational 
cancers would be placed undei technical 
and social restraint, and patterns would 
be established for the future control of 
new carcinogens as they are found in our 
environment 


Groff Conklin is a sci- 
ence wi iter and a former 
consultant with the Na- 
tional Cancer Institute. 



EXTREME CASE of environmental cancer is represented by record of aro- 
matic amine plant in Germany. Of workers directly in contact with cbemicak 
90 to 100 per cent developed cancer of the bladder. Running from top to 
bottom is illustration of statistical analysis used to locate such hazards. 
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PILOT PLANT to test new processes utilizing acetylene 
has been erected by the General Aniline and Film Cor- 
poration at GrasseUi, N. J. The vessel in which the re^ 


actions are conducted is hidden behind the stout con- 
crete wall at the right. The wall is a safeguard against 
the possible explosion of the highly reactive gas. 



THE ARRIVAL 
OF ACETYLENE 

The Germans developed remarkable new processes to utilize 
the reactive gas. These processes and some others may soon 
make it a powerful constituent of the U.S. chemical industry 


by Herbert Yaliraes 


A CETYLENE is a coloiless and prac- 
UL lically odorless gas with a repiita- 
tion among chemists for extreme 
touchiness. It is a close chemical relative 
of orhei Simple hydrocarbons such as 
methane (marsh gas) and ethylene (a 
petioJeiim and coke by-pioduct) , But it is 
lai more leacLive; indeed acetylene, pack- 
ing 54,900 calories of latent energy in each 
giam molecule, is one of the most ener- 
getic Compounds known. Because concen- 
tiaied acetylene forms explosive mixtuies 
with ail, it IS dangeious to handle even at 
atmospheiic piessiue. Under higher pres- 
sure, It explodes on ignition with terrific 
violence. These qualities have not, until , 
lecently, been warmly legarded. Certain 
developments during World War II, how- 
evei, have made the chemistry of acetylene 
a subject of widei mteiest among U. S. 
chemists and chemical engineers. 

Acetylene was discovered by an English 
chemist named Edmund Davy in 1836. Eoi 
56 yeais it remained only a laboratory cu- 
liosity. Then on May 2, 1892, occuried 
one of modern chemistry’s most fruitful 
accidents. In a small plant in Spray, N. C.. 
a Canadian engineer named Thomas L, 
Willson and his partner, James T Moie- 
head, a former major in the Confederate 
Army, were conducting experiments with 
an electiic furnace They were seeking a 
process to obtain aluminum by the direct 
reduction of aluminum oxide to metallic 
aluminum. Willson decided that metallic 
calcium might make a i educing agent, and 
thought it might he obtained by leactmg 
lime and carbon. 

So Willson and his workmen mixed 
some whitewash lime with coal tar — in 
proportions that were happenstance but 
that proved providential — and shoved the 
mess into the furnace. After a run of sev- 
eral hours, the treatment yielded a grayish- 
white stuff, some of which was withdrawn 


and dropped into a bucket of water This 
produced an active reaction from which a 
gas bubbled. Willson hopefully concluded 
that his furnace pioduct was indeed metal- 
lic calcium, which on contact with water 
would take up oxygen and release hydro- 
gen. To find out whether the gas really was 
hydrogen, one of his as'^istants tied some 
oily waste to the end of a pole, lit it and 
swung the burning rag over the bucket 
The gas burned brilliantly — unlike hy- 
drogen — and it gave off clouds of sooty 
smt)ke This was puzzling: if the substance 
in the bucket was calcium, what was the 
souice of the caibon in the smoke 

Willson and Morehead sent samples of 
tlieii furnace product to North Carolina 
State Univeisity. Laboratory analysis dis- 
closed that the substance was calcium 
carbide, and that the gas given off when it 
leacted with water was acetylene. The two 
expel imenters, though thwarted in theii 
effoit to produce aluminum, had hap- 
pened on a method £oi manufacturing a 
pioduct with great potentials of its own. 

Calcium carbide was “ioon m commercial 
pioduction, and acetylene gas liecame one 
of tlie signatures of the gaslight era. Its 
bright flame made it a fine fuel for bicycle 
and automobile lamps and marine bea- 
cons. The intense heat it produced was put 
to use in the oxy acetylene torch. Yet these 
uses did not begin to suggest the immense 
possibilities of acetylene as a chemical 
mateiial. Indeed, the applications of acety- 
lene, considering its potentialities, have 
been developed almost as slowly as were 
those of petroleum, which were restricted 
for several decades to the kerosene frac- 
tion. 

Like the compounds in petroleum, acety- 
lene offers a basic building block in or- 
ganic chemistry. Its formula is which 

is pictured by the organic chemist as 
H~G=C-H, indicating that the acety- 


lene molecule is conipot'ed of two carbon 
atoms joined by a triple bond, with a 
loosely held hydrogen atom at each end. 
This is a highly reactive arrangement Tin- 
eneigy-packed molecule is unstable and 
therefore touchy to handle, but its insta- 
bility also makes it a versatile building 
material, capable of forming a great va- 
riety of pioducts 

U S. chemists have been aware of tlie^e 
possibilities for at least 20 years, and an 
appreciable acetylene industry has devel- 
oped in America. The great current in- 
terest in the chemical, however, derives 
from the wartime exploits of the German 
acetylene industry Without acetylene. 
Germany could not have waged World 
War IL Lacking petroleum or other 
plentiful sources foi organic chemicals. 
Geimany turned to acetylene as a basic 
chemical for producing synthetic rubber 
and other war materials As a result, Gei- 
man chemists developed some new pioc- 
esse'. which suggest that the possibilities 
of acetylene have barely been touched 

N ext month the chemistry of acety- 
lene will enter upon a new phase- 
The General Aniline and Film Corpoia- 
tion will open a pilot plant at Grasselli, 
N. J., to explore and exploit some of the 
German processes and a few techniques of 
its own. An intensive study is to he made 
of the wide range of this versatile chem- 
ical, which already has yielded such di- 
verse products as synthetic rubber and 
silk, eyeglass frames and false teeth, 
shower curtains and shoes. From these 
studies and those of other chemical firms 
very likely will come new plastics, textiles, 
solvents, lacquers, dyestuffs, drugs, and 
other materials not yet imagined. 

The development of acetylene in the 
U. S. has been held back not only by the 
fact that the material is explosive, but also 
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because ilicie lias been no pressing need 
for it. The organic chemicals industry 
in the U S. dining the early pait of this 
century was based piincipally on the 
fermentation of gram and sugai; after 
World War I, with the rapid advance of 
chemical technology, the industry shifted 
largely to peti oleum. Thus even the Union 
Carbide and Carbon Corporation, the 
chief U. S. manufactuiei of acetylene, 
entered upon the extensive development 
of a chemistry based on ethylene, an 
oil refin eiy pioduct. Ethylene, the formu- 
la of which is C2H4. with only a double 
bond between the caibons, is less reactive 
than acetylene and theiefore more limited 
in the compounds it can produce. It is, 
however, comparatively cheap, nonexplo- 
sive and sufficiently versatile to seivc as 
the source of hundreds of chemicals. 

Nevertheless, several impoitant prod- 
ucts were developed fiom acetylene dining 
the ’20s and "30s by U. S, and Canadian 
chemists. The first was acetaldehyde, the 
parent chemical for acetic acid, which is 
used in the manufactme of acetate layon, 
movie film, and so on, Then came acety- 
lene tetiachloride, from which was de- 
rived the solvent tnchloi ethylene, now one 
of the woild"s chief dry-cleaning fluids. 
In 1932 E, L du Pont de Nemours & Com- 
pany began to use acetylene to make the 
synthetic lubber neoprene Meanwhile the 
Shawinigan Company of Canada had pro- 
duced vinyl acetate, a basic material of the 
plastics industiy, latei developed by the 
Niacet Chemicals Corporation, which ha.s 
since been absoibed by Union Carbide. 
Other companies developed vinyl chloride, 
another of the vinyl compounds. This ma- 
terial, also made from ethylene, is the 
plastic that has recently become familiar 
to consumers in the form of showei cur- 
tains and synthetic leather handbags. Be- 
cause of their extiaoidinary toughness 
and resistance to physical and chemical 
abuse, these vinyl chloride leatlieis may 
soon provide major competition for natu- 
ral leather in every end use from shoes to 
machine belting. 

Some 200 million pounds of these vinyl 
compounds are now produced annually in 
the U. S. Known as vinyl resins, they are 
used, separately or in combination, to 
make molded articles, safety glass, elec- 
trical insulation, upholstery coverings, 
photographic film, washable wall fabrics, 
unbreakable phonograph records During 
the war vinyl resins were used to make the 
liquid plastic that was sprayed on metal 
parts to protect them from corrosion dur- 
ing shlppient. 

The ^emical processes for production 
of the vinyl compounds from acetylene are 
relatively simple. Vinyl chloride is made 
by reacting acetylene with liydrochloric 
acid; vinyl acetate, by combining acety- 
lene and acetic add, which itself can be 
made from acetylene. And all the U. S. 
and Canadian uses of aoetyfene were 
I b^tsed on reactions that could be carried 


out at moderate temi)eiatiires and ordi- 
nary pressures then believed to be the only 
condiuons irudei which acetylene could be 
safely employed 

Germany’s wartime exlremiLy, however, 
drove her chemists to experiments with 
acetylene in the danger zone^ of higher 
temperatures and pressures Because she 
could not aflord the luxury of building a 
chemical industry on her scarce supplies 
of grain or oil, Germany had begun to rely 
heavily on acetylene even before World 
War 1. At lire approach of World War II, 

1. G. Far ben leseaicheis began to woik on 
the problem ol applying heat and pressure 
to the gas to produce new materials The 
work was directed by J. Walther Reppe, 
head of Farben’s central research labora- 
tory. 

To control the explosive tendencies of 
acetylene, Reppe started to experiment 
further with certain techniques that had 
previously been worked out in the U. S. to 
keep acetylene from exploding m pressure 
cylinders used in connection with the oxy- 
acctylene loich. One of ihese methods was 
to lessen the reactivity of the gas by dilut- 
ing it. 

When a molecule of acetylene decom- 
poses and releases its great latent energy, 
the energy activates neighboring mole- 
cules and sets up a chain reaction. The 
whole process is aided hy heat and ])i en- 
sure: the higher the tempeialuie, (he 
more likely it is that docom{)osition will 
start; the closer the molecules arc to one 
another, the more lajrid is the chain reac- 
tion. In a large space occupied only by 
acetylene, tire chain of decomposition, 
once started, is so rapid that it leads al- 
most instantaneously to an explosion. But 
if the space is shared by a stable gas such 
as nitrogen or carbon dioxide, the energy 
released Iry the decomposing acetylene 
molecules is partly absorbed by the in- 
ert molecules of the diluent, and its impact 
on other acetylene molecules is thereby 
cushioned. The chain reaction is either 
stopped entirely or slowed sufficiently to 
prevent an explosion. 

By diluting acetylene in this way, Reppe 
was able safely to apply temperatures up 
to 200 degrees Centigrade and pressures 
of five and six atmospheres — remarkably 
high for the usual handling of this gas 
Under these conditions, and with the help 
of alkaline catalysts such as potassium 
hydroxide, Reppe made acetylene react 
with other materials in some new ways. 
One of these processes, called vinyl ation, 
combined acetylene with alcohols to form 
vinyl ethers — a versatile class of raw ma- 
terials used in the manufacture of trans- 
parent and surgical tapes, dipped rubber 
goods, adhesives for metals, lacquers, and 
sulfa drugs. (The vinyl .ethers can also 
be made from ethylene, but by a process 
that requires three steps instead of one.) 
Reppe also reacted acetylene with a 
pjienol, 
tbeiceby 


a. relative of carl^olic acid, and 
ptoduce4 a resin cabled Koresin 


which played an imporlani role as a Uu'ki- 
fiei m (he Gcinum wailime synlhclic ml)- 
her industry 

R eppe now sel out on a sc(‘ond imihod 
. of controlling acclylmie which was to 
yield even more impoilant lesulls. If is ob- 
jective was to lake advanlage of the un- 
usual piopeily of acetylene mentioned 
earlier in this ailiclc — the mobility of lire 
two hydrogen atoms which an^ loosely 
held at the ends of the acetylene moh^cule. 

Ir was known that these two atoms could 
readily be replaced hy reaclivi* imMals 
such as sodium, and Ural the r (‘suiting 
compound would react with ci’rtain olliei 
compounds such as acetone to form nmv 
substances. But there was a drllieulty 
normally these reactions look place only 
in the complete aliseiKu^ of water — a le- 
quhxmient that made lire process Loo ex- 
pensive for industrial use. 

Reppe found that if the acetylene gas 
was heated and compressed the reactions 
woitld work oven in the presence of water. 
The problem of handling the hot acety- 
lene, however, was more foimidalrle than 
in the prejraralion of the vinyl ethers, lor 
the new process dcmraiuh'd eonecn (rated 
acetylene; rl could not be diluted wilh an 
itrerl gas. 

Tills prol d(un was solved hy extension 
of auotliei oru' of the 1 online procedures 
long eslulilished in the indnsliy for the 
safe handling of ueelyleinu tin? nan owing 
of all spaces in which aciityleiu'. is (’on- 
fined. The conduit lulx^s through which 
lire hot gas was eouduelcd were reduced 
to a dianu^ler of hull an inch or less, or 
they were filled with InmdJcs of lulies, and 
the spaces m the large vessels where lire, 
reactions look place were crammed wilh 
small tubular nags of metal or porcelain. 
The effect of tins breakup of lh<^ sjiaces 
was to slow down the propagation of any 
explosion wave (hat might he slur led liy 
decomposition of the ac(‘lylene,; when de- 
composiljon Ixjgaii, llu‘. tilings and rings, 
like the jnol(‘eul(^s of a diluent gas, ah- 
sorhed enougli of the eiuugy of dcM'ompo.s- 
ing molecules to arrest lh(‘, (‘hain leae.lion 
and prevent an exp](>si(m. Aflej* oiu^ dis- 
astious blast, the Farbcn group sueee(‘dcd 
in conliulling lire chain leaclion so ihaL 
it only made the equipment get red hoU 
To make the whole process work, the 
Germans also had to use copper acetyl ide 
as a catalyst. This made U S. chcnrisls 
shudder when ihcy learned of it, for eoj)- 
per acetyUde is normally even more prone 
to explode than eomju’essed uciUyleiio. 
Reppe found, however, ihaL Irealmenl of 
the compound wilh acetylene under pre- 
cisely controlled conditions made the cata- 
lyst safe enough. 

The chemical process which Reppe de- 
veloped from these experiments is known 
as ethynylation. A new technique in indus- 
try, it cannot be applied to refinery gases 
such as ethylene^ and it therefore greatly 
enhances the value and possibilities of 
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ACETYLENE, other things being eqiiah could largely 
x*eplace ethylene and ethyl alcohol in the huge U, S. 
aliphatic chemical industry. Eacli, respectively, is the 
principal intermediate between coal, oil or agricultural 


materials and finished products. Dotted red lines indi- 
cate processes developed by the Germans. Lines shared 
by acetylene and either of the other intermediates 
show that either one is used for this particular route. 










triple bond between carbon atoms 
of acetylene molecule (t^). Hydration reduces triple bond to sin^^le: 
vinylation to double. Ethynylation pfeservea enefgy-ricb triple bond. 
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acetylene. The leaclion was cairied out 
with Joimaldeliyde (CHoO) in water solu^ 
lion. In the first step ol this ieaeti(ni, <>n<‘ 
of the active hydio^en alonis m aeetyhaie 
at laches itself to tlie oxygen atom of llie 
loiinaldehyde, and acclylem^’s two inirhon 
atoms join with the one in lounaldeliydi*. 
The pioducf, is [;ro- 

par^yl alcohol, a new chemical wiiich un- 
til recently was known only m the lalioia- 
toxy This compound leads with anothei 
molecule of formaldehyde to form 1,4- 
hutynediol, a piodiicl containing a chain 
of four cailion atoms. Aiul hiilynediol is 
like a liafiic cnclc liom which ladialc 
scores of great highioads in cliemistry. 

The CiMiuans lollow(‘d some of these 
roads vigorously. By iiydi ogenalion of 
hutyiiediol they made l,‘'l-l)uUin<MUok a 
glycol which piomiscs to hiu'oine as im- 
poiUuil fox industrial synthesis as (Mhy- 
leiie glycol. Kiom Imlyiiodiol tJiey also 
pioduced huladienc loi synlhelie, lulihci 
tiies, and adiponiLiilc lor making nylon. 
71iey also cx[)lorcd otluu* acetylene re- 
actions; using acetylene, cailion dioxide 
and walcx, fox exann>Ie, they ({evelo])eil a 
new piocess (or making amyhc acid, an 
important chemical building lilock for 
such pioducls as lex tiki sizings, lliie.k- 
dUM's and adhesives, hrom U(‘dylene and 
hydioiyauic acid, lln^ (rcrmaus workeil 
out anolhei way to arrive at aiuylonilrih', 
the, parent material for Buna-N ruhher 
and lli(‘ new synlhelie, fihei Oiion, le* 
ecnily aunoumual j)y du Pom. 

Thus ue(‘tyleu<‘ lietuime llu^ si/ir qua non 
ol (kumany’s elumiistry. In 1942 slu^ pio- 
duced 7.2 liillion cubic feet of it for 
clieinicxil ]nix poses. 

Large as the Gcrmxm entei prise was, it 
had haicly Iieguu lo ex[)lore the beckoning 
now roads. The U. S. chemical industry is 
now about Lo lak(‘, up iliese exploxations 
where the Geinians left off. (kuieral Ani- 
line xind Film, as an offslmot of I, (k 
Fai 1 ) 011 , j)n‘sunuihly is in iIh‘ Ix'st position 
Lo pul the German t(‘clini(pi(\s lo work — 
and to jump off from ihem into lu'w iu- 
vcsiigalions. G A. F. owns the If. S, riglils 
lo Reppe’s viiiylalion and ethyaylation 
processes 

For the ])icsent, the chief oiitpui of 
G. A. F.’s pilot plant at Grasse Hi will lie 
the vinyl ethers, emjdoymg the Beppe 
vinylalion process on which the eomj)any 
has been conducting laboratory work smec 
1945. However, vinyl cUiers, like other 
vinyl compounds, can I)c and are derived 
fi'om. ethylene. Chemists, therefore, are 
more interested to sec what will come 
of Reppe’s high-pressure ethynylation 
process. 

For its work in this field, G. A. F. has 
installed equipment on the German model, 
a 60-foot steel tower, five feet in diameter, 
built lo withstand pressures up to 100 
atmospheres, m case anything goes wrong 
with the acetylene reaction inside, From 
this process llxe company hopes to obtain 
not only a great variety of goods in bulk 



but also some fine biologicals. An example 
is polyvinyl pyrrolidone, which Reppe de- 
rived from butynediol The water solution 
ol this chemical, which the Germans 
called Peiiston, was extensively used by 
them during the war as a substitute for 
blood plasma. G. A. F. is now supplying 
samples foi evaluation in the U. S, 

Aside fiom these processes, two other 
aspects of acetylene are curiently in- 
triguing U. S. chemists. One is a curiosity 
called cyclooctatetraene, a ring compound 
which Reppe created during the war by 
condensing four molecules of acetylene 
The ling thus formed is similar to that of 
benzene, but has eight sides instead of six 
While no one has given this molecule 
much study, it is considered theoretically 
capable of foiming the basis of an indus- 
try neaily as important as the coal tar in- 
dustiy, which is built around benzene. 

The other new idea is the possibility of 
developing acetylene processes that de- 
pend on catalysts lather than heat and 
piessure. Of mteiest in this diiection is 
the work of a chemical engineer. A. Broth- 
man, of New York, who has developed a 
number of piomismg catalyst-based re- 
actions. One is a tliiee-step leaction of 
acetylene with acetone which yields 
methyl-methaciylate, the clear plastic 
used in an craft windows, navigation 
domes and gun turrets. 

How much furtliei chemists will go with 
the excitable hydrocarbon that the two 
aluminum-hunters made in their electric 
furnace half a centuiy ago depends of 
course on a variety of factors, not all of 
them scientific. Despite acetylene's wide 
possibilities, it seems unlikely that the 
chemical will become as impoitant in the 
U. S. as it was in Germany, foi the U. S 
has a great wealth of other mateiials 
which are more readily accessible to ex- 
ploitation. For 20 years U. S. chemistry 
has increasingly been based on petroleum. 

This growing dependence on petroleum, 
however, laises the question of what the 
chemical industry will do should U. S. oil 
reseives iiin out If woild conditions make 
it difficult or uneconomic to get peti oleum 
fiom abroad, American chemistry in all 
likelihood will turn to coal as the basic 
raw mateiial. In that event, acetylene, 
from carbide, would become the building 
block for a large proportion of the organic 
intermediates, shaiing the maiket with 
other inlei mediates derived from coal via 
the Fischer-Tiopscli process and hydro- 
genation. 

In any case, the new development of the 
chemistry of acetylene adds to the assur- 
ance that, despite any possible dearth of 
petroleum, the U. S. chemical industry 
will be able to fill the needs of the nation 
for centuries to come. 


Herbert Yakraes teas the author of 
Labrador Iron, which appeared in 
the November issue of this magazine. 



MASSIVE VESSELS were built ])y I* G. Farben in Ludwigsbaven, Germany, 
for the etliynylation of acetylene. Vessels are strong enough to withstand 
any pressures short of explosion developed by the breakdown of acetylene- 



SMALLER VESSEL at the General Aniline and Film pilot plant is 60 
feet high, five feet in diameter*, and built to withstand pressures up In 
100 atmospheres per square inch. It is first such vessel constructed in U. S- 
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Sigmund Freud felt that it reflected a basic structure of 
human relationships. The author presents a new theory 
of the Oedipus complex based on Sophocles’ great dramas 


by Ericb Fromm 

I N one of his basic woiks, T/ic Intel- constituted the fiindameiUal mechanmni 

pretation of Di earns, Sigmund Fieud m the development of the chikU and he 

nidintained that the complex was both the 
If the Oedipus Rex is capable of moving cause for psychopatliological ^ devclop- 
a modern readei or playgoei no Less poiv- ment and the “kernel of neuiosis.” 
erfully than it moved the coiitemporai y Fieud assumed that the male child at 
Greeks, the only possible explanation is the age of four oi five is sexually atti acted 

that the effect of the Gieek tiagedy does to his mother; hence he is jealous of hib 

not depend upon the conflict betiveen fate father, who appears to him as a supeiior, 

and human will, but upon the peculiar thicatening rival; hence he liccomcs in- 

nature of the material by which this con- tensely afiaid of his father and specihcal- 

jlict is revealed. There must be a voice ly afiaid of being easirated. Since I his 

within us which is prepaied to acknowl- lear hecomes Loo intense foi comfoiL and 

edge the compelling poivei of fate in the secuiily, the boy changes his aim. lie 

Oedipus. . , . And theic actually is a mo- gives ii]) the molhei as an olijecl of his 

tive in the stoiy of King Oedipus which sexual stiiviiigs and idenlihes himself 

explains the verdict of this inner voice His 
fate moves us only because it might have 
been our own, because the oracle laid 
upon us before our birth the very curse 
ivhich rested upon him. It may be that ive 
are all destined to direct our first sexual 
impulses toward our mothers, and our 
first impulses of hatred and violence to- 
ward our fathers; our dreams convince us 
that we are. King Oedipus, who slew his 
father Laius and wedded his mother ]o- with the father. In doing so he overcomes 

casta, is nothing more or less than a wish- his fear, and at the same lime liis own 

fulfillment — the fulfillment of the loish of masculine development is strengthened 

our childhood. But toe, more fortunate by the fact that he now wants to bo like 

than he, in so far as we have not become his father Freud assumed that a paitieu- 

psychoneurotics, have since our child- lar idcntihcation takes place ■“-namely, 

hood succeeded in withdrawing our sexual with the father’s conscience, lus com- 

impulses from our mothers, and in for- mands, and his piohibitions — and that 

getting our jealousy of our fathers. JFe thus the bases for the development of con- 

recoil from the person for whom this science in the boy are laid. 

primitive wish of our childhood has been In normal development, the Oedipus 
fulfilled ivith all the force of the repres- complex results in the sUengtliening of 
sion which these wishes have undergone masculine characterisUcs and in the 
in our minds since childhood. As the poet growth of conscience. The boy’s attach- 
brings the guUt of Oedipus to light by his ment to the mother is tianslerred later on 

investigation, he forces us to become to girls of his own age, although his 

aware of our own inner selves, in which choice of a love object may remain de- 

the same impulses are stUl extant, even termined to some extent by the image of 

though they are suppressed . . . after their the mother. In the neurotic development, 

unveiling we may well prefer to avert our the tie with the mother is not severed. She 

gaze from the scenes of our childhood. herself, or women who resemble her, re^ 
The concept of the Oedipus complex, main the exclusive love objects. In the lat- 

which Freud so beautifully presents in the ter case, the relationship to the mother 

passage just quoted, became, one of the surr^ate retains the qualities that were 

cornerstones of his psychological system, charfoeristic of the little boy’s attach- 

He bedieved that this concept was the key ^ ment his mother— dependency, lack 
m an understanding of history and of the of rofeponmbiHty, and the need to be 
evolution of religion and morality. His tsien care'“ of. Simultaneously, rivalry 
I ^bUviotion was that the Oedipus complex ,wiiit tjie fathmi pr father sifrcogates, and 


EDITOirS NOTE 

This aiticlc is an aliiidgcd version 
of a chaplei in 71ie Family ^ Irs Func- 
tions and Destiny, etlitcd by Jlulli 
Nanda Anshen, which will be pub- 
lished next month by Haipcr & 
Brotheis. 


hale and Icai of llieni, lemain active Uh). 

FiciuFs cojK'cpt ot tlie Oedipus complex 
was a lesull ol clinical ohscivalions and 
thcoi clii'al spccuialion, and so it nxusi 
have been vciy giali tying to him that the 
classic myth ol Oedipus seemed to lie not 
only a symbolic expiessioii but also a con- 
fiimalioii ol his theory. Fieud knew the 
Oedipus mytli Iroin Sophocles’ lrag(‘dy 
King Oedipus. This liagedy i elati's ihut an 
oracle has lohl Laius, the King ol Thelx's, 
and ills wil(‘, Joeasla, lhal if llicy siiouhj 
luiv<' a sou ibis son would kill liis huliei 
and many his nuilhci. When a sou, Oeili- 
pus, is 1)0111 to lliem, Joeaslti (h‘ei<les lo 
esea])e llie lal<‘ j)re(ii(‘l(‘<l l)y ilu' ora<‘le 
by killing lln* inlanl. She giv(*s Oedipus 
lo a slu’plieid wlio is to abandon lh<‘ child 
in the woods willi his lean bound so ilial 
lie will (he. Bill ihe shepluMd, taking pily 
on the (’liild, gives lIk* iniaiu lo a uiau 
in llie s(*iviee of the king ol (aniuth, 
who m tnni lirlugs him lo liis maslei’. 
The king adopts Lh(‘ hoy, ami he grows 
up ludieving llial he is ilu‘ king’s leal son. 

Oedipus is told liy the oiaele in Dtdphl 
that it IS his fate Lo kill iiis fatluu* ami lo 
many his motluu. fie decides to avoid this 
fate l)y never going hack lo his supposed 
parimls in Cotinlli. On his way horn Del- 
phi, he engag(‘s in a viohml aigiuncnt wilh 
an old man iiding in a eajnag<% loses bis 
Innper, ami kills liie man ami his s(‘rvant 
wilhoul knowing that lu‘ has slain his 
lathei, the king of Thebes, 

Hjs wamlmiugs then lead him to 
Thebes. Tluue a Sphinx is devouring the 
young nu^n and women of the city. Slu‘ 
will cease only if someone iinds the aiiswei 
lo a liddle she asks: “What is it which 
first goes on four, then on two, ami even- 
tually on throey” The ejly of Thebes has 
promised lhal anyone who cun solve lJu‘ 
riddle and free llie city Irom llu; Splilnx 
will be made king, and will lie given llic 
King’s widow as his wife, Oedipus dis- 
covers the answei — ^wliich is man, who 
as a child walks on all four, as an adult 
on two, and in his old age on three (wilh 
a cane) . The Sphinx throws herself into 
the ocean, the city is saved from calamity, 
Oedipus becomes king and marries Jo- 
casta, his mother. 

After Oedipus has reigned happily for 
some time, the city is ravaged by a plague 




that kills many of its citizens The seei 
Teuesias leveals that the plague is pun- 
ishment foi the twofold ciime which Oedi- 
pus has unknowingly committed, that of 
patiicide and incest. Oedipus, aftei having 
tiled desperately not to see this truth, 
blinds himself when he is compelled to see 
It, and Jocasta commits suicide. 

The question is whether Freud was right 
m assuming that this myth confirms his 
view that unconscious incestuous diives 
and resulting hate against the father-rival 
aie an intiinsic part of any male child’s 
equipment. Indeed, it does seem as if the 
myth confirmed Freud’s theory. If we ex- 
amine the myth more closely, liowevei, 
doubts aiise. The most pertinent is this* 
IE Freud’s interpretation is right, we 
should expect the myth to tell us that 
Oedipus met Jocasta without knowing that 
she was his mother, fell in love with hei, 
and then killed his father, again unknow- 
ingly But theie is no indication whatso- 
ever in the myth that Oedipus is attracted 
by 01 falls in love with Jocasta. The only 
leason we are given foi Oedipus’ maiiiage 
to Jocasta is that she goes with the tin one. 
Indeed, in older veisions of the story, 
theie is usually no mention of a pre- 
diction by the oiacle that the son will 


mairy his mothei Should we believe that 
a myth which deals pnmaiily with an 
incestuous relationship between mother 
and son can so completely ignore the ele- 
ment of attraction between the two? 

Fiom a consideiation of King Oedipus 
alone, no definite answer can be given. But 
we are at least in a position to foimulate a 
hypothesis, namely that the myth has to 
be understood as a symbol, not of the in- 
cestuous tie between mother and son, but 
of the rebellion of the son against the au- 
thoiity of the father in the patriaichal 
family; that the maniage of Oedipus and 
Jocasta is only a secondary element, only 
one of the symbols, of the vjctoiy of the 
son who takes ovei his fathei’s place and 
with It all its privileges 

T he validity of this hypothesis can be 
tested by examining the whole Oedi- 
pus myth, particularly in the form pre- 
sented by Sophocles in the two other parts 
of his trilogy, Oedipus at Colonus and 
Antigone. 

In Oedipus at Colonus we find Oedipus 
near Athens at the grove of the Eumenides 
shortly before his death. After having 
blinded himself, Oedipus remained in 
Thebes. Creon, his uncle, who succeeded 


him as lulei, after a time exiled him. 
Oedipus’ two daughteis, Antigone and 
Ismene, accompanied him into exile; but 
Ills two sons, Eteocles and Polyneices, re- 
fused to help then blind father. Aftei his 
departure, the two brothers strove for pos- 
session of the throne. Eteocles won; but 
Polyneices, refusing to yield, sought to 
conquei the city with outside help and to 
wiest the power from his biothei. In 
Oedipus at Colonus we see him approach 
his father, begging his forgiveness and 
asking Ins assistance. But Oedipus is re- 
lentless in hatred toward his sons. In spite 
of the passionate pleading of Polyneices, 
supported hy Antigone, he leluses forgive- 
ness 

In Antigone we find another father-son 
conflict as one of the central themes of the 
tragedy. Here Creon. the repiesenlative of 
the authoritarian piinciple in state and 
family, is opposed by his son, Haenion, 
who reproaches him for his luthless des- 
potism and his ciuelty against Antigone. 
Haemon tiies to kill his father and, fail- 
ing to do so, kills himself. 

We find that the theme which runs 
through all three tragedies is the conflict 
between father and son. In King Oedipus 
this conflict is expressed liy the fact that 



OEDIPUS IS ENTHRONED as King of Thebes with These events Freud interpreted as the fulfillment of a 

Jocasta as his queen. He does not know that a stranger wish of childhood. The drawing is made in the style of 

he has slain is his father, nor that Jocasta is his mother, the Greek decorations contemporaneous with Sophocles. 



Oedipus kills his father, Lai us — the sig- 
nificance of which is not diminished by 
Oedipus' ignoiance. In Ot^dipus at Coloniis 
Oedipus gives vent to liis intense hatied 
of his sons, and in Antigone we find the 
same hatred again between Cieon and 
Haemon. There is no problem of incest in 
the relationship of Oedipus’ sons to their 
mothei noi in the lelationship between 
Haemon and his mothei, Eiiiydice If we 
inteipiet King Oedipus in the light of the 
whole trilogy, the assumption seems plau- 
sible that the real issue in King Oedipus, 
too, is the conflict between lather and son 
and not incest. 

TIlb question arises as to how we may 
explain this conflict. One clue is given in 
Antigone, by the rebellion ol Haemon 
against Creon Cieon lepiesents the au- 
thoritarian principle both in the family 
and the state, and it is against this type of 
authority that Haemon lebels. An analysis 
of the whole Oedipus trilogy will show 
that the struggle against paternal author- 
ity is its main theme and that the loots of 
this struggle extend fai back into the an- 
cient struggle in both family and lehgion 
between the patriarchal and matriarchal 
systems of society, Oedipus, Haemon, and 
Antigone are repiesentalives of the ma- 
il iarchal woild who attack a social and 
religions older based on the powers and 
privileges of the fathei, lepresimU’d liy 
Laius and Creon. 

This projmsition is haseil on the famous 
analysis of Gieek mythology by the Swiss 
scholar J. J. Bachofen, It is necessary, 
therefore, briefly to considei the piiiiciples 
of Bachofen's theory in ordei lii lay the 
foundations for the wiiter’s inteipietation 
of the Oedipus myth 

In his Mattel recht (mother right) . pub- 
lished in 1861, Bachofen suggested that in 
the beginning of human history sexual 
relations were promiscuous, as a result 
only the mothei ’s parenthood was unques- 
tionable. To hei alone could consanguinity 
be traced. She was, therefore, the authority 
and lawgiver — in the family group, in so- 
ciety and in religion. On the basis of his 
analysis of religious documents m Greek 
and Roman antiquity, Bachofen came to 
the conclusion that the religion of the 
Olympian gods was preceded by a leligion 
in which goddesses, motherlike figures, 
were the supieme deities. 

Bachofen assumed that in a long histori- 
cal process men subdued women, and suc- 
ceeded in making themselves the lulers in 
a social hierarchy. The patriarchal system 
thus established is characterized by mo- 
nogamy (At least so far as women are con- 
cerned], by the authority of the father in 
the family, and by the central role of men 
in a liierarchically organized society, In- 
stead of the mother goddesses, male gods 
became the supreme rulers of man. 

Bachofen showed that the difference be- 
tween the matriarchal and patriarchal 
orders extended to social and moral prin- 
ciples. Matriarchal culture is character- 
ized by an emphasis on ties of blood, ties 


to the soil, and a passive acceptam^e ol all 
natural phenomena. Pal iiai dial society, 
m coiitiast, IS charactoiized l)y lespecL foi 
man-made law, by the ]u edomiiuince of 
idtional ihoiight, and by man's efloil to 
change naluial phenomena. So lai as ihese 
principles aie concerned, the patnaichal 
cultuie constituted piogiess beyond the 
mail lai dial culture. In other le-'pects, 
howevei, the matiiaichal piinciples were 
siipeiioi to the victoiious paliicuchal ones 
In the matiiaichal concept all men aie 
equal, since they are all the diihhen of 
motheis and each one a child of Motliei 
Eaith. A mothei loves all hei children 
equally and wjtliout conditions, since hci 
love IS based on the fad that they ai<‘ h(‘r 
children and not on any pai liculai nun it oi 
achievement; llu‘ aim ol lilc is the happi- 



BLIND OEDIPUS is accoinpaniocl 
into exile by his (laughters, Jsinenc 
and Antigone. Sons remain IxduncL 


ness of men, and theie is nothing mou‘ im- 
poitant than human existence and life. 
The pall iai dial system, on the other hand, 
recognizes obedience to authority as its 
mam virtue. 

“The idationship through which man- 
kind has first grown into civilization, 
which is the beginning of the development 
of every virtue and of the formation of the 
nobler aspects of human existence,” says 
Bachofen, “is the matriarchal principle, 
which becomes effective as the principle 
of love, unity, and peace. . . Its principle 
i,« that of universality, whereas the patri- 
aiclial principle is that ol rcsiiictions. . . . 
The idea of the universal brotherhood of 
man is rooted in the principle of mother- 
hood, and this idea vanishes with the de- 
velopment of patriarchal society.” 

Bachofen’s theory was strengthened by 
the work of a 19th-century American 
scholar, L. H. Moigan. Independently, 
Morgan came to the conclusion that the 
kinship system of the American Indians— 
Adlar to that ^ound in Asia, Africa, and 


\u^lialia — was Iiasi'd on llu’ nuiliiaiduil 
])iindple, and that llu* most siguilioaiU 
nisi itul ion in such ciilliircs, llic gmis, was 
organized in eonloimily with ibc malii- 
111 dial piinciple. Moigan's eoneliisious 
about jnmcijiles ol value in a mat nai dial 
society woie quite similai to Badiolen's 
lie ])ioposed that the futiiie foiin of ei\ili- 
zation '‘will be a iep(‘lilioii^ — 'but on a 
higlu'i level — oi the pnnci[)les ol liheily, 
(‘quality, and fuiteinity which dun aetei- 
ized the ancient gens.” Both Bucholen's 
and Morgan's iheoiies ol inatiiiiiehy avcio 
dispul(‘d, il not entirdy igiioied, by most 
aiilhi opologisis. The \ioleiu‘(‘ (d the an- 
tagonism against the theory ol luatMaidiv 
aious(‘s the suspicion lluil llu‘ (‘litieisin 
was not eiitiidy fr(‘(‘ liom an emolioiudly 
lound(‘(l piejudiei^ against an assuinpllon 
so foieigii to the thinking and le(‘ling (d 
oiii paliiaiduil cull me. Theie is little 
doubt that many single oh)e<‘lions to lh(‘ 
mail larduil iheoiy ai(‘ juslihed and that U 
IS not tenable in the foini in Avhidi it was 
piesi'iUed liy Badud'en. N(‘vci iheless, 
lUidioleifs main thesis, that Ave find an 
oldei layer ol nuiLiiaidial leligiou muhu- 
nealh the more recmiL palriarclial leligion 
of Giei'ce, seiniis to in(‘ to hav(‘ been I’s- 
tahlished by him Ix^yond any doubt. 

All (his l)(‘urs upon our hypolhe.sis ilial 
lh(‘ hostility helwm'u lallu'r and son, 
whi<di is ih(^ lluMiK* running through Soph- 
oi‘,les' ij'ilogy, is to lie muhn stood as an 
alludv against ilut vidorious palriarclial 
ordei I>y llu* r(;])r(*senLalives ol llu; d(;- 
lealed iiuitriardial sysimn. 

I N tin; various Gredc formululions of the 
Oedipus myth upon which SojiIuk l(‘s 
huilt his Li ag(’dy, llie ligm e of Oedipus was 
always connee.tc'd witli the cull ol the eai ih 
goddesses, the K’preseiilalivi's ol muliiui- 
dial religion. Oedipus' coinu*elion with llu* 
Sphinx s(‘ems also to point to a coniuu'lion 
belwei‘ii Oedijuis and the mat riai dud 
prnuuple as it is (h'serihed by Badiolen 
11 we look dos(*ly at llie Sjibinx's riddh*, 
W(‘ are .sliiu;k by the insignificance of tiu* 
riddle in comparison Avllh llic reward loi 
Its solution. Any dever boy of twelve 
might guess lluiL that wlncb goes first on 
four, tium on two, and cveiUiudly on lliiec 
is man. Why should the light guess be 
pi oof of such exuaoidinary jiowers as 1o 
make iheir possessor the savior of tlu* 
cityV The answei to this question lies in 
an analysis of the riddh;'s r<*al meaning, 
an analysis which must follow die jniiid- 
ples of hileiprelalion of myths and (Ireams 
developed by Bachofen and Freud, They 
showed that often the most import aid ele- 
ment in a dream or inydi may ujipear to 
be an insignificant pari of die myth itsdl, 
while the pait of the myth that appears 
to have the mam accent is only a minor 
element in its real meaning. 

Applying this principle to the Sphinx 
myth, but with an interpretation different 
from the one Bachofen or Freud gave it, 
it would seem that the important dement 
m the riddle is not the part that is stressed 



Ill the nidiiik'si loimiilation of the myth, 
namely the nddle itseli, hut the answei to 
tlie liddle,” man. II we tianslate the 
Sphinx’s woids from symbolic into oveit 
lanoLiage we hcai her say He can save 
mankind who knows that man himself is 
the most impoitant answei man can give 
to the most diihcult question with which 
he IS confionted. This emphasis on the im- 
portance of man is pail of the piinciple of 
the matriaichal woild as Bachofen de- 
sciibed it 

One element in the myth and in Sopho- 
cles’ King Oedipus seems to contiadict oui 
hypothesis — the figuie of JocasLa On the 
assumption that she symbolizes the moth- 
eily piinciple. and that the explanation 
suggested heie is coriect. the questnm 
arises why the mother also is destioyed 
instead of being victorious But examina- 
tion of the lole of Jocasta shows that it not 
only does not contiadict our hypothesis. 
Imt tends to conhim it. focasla’s ciime is 
that of not having fulfilled hei duty as a 
mother; she is ready to kill her child in 
ordei to save hei husband. This, horn tlie 
standpoint of patiiaiclial society, is a legit- 
imate decision. l)iu liom the standpoint 
of mail lai dial society and matriaichal 
ethics It IS the unloigivable crime. By 
committing this ciime. it is she Avho staits 
the chain of events that eventually leads 
to her owm end and to hei husband’s and 
son’s desti action. The myth explains the 
leasons foi the downfall of matnaicliY It 
jiroposes that the mother by violating her 
jiar amount duty hi ought about her own 
desti action 

In Oedipus at Col onus we see the blind 
Oedipus accompanied by Ins two daugh- 
ters ai living neai Athen.s, close to the 
glove of the goddesses of the eaith. The 
oracle has piophesied that if Oedipus is 
Imried in this giove he will protect Athens 
fiom invasion by her enemies. Oedipus 
makes this known to Theseus, the King of 
Athens. Theseus gladly accepts Oedipus’ 
offei that he liecome the posthumous hene- 
factoi of Athens Oedipus letieats into the 
glove of the goddesses and dies in a mys- 
teiious way not known to anybody but 
Theseus 

Who are these goddesses ? Why do they 
offer a sanctuary to Oedipus? What does 
the oracle mean by telling us that Oedipus, 
in Ending his last home in this giove, re- 
verts to his role of savior and benefactoi ? 

In Oedipus at Col onus the answer is 
given to the first question, that of the iden- 
tity of the goddesses. Oedipus implores 
them, saying: 

Queens of diead aspect, since your seat 
is the first in this land luhci eat I have bent 
the knee, shoiu not yourselves ungiacious 
to Phoebus oi to myself; who, ivhen he 
pioclaimed that doom of many woes, 
spake of this as a rest foi me after long 
jeais — on reaching my goal in a land 
ivhere I should find a seat of the Awful 
Goddesses, and a hospitable shekel. . . . 

Oedipus calls the goddesses “Queens of 
dread aspect” and “Awful Goddesses.” 


Why aie the> "dread fuT’ and “awful.” 
since to him they aie the goddesses of his 
last lesting place and those "who will 
e\entually give him peace? The answer 
can be found only in a piinciple of in- 
terpretation. valid for both myths and 
dreams, which has been recognized by 
Bachofen and Fieud. If an element ap- 
pearing m a myth oi in a dream belongs 
to a much eailiei phase of development, 
and is not pait of the conscious frame of 
leference at the time of the final foimula- 
tion of the myth, tins element often cairies 
with It the quality of diead and awfulness. 
Touching upon something hidden and 
taboo, the conscious mind is affected by a 
tear of a paiticiilar kind — the fear of the 
unknown and the mysterious. The “Awful 
Goddesses" which aie mentioned by Oedi- 



ANTIGONE scatters earth over the 
corpse of her brother. Later Antig- 
one is buried alive in cave by' Creon, 


pus here represent the defeated matri- 
aichai system. 

Goethe, m one of the least understood 
passages of Faust, has treated of the dread 
of the mysterious motheis in a spirit very 
similar to that of Sophocles’ Oedipus at 
Coloniis. Mephistopheles says: 

Unwilling I reveal a loftier mystery — 

In solitude are throned the Goddesses, 

No space aiound them. Place and Time 
still less; 

Only to speak of them embairasses; 

T h ey ai e th e Moth ei s ! 

Faust {tei lifted) : 

Motheis! 

Mephistopheles 
Hast thou dread? 

Faust: 

The Mothers^ Motheis! — a strange word 
is said. 

Mephistopheles: 

It is so. Goddesses, unknown to ye, 

The Mothers, named by us unwillingly . 


Delve in the deepest depth must thou, to 
leach them. 

It IS thine oun fault that we for help be- 
seech them. 

Here too, as in Sophocles’ tragedy, the 
feeling of dread and teiroi is bound up 
with the mere mentioning of the goddesses. 
They belong to an ancient world which 
now is banned fiom the light of day, from 
consciousness. 

As vv^e see from this shoit passage, 
Goethe anticipated BacliofeiTs theoiy; ac- 
cording to the diary of Eckeiinanii. 
Goethe mentioned that m reading Plii- 
taich he found “that in Giecian an- 
tiquity the Motheis aie spoken of as 
Goddesses " This passage in Faust has 
appealed enigmatic to most commentatoi s 
who tiied to explain the mothers as a sym- 
bol of Platonic ideas, the foimless realm 
of the inner world of spiiit, and so forth. 
Indeed, it must remain an enigma unless 
one understands it m the light of Bachof- 
en’s findings 

We have already pointed to the fact that 
the main theme of the Oedipus trilogy, 
the conflict between father and son. finds 
its full expression in Oedipus at Colonus; 
heie the hate between father and son is 
not, as m King Oedipus, unconscious; in- 
deed. heie Oedipus is veiy much awaie of 
his hale against his sons, whom he accuses 
of having violated the eternal law of na- 
ture. There is no indication in Oedipus at 
Colonus that the hostility of Oedipus’ sons 
against their father has any connection 
with the incest motif. The only motivation 
which we can find is their wish for power 
and the livalry with their father. 

H OW diffeient is the end of Oedipus at 
Colonus fiom that of King Oedipus! 
In the latter the fate of Oedipus seemed 
to be sealed as that of the tragic criminal 
whose crime lemoves him forever from his 
family and from his fellow men, destined 
to be an outcast, abhoired though perhaps 
pitied by eveiyone. In the foimer he dies 
as a man suiiounded by two loving daugh- 
ters and by new hiends whose benefactor 
be has become, not with a feeling of guilt 
but with a conviction of his right, not as 
an outcast but as one who has eventually 
found his home — with the earth and the 
goddesses who rule there. The tragic guilt 
which had peivaded King Oedipus has 
now been removed, and only one conflict 
has remained as hitter and unsolved as 
ever — that between father and son. 

The conflict between the patriarchal 
and matriarchal principles is still the 
theme in Antigone, the third pait of the 
trilogy. Here the figiiie of Creon repre- 
sents the principle of the supremacy of the 
law of the state over ties of blood, of 
obedience to authoiity over allegiance to 
the natural law of humanity. Antigone 
represents the matriarchal principle and 
thus is the uncompromising adversary of 
Creon. He must defeat Antigone in order 
to uphold patriarchal authority and with 
it his own virility. Haemon, Creon’s son. 



represents the same principles as Antig- 
one. Although he tries at first to appease 
and persuade his father^ he openly de- 
clares his opposition when he sees that his 
father wdll not yield. 

The end of the tragedy carries the ac- 
titm tt» the point of final decision. Cieon 
has Antigone buried alive in a cave — a 
hymbolic expres'^ion of hei connection 
with Mother Eaith The seer Teiresias, 
who in King Oedipus w'as instrumental in 
making Oedipus aware of his crime, ap- 
pears again, this time to make Creon 
aware of his. Stricken by panic. Creon 
gives in and tries to save Antigone. He 
rushes to the cave where she is entombed, 
but Antigone is already dead. Haemon 
tries to kill his father; when he fails, he 
takes his twn life. Creon's rvife, Eurydice, 
upon hearing the fate of her son, kills her- 
^elf, cursing her husband as the murderer 
id her children, Creon recognizes the com- 
plete collapse of his world and the defeat 
of his principles He admits his own moral 
bankruptcy, and the play ends with his 
confession. 

E are now in a position to answer 
the questions that we raised at the 
beginning. Is the Oedipus myth as pre- 
sented in Sophocles' trilogy centered on 
the crime of incest? Is the murder of the 
father, as Freud belie\ed. the symbolic 
expression of a hate resulting from jeal- 
ousy? Though the answer is doubtful at 
the end of King Oedipus, it is hardly 
doubtful at the end of Antigone. Not Oedi- 
pus but Creon is defeated in the end, and 
with him the principle of authoiitarian- 
ism, of man's domination over men, the 
father's domination over his son, and .the 
dictator’s domination over the people. 

Our interpretation needs to be supple- 
mented, however, by another considera- 
tion. Although the conflict between Oedi- 
pus. Antigone and Haemon on the one side 
against Creon on the other contains a 
manaory of the conflict between patriar- 
chal and matriarchal principles, it must 
also be understood in terms of the specific 
political and cultural ‘Situation in Sopho- 
cles’ time and of his reactions to that situ- 
ation. 

The Peloponnesian War, the threat to 
the political independence of Athens, and 
the plague which ravaged the city at the 
beginning of the war, had helped to uproot 
the old religious and philosophical tradi- 
tions. Indeed, attacks ' against religion 
were not new, but they reached a climax 
in the teachings of Sophocles’ Sophist ad- 
versaries. He was opposed particularly to 
those in the extreme wing of the Sophists 
who not only acclaimed despotism exer- 
cised by an intefiecthai elite,, but also up- 
held unrestricted selfishness as a moral 
principle. The ethics of e^otisrical snp^- 
men and the amoral opportuniwn; of dais 
wing of the Sophists were the very oppo- 
site of Sophocles* philosophy. In O^on 
‘ crated a figure represOntog 

s^mol of 'and' 
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-peeches lesemble the Sophist pattern 
e\en in stvle and expiession. 

In his argument against the Sophists, 
Sophocles gave new expiession to the old 
religious traditions of the people with 
their emphasis on love, equality and jus- 
tice. The Geiman scholar Wilhelm Schmid 
has observed* “The leligious attitude of 
Sophocles . IS primarily concerned not 
with the official religion of tlie state but 
with those helpful secondaiy pnweis which 
always were closer to the faith of the 
masses than the aiistociatic Olympians 
and to whom the people tinned again in 
the dangers of the Peloponne‘=;ian War.’’ 
These “secondary powers," which were 
different from the “aristocratic Olympian” 
gods, are easily identified as the goddesses 
of the matnaichal world. 

We see, then, that Sophocles’ views ex- 
pressed in the Oedipus trilogy are to be 
understood as a blend of his opposition to 
contemporary sophism and his sympathy 
for the old non-Olympian religious ideas 
In the name of both he proclaimed the 
principle that the dignity of man and the 
sanctity of human bonds must never be 
subordinated to inhuman and authoiitar- 
ian claims of the state or to opportunistic 
considerations. 

Thus far we have been concerned only 
with the interpretation of the Oedipus 
myth and not wdth Freud’s clinical de- 
scription of the Oedipus complex. Quite 
apart from the question of whether 
Freud's clinical description is correct, we 
arrive at the result that the complex char- 
acterized by a boy's incestuous strivings 
toward his mother and his resulting hos- 
tility against his father is wrongly called 
an Oedipus complex. There is a complex 
frequently found in patriarchal cultures, 
however, that fully deseives to be called 
an Oedipus complex: namely, the rebel- 
lion of the son against the pressure of the 
father’s authority — an authority rooted in 
the patriarchal, authoritarian structure of 
society. 

The child does not meet society directly 
at first; he meets it through the medium 
of liis parents, who in theii character 
structure and methods of education repre- 
sent the social structure, and are. as it 
were, the psychological agency of society. 
What, then, happens to the child in his 
relationship to his paients? Often he 
meets through them the kind of authority 
that prevails in a patriarchal society, and 
this kind of authority tends to break his 
will, his spontaneity, his independence. 
But since man is not born to be broken, the 
child fights against the authority repre- 
sented by bis parents; he fights not only 
for his freedom from pressure but also for 
his freedom to be himself, a full-fledged 
human being and not an automaton. 

In this strug^e some cliildren are more 
successful than others ; most of them are 
defeated to some extent in their fight for 
fr^deto. 'The wa)fsi in which thp defeat is 
: 'Whatever 

- un- 



successful fight against iriational authoi- 
ity aie to be found at the bottom of cveiy 
neuiosis. Such a scar is represented in a 
svndrnme of which the most important 
featuies are a weakening oi paralysis of 
the individuaFs oiiginality and spontanei- 
ty, a weakening of the self and the substi- 
tution of a pseudo self in which the feeling 
of “I am” is dulled and replaced by the 
experience of self as the sum total of ex- 
pectations others have about the self, and 
finally a substitution of heteionomy for 
autonomy. 

Does oui interpretation of the Oedipus 
myth and of the Oedipus complex imply 
that Freud's theoiy was without founda- 
tion? 

Freud observed thiee facts, and each of 
these observations was valid. We now pio- 
pose to show that the unified theoretical 
mteipietation which he gave to his thiee 
observations was fallacious, and that the 
progress of psychological theory lies m 
the direction of seeing the obseived phe- 
nomena afiesh and interpieting them dif- 
ferently. The facts which Freud obseived 
were the following : 

First, he noted the presence of sexual 
strivings in children Although this phe- 
nomenon has found wide recognition to- 
day, at the beginning of the centuiy il was 
a levolutionaiy discovery which tiemen- 
dously advanced oui knowledge of child 
psychology. 

Second, Freud obseived that the ties by 
which children aie bound to then paients 
are often not severed at a time when, m 
the normal development, they should l)e 
severed and the child should become inde- 
pendent. He saw that this ii rational “fixa- 
tion” of childien to theii paients is to be 
found in all nemoses, and is one of the 
causes for the development of neurolic 
symptoms and neurotic character traits 
The significance of this discovery can 
baldly he overestimated. The more data 
we collect, the more it becomes apparent 
that the peculiar lack of matin ity and self- 
assertion, the emotional and intellectual 
distortions so chaiacteristic of eveiy neu- 
iosis, result from this fixation, which para- 
lyzes the person’s free use of his own emo- 
tional and intellectual powers. 

Third, Fiend recognized that the con- 
flict between father and son is chaiacter- 
istic of patriarchal cultures, and he dem- 
onstrated particularly how an unsuccess- 
ful rebellion against the father’s authority 
and the fears resulting from the defeat 
form the basis for a neurotic development 

T he observation of these three phe- 
nomena led Freud to synthesize them 
in one brilliant theory. He assumed that 
the second phenomenon, attachment or fix- 
ation to the mother, was rooted in the first 
phenomenon — the sexual strivings of the 
child — and that the third phenomenon, the 
conflict with the father, was a result of 
this sexual rivalry. This theory is very 
appealing ! indeed. Individual and an- 
tiropolo^iiai data* gathered Since Freud 



formulated his theory ha\e, howe\er. 
shaken our conviction as to its validity. 
These data have shown that the Oedipus 
complex in Freud's sense is not a univeisal 
human phenomenon, and that the child's 
rivalry ^\dth the father does not occur in 
cultures without strong patriarchal au- 
thority. It has become e\ident that the tie 
to the mother is not essentially a sexual 
tie — in fact, that infantile sexuality when 
not suppressed has as its normal aim auto- 
erotic satisfactions and sexual contact 
with other children Moreover, it has be- 
come apparent that pathological depend- 
ence on the mother is caused by nonsexual 
factors — particularly by a dominating at- 
titude on the pait of the mother, which 
makes the child helpless and frightened, 
thus intensifying the need for the mother's 
protection and affection. 

The conflict between father and son — 
the aspect of the Oedipus complex with 
which we are here concerned — has little 
to do with sexual rivalry, but is charac- 
teristic of patriarchal society and family 
life In such societies the children, and 
particularly the sons, are conceived of as 
the property of the father whose interest 
they should serve. This concept is in oppo- 
sition to fundamental qualities of human 
nature, to man's wdsh to be free and inde- 
jiendent and to be an end and not a means. 
Hence an authoritarian, patriarchal struc- 
ture necessarily results in a conflict be- 
tween fathei and son. either overt or 
unconscious; rebellion against paternal 
authority results in a conflict of which the 
intensity is proportionate to the degree of 
pressure exercised by parental authority. 

Freud's concept of the Oedipus complex 
IS part of a broader concept in wdiich neu- 
rosis is explained as the result of a conflict 
between the irrational passions of the 
child and reality represented by the par- 
ents and society. In such a concept it is 
the child who is the “sinner,’' and neurosis 
is the punishment, as it were. 

The concept of the Oedipus complex 
presented here is also part of a larger 
concept of neurosis. The cause of neurosis 
is seen in the conflict, not between man's 
irrational passions and the justified de- 
mands of society, but between man's 
legitimate striving for freedom and inde- 
pendence and those social arrangements 
which thwart it, creating destructive pas- 
sions which must in turn be suppressed by 
external or internal force. 

Whereas Freud assumed that the con- 
flict arising from the child’s incestuous 
striving is rooted in his nature and is thus 
unavoidable, I believe that in a cultural 
situation in which respect for the individu- 
ality and integrity of every person — hence 
of every child — is realized, the Oedipus 
complex will belong to the past, as does 
the Oedipus myth. 


Erich Fromm is a psychoanalyst 
and author of the books Escape 
from Freedom and Man for Himself. 



OEDIPUS DIES, and saves Athens, by entering the grove of the “ Awf nl 
Goddesses.” Fromm holds that the goddesses represented earlier matriarchal 
ctdtnre and that death of Oedipus was symbol of their victory in the play. 
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Uranium Pile in France 

T he first self-sustaining chain zeaction 
to be produced outside of the English- 
speaking nations, which have liitheito pos- 
sessed the “secret” of harnessing nuclear 
energy, has just been achieved by French 
physicists. Fiederic Joliot-Curie, director 
of the French Atomic Energy Commission, 
announced that a uranium pile went into 
opeiation last month at Fort de Chalillon, 
on the outskirts of Paris. 

The French pile has two unusual lea- 
tures: it uses heavy water instead of 
graphite as a model ator, and its rcacliiig 
material is not pure uranium but uianium 
oxide. To U. S. workers, who have taken 
great pains to refine the uianium used in 
their reactois. the ability of the Chalillon 
pile to sustain itself on impure uranium is 
something of a surprise Joliot-Curie indi- 
cated that France hopes to trade this “se- 
ciet” for “secrets” and uianium ore fiom 
other nations. 

The French physicists developed their 
pile in a little less than thiee yeais at a 
cost of three billion francs — far less than 
the cost of the U. S and British piles, 
Joliot-Curie stated that the Chatillon pile 
is to be devoted not to military pin poses 
but to the production of radioisotopes and 
to research on the harnessing of nuclear 
energy for heat and power. 

Blackett Book 

T he challenging and controveisial 
work by the British physicist Patrick 
M. S. Blackett, Military and Political Con- 
sequences of Atomic Energy f which was 
recently published in England, will be 
brought out in the U. S. next month by 
Whittlesey House under the title Fear, 
War and the Bomb, A February selection 
of the Book Find Club, the book is certain 
to receive considerable attention among 
scientists and laymen m the U, S. 

Blackett’s volume^ already widely dis- 
cussed on both sides of the Atlantic, pre- 
sents a detailed analysis of the atom 
bomb’s impact on war and politics, and 
sharply criticizes the U. S. proposals for 
the international control of atomic energy. 
Its author, winner of the 1948 Nobel prize 
,in physics, is a former member of the Brit- 



ish Government’s Advisoiy CommiUcc on 
Atomic Energy and was a Icadei in war- 
time tactical leseaicli. The impoitance of 
his book was emphasized by the fad that 
the day aftci it was published in England, 
the Biilish delegation to the LfN Atonuc 
Eneigy Commission issued a lefulalion ol 
his views. The U.S.S R , <ui tlic olhei hand, 
waimly applauded them flecenlly the 
book was vigorously aLlacked liy Fied- 
euck H. Osboin, U S delegate to the 
UN Atomic Eneigy Commission, m aiadio 
debate with Blackett in England 

Coldest Cold 

T he lowest tempeiatuK" evei atUuned 
in an Ameiican lalioiatory — .05 de- 
giees above absolute zeio— has been 
achieved at Ohio State Univcisily by a 
gioiip undei John G. Daunl. 

Ohio State's “coldest cold” is somewhat 
short ol the world recoul, .006 degiees ab- 
solute, achiev(‘(l at the IJniveisily of Lt^y- 
ilcn in tlie Kammt^ilingh Oiines Lahoia- 
lory, the world’s foremosi eeulei ol low- 
LemperaluKi lesearch. This ummikI is iiol 
expected to stand for long, Iiowt‘v<'r, Jlii'in* 
lahoiatories— -Ohio State, Ox fold and 
Leyden — aie all at woik on apparalus 
with whieli they expect to attain Icmpiua- 
tiucs of one millionth oL a degree absolute. 
Low-temperature icseaich, now an active 
field in the study of the stuictuic of mat- 
tei, is also being conducted in other lab- 
oratories. 

AM. A. Campaign 

A t least 55 million Ameiicans pay pail 
- or all of their medical or hospital hills 
through a prepayment scivice jilan oi 
some form of insurance. The Blue Cross 
hospital plan, which is sponsored by the 
Ameucan Hospital Association, now fui- 
nishes hospital seivices to 32 million sub- 
scribers. In the field of medical caie, on 
the othei hand, coverage usually takes the 
form of piivately written cash indemnity 
insurance The medical seivice plan spon- 
sored by the medical profession, called 
Blue Shield, is not widely popular, for its 
geogiaphical coverage is limited and the 
services it offers vary considci ably. 

Paul R. Hawley, former medical chief 
of the Veterans Administration and now 
chief executive officer of both Blue Cross 
and Blue Shield, proposed some months 
ago that the tw6 organizations set up a 
national corporation empowered to offer 
uniform hospital and medical service 
tliroughoul the country. He sought the 
support of the American Medical Associa- 
arguing that the corporation was 
needed to head off compulsory Federal 
health insurance, now considered a dis- 





linct possihilily as a lesiilt nl the Noveni- 
hei election 

I.ast month ihe A.M A House ol I)<'h‘- 
gates lelused to eiuloi se I)i I hiwley's ])lau 
and iclniked an A.M A agem'y. Asso- 
ciated Medical Caie Plans, loi Uiking pait 
in pieliiniiKiiy oigaiiizing activiii<‘s. The 
A M.A. olijccled to llic [)lan on ihc giound 
lhat the national coi[)ouUion iniglit Ix' m 
violation ol the aiilili usi laws I)i, llawli^y 
has announced liuil the eoiporation, whieh 
IS to be known us the blue Cioss-Rlue 
Shield Health S(‘iviee, will go for waul 
iK'veitlieless. 

The A.M. A. (lel(‘gal(‘s, on the ollu'r 
hand, aulhoiized a |25 asstrssnu'nl upon 
(‘ach ()( the A M.A 's MO,()()() inemlxus to 
raise a |3,50(),0(K) lund for an edinuitional 
campaign on “the advantage's ol (he 
Ameiican syslmn in si'cuung a wiih' dis- 
Liiluilitm of a high ([ualily ol medical 
cai(‘ ” The nuiniu'r in whhdi the lund is 
to I )(5 sp(‘ii( has not hiam indiealrxl. As a 
lax-(‘X(*mpl non-[nolil organi/alion, tin* 
A. Ml. A. is not p(‘uniHed lo engage in ao 
livily on hehalf ol or against pmrding 
legisltilion. 

School for Psychol licrapy 

A new lyixr of sehool inlt'irdi'd Irr ur- 
lieve the great stiorlugi! ol psycdiia- 
tiisls, of whom there aie only 4,000 in tin' 
LI. S., has lieen established in N(‘w York 
City by the non-profit Insiiiuti' for R(‘,- 
soarch in Psycliotheuijry. J'hi^ school, 
called the Poslgradualri Centr'i foi Psy- 
chotherairy, is training clinie,al teams of 
psychiatrists, psychologisls and psycliiat- 
lic social workers as slulTs lor ru'W clini(;s. 
Some of its conrses aie also open lo piae- 
tilioiieis in allied fields, sueli as leaidrers, 
social scientists and ministers, 

Agetie Prohibited 

W ITHIN a year, nitrogen inchloridr' 
gas, hettci known under the 1ra<le 
name of Agene, will no longer he used for 
bleaching bread flruu’. It is off the ih'W 
U, S. Food and Drug AdminisU alion list 
of approved wheal flour bleaches. 

Nitrogen trichloride has been the. most 
wid(dy used bleaching agoul for wheal 
flour for 25 years. In 1946 Sir Edward 
Mellanby, the English food clnunist, <lis- 
covered that Agene-lreated wlical is a neu- 
lological poison whicli in dogs causes 
“running fits,” a form of epilepsy, llis 
finding was quickly confirmed in llie IJ. S, 
and the substance was found toxic to sev- 
eral other mammalian species. No clear’ 
proof has yet been adduced as lo wlmllmr 
Agenized flour is or is not toxic lo human 
beings in the quantities present in the nor- 
mal American diet. Army Quartermaster 



CITIZEI 


Coips leseaichers hold that it may be re- 
sponsible foi the marked inciease m ulcers 
m the U. S during the past geneiation. 
The physiology t Anton J, Carlson of the 
University ot Chicago believes that it may 
be lesponsible lor other neurological dis- 
01 dels as well. 

About a yeai ago the baking indiistiy 
licgan to switch to othei chemicals loi 
bleaching and cuiing the yellowish, haid- 
to-bake wheat meal that comes from the 
flour mill Completion of the compulsory 
changeovei will take several nnmtly 


Giant of South Afr ica 

T he fossil lemains of a new man-ape, 
one of the largest evei found, have 
been uneaithed neai Johannesburg, South 
Africa. The find was made jointly by a 
Univeisity of California expedition and 
Robeit Broom, the discoveiei of the man- 
apes Plesianthiopus and Paianthiopus 
(SciENTiiac American, May, 1948) 

The new fossil has been named Swait- 
kians Man. Broom’s first leport gives no 
indication of the age ol the lemains. The) 
include a lowei wisdom tooth, two upper 
incisors, an uppei canine and a laige part 
of a lowei jaw wnth three piemoiars and 
foiii molais. The size of these teeth indi- 
cates that then possessoi’s weie heaviei 
and possibly tallei than Meganthiopus of 
Java, a monstei nine feet tall and two and 
a halt times as massive as modem man. 

Compaied with the Swaitkrans find, the 
other man-apes discovered m South Afiica 
were pygmies. The thi ee types in the fam- 
ily called the Austialopithecines — Taungs 
Man Ol Austialopithecus. Steikfontein 
Man 01 Plesianthiopus, and Kiomdraai 
Man or Paranthiopus — were only about 
foul teet tall 

New UNESCO Director 

J ULIAN HUXLEY, the Biitish biologist. 

has been succeeded as dnector-general 
of UNESCO by Jaime Torres Bodet, the 
46-year-old foreign minister of Mexico 
Bodet, who will hold office for six years, 
was elected by a 30-to-3 vote. He is a 
teacher and poet who published his fii'st 
works at the age of 16. Two yeais ago he 
won a world reputation for his biilliantly 
successful campaign against illiteracy in 
Mexico, built around the slogan “each one, 
teach one.” 


Meetings in February 

A MEPJCAN physical SOCIETY, 
. Berkeley, California, February 3-5. 
American Institute of Mining and Met- 
allurgical Engineers, San Francisco, Feb- 
ruary 14-17. 


INFMABEB IN ACTION 



A Perhn-Ebner Infrared Spectrometer in the Spectroscopy Labora-^ 
tor) of the Massachusetts Institute of Technology Its versatility- 
permits general application to fundamental and applied research 
problems in chemistry and physics 

THE INFRARED SPECTROMETER- 
A RASIC TOOL FOR ACADEMIC RESEARCH 

U NTIL RECENT YEARS infrared spectio meters weie to be 
found in only a few imiverMties in the woild However, 
the war needs loi concentiated lesearch and new production 
methods greatly bioadened tlie field of infrared applications. 
This development changed the status of the infiaied spec- 
trometer from a specialized lesearch apparatus to a standard, 
basic tool for a great variety of scientific work. 

In the Spectroscopy Lahoiatorv of the Massachusetts Insti- 
tute of Technology a Perkiii-Elraer infraied specliometei is 
used for fundamental lesearch on the structiiie of such 
molecules as cyclooctaletrene and tlie p)ndines Also, the 
spectroscopy gioup trains studeiils m instrumental analysis 
and provides valuable seivice to other depai tments for identi- 
fication and qualitative anahsis ol unknowns, and quanti- 
tative analysis of oigamc raixtmes. 

Thus the University — in fulfilling its reseaich needs and 
in training the scientists of tomorrow — finds inci easing 
application of the infrared spectiometer 

JfY will obtain spectra of samples to stiufy possible appli- 
cation of infrared methods to anahsis. Submit y our problems 
to The Perkm-Elmer Coip , Dept 72^ Glenhrook, Conn. 



MODEL ^2C INFRARED , ' ; 
SPECTROMETER 
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THE TROPOSPHERE, the, idroiiliar clojid formations, which seldom extend 

ex at the eartli’s surface,, is phptaferaph^d irphi. Aeto- , , ^oy^ 7 miles. The hazy edge of the curved horizon illus- 

flhrtvp. wiiite 'Saiildsi i^Ai'Relow are-': ^ ' ./'tralfea the.'atmosphere’s rapid thinning with altitude. 








Above the thin layer of dense air in ivhich we live 
is a great mantle of dispersed atoms and molecules 
swept by the ceaseless bombardments of outer space 


I N 1714 Edmund Halley of England, 
the foremost astronomer of his time, 
confidently observed : ‘‘The theory of 
the air seems now to be perfectly well un- 
derstood. and its different densities at all 
altitudes, both by reason and experiment, 
are sulEciently defined ’’ Halley's concep- 
tion was simple. He calculated that the 
earth's atmosphere was 45 miles high, and 
that the air became steadily thinner and 
colder toward the top until it merged into 
outer space. 

That, of course, was before radar, 
Geiger counters and V-2 rockets. We are 
now discovering that man lives on the floor 
of an ocean of air that is at least 2,000 
miles deep and of subtle complexity. Its 
upper layers, which shield the earth 
against powerful bombardments from 
outer space, are swept by titanic tides of 
air and by radiations which raise their 
temperatures to fantastic levels. 

For various reasons, largely military, 
the upper atmosphere is currently under 
most intensive investigation. Seldom has 
such a variety of scientific resources been 
brought to bear upon a single problem. 
Information about the upper atmosphere 
is being obtained from studies of meteors, 
comets, noctilucent clouds, auroras, the 
solar spectrum, radio waves, sound waves, 
the age of ancient rocks, the duration 
of twilight, the light of the night sky. 
Thus, although direct atmospheric meas- 
urements have been limited to some 20 
miles by plane and balloon and to some 
100 miles by rocket, the air seems now to 
be moderately well understood to a height 
of 500 miles. 

Halley’s calculations were based mainly 
on mountain climbers’ soundings of air 
pressure and on Boyle's law, namely, that 
the volume of a gas varies inversely with 
the pressure to which it is subjected. 
Halley also cited as supporting evidence 
his observation that most meteors ap- 


by David I. Bliimenstock 

peared at heights of about 45 miles; he 
accepted Aristotle's notion that meteors 
were formed from vapois that rose from 
the earth and condensed at the ‘’top of the 
atmosphere.’' Halley's assumption that air 
pressuie and temperature decreased uni- 
formly with rising altitude seemed to be 
confirmed by later probings of the atmos- 
phere by kite-flyers and balloonists, who 
by the early 19th century had leached 
heights of 20,000 feet and more. (Strange- 
ly, not until 1892 did it occur to anyone to 
send up an unmanned balloon equipped 
with instruments.) 

The Three Shells 

The modern understanding of the at- 
mosphere began in 1898. when the French 
meteorologist Leon P. Teisserenc de Bort 
divided the air into two shells: 1) the 
troposphere (from the Greek, tropos, oi 
turn ) , meaning the stirred-up lower por- 
tion, and 2) the stratosphere, the layered 
upper atmosphere Twenty years later 
Arthur Edwin Kennelly of Harvard Uni- 
veisity and Oliver Heaviside of England, 
by studying reflected radio waves, proved 
the existence of the ionosphere, a region 
of ionized aii particles above the strato- 
sphere. 

The troposphere, which is not really a 
sphere but an oblate spheroid, ranges in 
height from ten miles at the equator to 
five miles at the poles. This shell, closest 
to the earth, constitutes less than one 
third of one per cent of the total volume 
of the atmosphere, but its densely packed 
molecules account for more than 79 per 
cent of the total air mass. The strato- 
sphere, extending from the top of the 
troposphere to a height of about 50 miles, 
represents less than two per cent of the 
atmosphere’s volume and about 20 per 
cent of its mass. Above the stratosphere, 
the huge, rarefied shell of the ionosphere 


rises to 2,000 miles or more. Although it 
occupies more than 97 per cent of the at- 
mospheric space, It accounts for less than 
half of one per cent of the air mass. Its 
gas particles, 10 million times rarer on 
the average than the an at the surface 
of the earth, are more wudely spaced than 
in the best vacuum ever obtained with a 
laboratory pump. 

The principal interest of the present 
research is, of course, in the stratosphere 
and the ionospheie, which together are 
considered to constitute the upper atmos- 
phere. It is convenient for discussion to 
divide the upper atmosphere into two 
regions: that below 500 miles, which is 
relatively well known, and that above 500 
miles. 

Gases in the Atmosphere 

Of what IS the atmosphere composed? 
Recent analyses have determined the tro- 
posphere's composition rather accurately. 
By volume, 99.99 per cent of dry tropo- 
spheric air is composed of just four gases, 
of which nitrogen constitutes 78 09 per 
cent, oxygen 20.95, argon .93, and carbon 
dioxide .03. The other one hundredth of 
one per cent is made up of neon, helium, 
krypton, hydrogen, xenon, radon and 
ozone (oxygen containing three atoms to 
the molecule). Because of the vigorous 
mixing of the air in the troposphere, the 
proportions of these various gases are re- 
markably uniform in samples of air taken 
everywhere on the earth. 

There are, however, wide and important 
variations in other components of the air. 
Water vapor, for example, vanes from 
four per cent by volume in the air over- 
lying tropical oceans to .05 per cent or less 
at the top of the troposphere ; the higher 
air is inevitably drier because rising water 
vapor is cooled and precipitated as rain, 
snow, sleet or hail. In addition to water. 










NOCTILUCENT CLOUDS are a liigli, extremely rare formaLion that pro- 
vides some information about the upper atmosphere. The altitude of noc- 
tilucent clouds is generally between 50 and 55 miles. This photogTaj)h was 
madencarinidmghtfromDrobak,Norway,by the astrophysicist CarlStormer. 



MOTHER-OF-PEARL CLOUDS, photo^aphed from Oslo by Stormer, are 
seen at 13 to 18 miles. Because the temperature at this height is low, they 
are probably composed of ice crystals, No<^tilucent clouds, hoWeiver, are at 
Ireights where temperatitre is high. They be made up of dust particles. 


the lowei atmosphere also has vaiiahle 
amounts o[ dust, hactcuia, (‘uihon pai ti- 
des and otlier material lhal is blown up 
iioni the eaitlfs surtaec. Although these 
imjmiiljcs toim only an insigni (leant pio- 
poilion of the aii by weight or volume, 
they have a most impoilan! elTecl on the 
wcalliei, for they piovide nudei for the 
coiuleusation of watei. They may also 
dull into the uppei atmospheie and help 
to foim the high stiatospheiic clouds 
thei e. 

Fai difleient is the composition of the 
uppei atmospheie. Its piincipal iugiedi- 
eiits aie still nitrogen and oxygen, l)ut 
theic aie sigiiihcant changes in the lesser 
gases Two excellent illustrations are ra- 
don and ozone. Radon, a piodlicL of the 
dceoniposition of ladiiim, originates from 
radioactive locks on the caith. As the 
heaviest of the atniospheiic gases, seven 
limes as heavy as diy air, it lends to settle 
at the bottom of the atmospheie, moreover 
it is ladioactive, and so is apt to disinte- 
grate hefoie it can be blown up to high 
levels. Hence radon has nevei been limiid 
in the uppei atmospheie. 

Ozone, on the other hand, oiiginates in 
the upper atmospheie; it is cicaled in the 
lower sliat(>sphcie by ihe aclion ol the 
sun’s ulti aviolcl light on niolccii hu oxygen. 
As il descends iiilo the liopospheie, it he- 
c.onics disHocialcd again into ordinary 
molt‘cular oxygen Ozone, theiefoie, is 
relatively raui al gioniid level, hut in- 
creases wilh highet alliliide 

The dislributioii of ozone in the air has 
been measuied with coiisuleralile acein aey 
by methods involving the ahsorplioii of 
light liy the gas. These methods are based 
on the piincipie that ozone ahsoilis some 
wavelengths of light strongly and others 
weakly. If light lhal includes both kinds 
of wavelengths passes thiougli a ihm layer 
of ozone, a wavelength that is only weakly 
absorbed will come llu'ougli with much 
less impaiinient than one .stiongly ab- 
sorbed. If such light goes ihiough a thick 
layer of ozone, the absoiption of the two 
wavelengths will lie more ncaily equal — 
just as thick aimor plate slops a high- 
speed Inillet as well as a low-speed one. 
By measuring the differences in alisorp- 
lion by ozone of such pairs of wave- 
lengths, the amount of ozone in the aii can 
be detei mined. One method uses the light 
fiom the sky overhead toward sunset. This 
light reaches the earth by a dog-leg loute 
from the setting sun: the sun’s light fol- 
lows a long, slightly curved path to ihc sky 
ovei the observer, then zigzags down- 
ward to the earth thiough the atmosphere. 
As the sun sinks lower and lower toward 
the horizon, the region from which most 
of the overhead light comes is at higher 
and higher levels. Thus the first section 
of the dog-leg route rises and provides a 
moving yardstick for measuring ozone 
absorption at successive levels. 

These measurements have established 
that there are appreciable amounts of 
ozone in the air at altitudes of from one 





to 30 miles, 60 pei cent of it is concen- 
tiated in the legion fiom 10 to 20 miles. If 
all the ozone in the atniosphei e were con- 
centrated m one puie layer at sea-level 
pressuie. it would form a film over the 
earth (mly about one tenth of an inch 
thick Yet this small amount plays a large 
role. As a powerful absorber {)f solar la- 
diation. ozone heats the stratospheie to 
much higher temperatures than those m 
the tropospbeie. The fact that the ozone 
content of the troposphere varies with sur- 
face air piessure may prove helpful in 
weathei forecasting. It may also be sig- 
nificant that the ozone layei is thicker and 
lowei at the poles than at the equator and 
that the ozone content of the air is greatest 
in spimg and least in autumn. 

As for otbei gases, it appears unlikely 
that the upper atmospheie contains any 
xenon or krypton, both of which aie con- 
siderably heavier than air; it can have 
only tiaces of caibon dioxide, argon and 
neon, all of which are extiemelv raie e\en 
at sea level. 

Helium 

The piincipal unansweied question is: 
How much helium exists in the upper aii ? 
The gieat height of the atmospheie aigues 
that Its uppei levels aie filled with some 
very light or hot gas Does helium become 
more and moie common at high levels? 

This question has been studied by spec- 
troscopic analysis of the absoiption and 
emission of light by the vaiious gases in 
the atmosphere. Each gas, of couise, pio- 
vides a fingerprint of itself by its charac- 
leiistic absoiption of light at ceitahi wave- 
lengths. Examination of the absoiption 
spectra of the upper an shows no evidence 
of helium. This is not conclusive, however, 
for other known constituents of the air, 
notably iiitiogeii, also lad to produce ab- 
sorption spectra, eithei because they do 
not absorb strongly at the temperatures 
that exist in the upper atmosphere, or be- 
cause they absoib at short ultraviolet 
wavelengths where they are masked by 
the bxoad absoiption bands of ozone in 
the same region. 

Emission spectra — the identifying ra- 
diations emitted by each gas when its mol- 
ecules or atoms aie excited — have yielded 
more significant information. They are 
obtained from auroras and from the faint 
light given off by the night sky. The 
auroras are produced by the excitation of 
the upper an by corpuscles emitted from 
the sun. Because the corpuscles are 
charged, they aie swerved by the earth’s 
magnetic field and swarm toward the two 
magnetic poles. Thus the auroras are usu- 
ally seen at far northern or southern lati- 
tudes. By means of simultaneous photo- 
graphs from two or more places, the 
auroral displays can be located in space, 
and they have been found to extend up to 
400 miles above the earth. Although their 
spectra show abundant evidence of nitro- 
gen and oxygen in the upper atmosphere. 


they exhibit no sign of helium The night 
sky spectrum (which, incidentally, shows 
the emission line of atomic sodium, the 
presence of which in the upper atmos- 
pheie has not been explained) also fails 
to show helium 

These observations do not lule out the 
presence of helium, for it is still unknown 
whether the electromagnetic field in the 
amoral legions is strong enough to excite 
helium atoms so tliat they emit light 
Nevertheless the weight of the evidence 
indicates that the uppei atmosphere, at 
least up to a height of 500 mdes, consists 
predominantly of oxygen and nitrogen at 
high tempeiatures. a condition winch 
would account foi the height of the atmos- 
phere as well as would helium 

If this IS the case, what has become of 
the vast quantity of helium that has been 
fed into the atmosphere by the breakdown 
of radioactive elements in locks durm**; 
the millions of years of geological time? 
It has been calculated that during its life- 
time the earth’s crust has released more 
than 12 times as much helium as now ex- 
ists in the atmosphere, even assuming that 
the ionosphere above 500 miles is nothing 
but pure helium. The only possible expla- 
nation is that helium is constantly escap- 
ing fiom the outer atmosphere into intei- 
planetary space The velocity of helium 
atoms even at moderate temperatures is 
gieat enough so that at heights of many 
thousands of miles huge numbers of he- 
lium atoms could escape from the earth’s 
gravitational field. 

The same holds true for hydrogen In 
the lowei atmosphere only the barest 
tiaces of this gas exist — a mere .00005 of 
one per cent by volume, according to 
measurements by the British chemist F A. 
Paneth. If helium escapes from the atmos- 
phere, hydrogen must do so at a very much 
fastei rate, for the hydrogen molecule is 
lighter and speedier than the helium 
atom. It is most unlikely, therefore, that 
the upper atmosphere contains any ap- 
preciable amount of hydrogen. This con- 
clusion IS =5upported by certain laboratory 
experiments in which auroral spectra have 
been reproduced. It was found that even a 
trace of hydrogen suppi esses the after- 
glow that is characteristic of auroral 
emission. 

Clouds 

Nearly all of the clouds in the sky, even 
the high, wispy cirrus clouds and the tow- 
ering thunderclouds, lie wholly within the 
troposphere- But there are two kinds of 
clouds that do belong to the upper atmos- 
phere. One is the mother-of-pearl clouds, 
so called because of their shiny, banded 
coloring. They have been observed in 
northern latitudes, notably over Norway, 
at stratospheric levels of 13 to 18 miles. 
Because temperatures at these heights are 
veiy low, the cloud particles probably 
are ice or supercooled water droplets. 
These clouds may be formed by a welling 


up of tropospheric air that thrusts small 
amounts of moistuie into the stratosphere. 

The othei type is the noctiluceiit clouds 
that 'sometimes appeal at the top of the 
stratospheie after sunset, shining in the 
western sky fiom the reflected light of the 
sun. These clouds may be composed of 
dust particles lather than water, because 
the temperatures at the top of the strato- 
sphere seem to be too high to permit the 
existence of watei or ice molecules at the 
low pressures prevailing theie. 

From all this wide vaiiety of evidence, 
the uppei atmosphere is deduced to be 
made up almost entirely of nitrogen and 
oxygen, with some ozone, small amounts 
of helium, and traces of nitiogen pentox- 
ide, neon and atomic sodium. Above 100 
miles, as the lesiilt of dissociation by ultra- 
violet light, all of the oxygen and at least 
part of the nitrogen exist m the atomic 
rather than the molecular form. And the 
evidence of spectrographs and the refiec- 
tion of radio waves shows that, at least in 
the lower ionosphere, the oxygen and ni- 
tiogen particles are largely ionized. 

Temperature and Density 

Thirty years ago the prevailing con- 
ception of the tempeiature and density 
of the atmosphere was still much like 
that constructed by Halley. It was gen- 
eially thought that temperatuie dropped 
steadily through the troposphere, re- 
mained about constant thiough the strato- 
sphere, and then decreased nearly to 
absolute zero in the outer i caches of the 
atmospheie. There weie one or two 
puzzling contradictions that did not fit 
into this simple picture A cold atmos- 
phere is a shallow atmosphere, and it is 
therefore extremely rare at great heights. 
It seemed stiange that such a rare upper 
atmosphere would provide enough air par- 
ticles to pioduce auioras to heights of 400 
miles and to form strongly marked ionized 
layers at heights of 100 miles and more. 
But too little was then known about 
auroras and ionized layers to challenge 
the prevailing theory. 

Thirty yeais of research since then have 
entirely changed our understanding of the 
atmospheric profile. It is now fairly well 
established that the upper atmosphere 
ranges from warm to hot, with at least 
two zones of extreme rises in temperature 
and two of precipitate drops. The pioneer- 
ing studies that had most to do with form- 
ing this picture were those on the peculiar 
irregularities in the propagation of sound, 
and those on the behavior of meteors* 

Skipping Sounds 

During World War I it was often no- 
ticed that the sounds of explosions seemed 
to travel in hops. A specific explosion 
might be heard at 30 miles and at 60 miles 
from the point of detonation, but not in 
the areas between. When the areas of au- 
dibility for a given explosion were plotted 
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P^^ICIPAlj FEATUBES of tlie lower part of tlie up- 
per atmpEplx^re ate shown in four profiles on these two 
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^ ^hh^ meteors appear (50-8Q ipiles) and dis- 
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LITERAL EXPLORATION of the atmosphere has 
thus far been limited to a few low-altitude excursions* 
Rockets have penetrated the ozone layer (see third pro* 
file from left) to reveal important information about 
the ultraviolet radiation entering the upper atmosphere. 
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DISTRIBUTION OF GASES according to altitude 
shows much variation when entiie atmosphere is con- 
sidered. Heavier gases tend to concentrate at lower lev- 
els. Ozone layer is indicated by Oa- Accepted informa- 
tion is indicated by black arrows; tentative data in red." 


THE IONOSPHERE is a vast shell of gas atoms and 
molecules ionized by radiations bombarding the earth 
from space. These charged atoms and molecules reflect 
radio waves. Longer waves are most easily reflected; 
higher frequencies tend to penetrate ionospheric layers. 
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AURORA POLARIS is caused when a great stream of charged particles 
emitted hj the sun enters the upper atmosphere of the earth. The atoms 
and molecules of gas in the almosplicre arc thus excited to emit liglxl. 



on a map, they foimed a banded paUern 
in Hie shape of a set of eoncentiic lings; 
ungs or zones of aiuhbiiity alleinaLed 
with zones in which llic sound was inn 
heard at all. Clearly the sound wavi‘s weie 
moving ouLwaid fiom the somce in loo])- 
ing jumps, like a stone skipping acioss a 
pond 

The obvious explanation was that the 
sound waves were bouncing back an<E 
loiHi between ihe earth and the loof 
foimed by the uppei atniosphei c. But how 
could the cold uppci aii bend the waves 
Jiack lowaid the eaith? It was known that 
the velocity of sound deci eased with de- 
cieasing temperdLiuc oi the au. If the air 
liecame steadily coldci as a sound wave 
rose diagonally fioin the gioimd, then the 
iipjiei [laiL of the sound-wave fiont, being 
in coldei air, should tiavcl moie slowly 
than the lower pail, and the wave would 
pivot and be lieiu upward, not downwaid. 

There were iwo possible ways of ac- 
counting for a sound wave’s licing Iient 
downwaid. One was to assume that llie 
wave encountered a layei containing a 
veiy light gas such as hydrogen oi helium. 
Since the velocity of sound increases with 
tJie deci easing iiioleculai weight of air, 

I he lighter gas on the ujiper side of the 
wave would serve to speed up that pari 
and [HVo( ihe wave downwaid. To proiluec 
lh(' anuuml of downwaid bending llial was 
oliservcd, liowover, hydiogtiu or lielium 
would have to const itutc at least 25 per 
cent of the slratospheiic air. All the evi- 
dence denied such an assumplion; foi one 
thing, if there wcie so much hydrogen or 
helium in the stratosphere, there would lie 
a much higher percentage of lliose gases 
in the lower atmosphcie than had over 
been obseived. Meteoiologisls weie tbcie- 
foie compelled to accept the othei ex- 
planation: that the waves weie bent 
downward by regions of high temperatuic 
in the stralospheie. 

As a sound wave lises fi om its source 
it is first luined upward l)y the incieasing- 
ly cold ail of the lioposphere. This ac- 
coimls for the first skip, i.e , the zone on 
the gunmd in which the .sound cannot be 
lieard. When the wave leaches the wanner 
an of the sUatosphere, it is turned back, 
and thereafter it bounces between the 
ground and the stratosphere ovei a widen- 
ing region until its energy is reduced to 
inaudibility. 

Calculations based on the bounces of 
the sound waves placed the reflecting, 
lugb-tenrpcialLire region in the strato- 
sphere at a height of roughly 25 to 40 
miles. The next step was to define the re- 
gion and compute its temperatures by 
means of more piecise experiments. One 
of the most successful experiments, con- 
ducted by F. J. W. Whipple m England, 
used an extiemely sensitive special micio- 
phone to detect the reflections of sound 
waves, to define the zones where they weie 
received on the ground and to determine 
their angle of arrival. Whipple’s careful 
experiments and those of other invest!- 


gatais sliowe^l that m the upper strato- 
sphere tempeiatures rise 'vvith increasing 
altitude fiom 15 to 30 miles and reach 150 
degiees F at the 30-niile level. 

Meteor Tiacks 

Approximately the same findings had 
been made even earlier as the result of 
studies of meteors by F A Lindemann 
and C. AI B. Dobson of Oxford Uni\er- 
sity. They reasoned that upper atmosphere 
densities must be i elated to the behavior 
of these tiny objects, most of them no 
bigger than a pinhead, which appear sud- 
denly m the lower ionospheie and pro- 
duce a long, bright trail across the sky. 

The minuscule meteoi itself is in\isible 
Whizzing through the atmosphere at tre- 
mendous speeds, up to 60 miles a second 
or more, it leaves a cone-shaped tram of 
incandescent vapoi which may remain 
luminous for many minutes. Ordinary air 
could not retain an incandescent tempeia- 


nieteor Not until this cap is heated to a 
high temperatuie and passes its heat to 
the meteor itself does the meteor begin to 
\apoiize This is the stage at which the 
meteor makes its appearance, what the 
observer sees is the incandescent aii cap 
and the trail of hot vapoi 

If this theory is correct, when the speed 
and height of a meteor are known one 
can estimate the density of the air at the 
levels at which the meteor appears and 
disappears. On the basis of observations 
of se\eral hundred meteors. Lindemann 
and Dobson estimated that the atmospheie 
from 40 to 100 miles up must be more 
than 1,000 times densei than was pievi- 
ously supposed, and that the temperature 
111 this region must be at least 80 degrees 
F Their estimate was confirmed b\ sev- 
eral kinds of independent evidence, in- 
cluding the fact that at the lowest speed 
at which meteors have been observed (12 
miles per second), the temperatuie of the 
air must be at least 80 degrees to vaporize 



SPECTRA OF SUN made from V-2 rocket graphically demonstrate ultra- 
violet cnt off by ozone layer. Spectra, from top, were made at heights of 1.. 4, 
10, 15, 20 and 35 miles. Short ultraviolet w^avelengths are to the right. 


tuie foi any such length of time It is likely 
that the meteor ionizes and dissociates the 
air molecules, creating energized particles 
which continue to radiate long after the 
meteor itself has disintegiated. 

Meteors usually are first seen at from 
50 to 80 miles above the earth and disap- 
pear in the legion between 10 and 50 
miles. Wheie do they come from? Why 
are they visible only in this specific por- 
tion of the atmosphere? And how can 
such tiny objects travel scores of miles 
before vaporizing? Lindemann and Dob- 
son reasoned that the meteors shoot into 
the atmosphere from interplanetary and 
interstellar space at such enormous speeds 
that the i datively few air particles they 
strike m the thin outer atmosphere radi- 
ate their tremendous energy almost in- 
stantaneously, and so do not have time 
to pass on that energy to other panicles to 
form a luminous trail. As the meteor de- 
scends into denser air, more and more air 
particles pile up in front of it. They form 
a cap of compressed air ahead of the 


them. Curiously, Lindemann and Dobson 
found that there was a certain zone, from 
30 to 35 miles above the earth, m which 
very few meteors disappear. This may be 
explained by assuming that at about this 
height the meteoi s encounter colder air 
and so are less likely to burn out. 

The Lindemann-Dobson theory has been 
challenged, but both their theory and their 
conclusions have stood up remarkably 
well since they were first propounded more 
than 25 years ago. Moreover, many other 
lines of research, besides those on meteors 
and sound waves, have supported their 
concept — research that has to do with the 
tides in the atmosphere (which, like the 
oceans, is subject to the pull of sun and 
moon) , with the duration of twilight, with 
reflection of radio waves, and with the 
spectra of the night sky and auroras. 

The Profile 

It is now possible to construct tempera- 
ture and density profiles of the atmosphere 


that are highly accurate to a height of at 
lea-^t 20 miles and founded on much le- 
liable evidence for the highei regions {see 
chart on pages 34 and 35), In the middle 
latitudes of the Noitliern Hemisphere, the 
temperature falls fiom a mean of 50 de- 
grees F. at giound level to 55 degiees be- 
low zeio at the top of the tropospheie; 
stays at that level in the lower '^tratospheie 
to 20 miles, iLes in the legion between 
20 and 30 miles; drops back to 28 degrees 
below zeio at the top of the stratospheie 
(50 miles I; and then, as the result of 
ionization in the lowei ionospheie, rises to 
a scoiching 2,800 degrees m the 300-to- 
500-mile zone. 

^lost of the investigations of the atmos- 
phere have been made in the middle 
noithern latitudes, and therefore rela- 
tival) little IS known about the higher air 
over the Southern Hemisphere and the 
equatorial legion. There must be distinct 
differences in the profile from latitude to 
latitude because of the varying height of 
the tioposphere, diffeiences in the intensi- 
ty of sunlight, variations in ozone content, 
the influence of the great southern oceans 
and of the very cold Antarctic continent, 
and so on 

Paradoxically, in the troposphere the 
lowest temperatures occui not over the poles 
but above the equator, where the tempera- 
ture at the top of the lowei atmosphere 
averages 100 degrees below zero The 
chief leasoii for this is that the veitlcal 
air cunents at the equator ascend to gieat 
heights so the aii cools greatly by expan- 
sion; near the poles the air movement is 
mainly downward and the an is warmed 
by compression. Another reason is that 
ozone, which li? ‘^tiongly heated by ultra- 
violet rays from the sun, is moie abundant 
over the poles than over the equator. 

Tlie lonospliere 

The most fascinating of all the re- 
gions in the upper atmosphere is the tur- 
bulent, highly charged ionosphere. The 
ionospheie is the earth's fiontiei with 
outei space, Lfpon this buffer region falls 
an immense electromagnetic cannonade: 
light rays, ultiaviolet and infrared radia- 
tions, radio waves and corpuscular streams 
from the sun, similar radiations from 
other stars, cosmic rays from interstellar 
space beyond the solar system. All these 
impacts produce a great variety of effects 
on the molecules and atoms of the upper 
air. The ultraviolet ladiations, for exam- 
ple, knock electrons from the air particles, 
split molecules into atoms and leave ion- 
ized molecules and atoms. Cosmic rays, 
shooting into the nuclei of air atoms at 
huge energies, produce a vast, energetic 
debris which cascades down through the 
atmosphere, creating powerful secondary 
showers. 

Approaching the earth, all these incom- 
ing radiations encounter not only an in- 
creasingly dense mass of air molecules, 
but the earth’s magnetic field. The charged 


radiations fiom outer space and the ion- 
ized particles they produce are strongly 
deflected by the terrestrial magnet In- 
deed, it was through the observation ol 
changes in the earth's magnetic field that 
the charged layers in the ionosphere were 
first discovered. The British researchers 
Balfour Stewart and Arlluii Shuster 
noticed that the magnetic field showed 
daily variations in intensity that could not 
be explained by changes m the earth it- 
self. They concluded that these variations 
must be caused by electiical ciinents m 
the upper air, and that the daily cycle 
was due to day and night differences in 
the number and distiihutionof ionized par- 
ticles in the charged atmospheric layers. 

Tins conclusion was confirmed by the 
later studies of radio waves. There are 
distinct differences in the reflection of 
radio waves from the upper atmosphere 
by day and by iiighl. Radio waves, as is 
now known, are reflected from the iono- 
sphere m a manner analogous to the 
reflection of sound waves from the strato- 
sphere. When a radio wave enters the iono- 
sphere. it induces a cm rent among the 
charged air particles there The upper 
part of the wave front, being in a more 
highly charged aiea, is speeiled up; thus 
the wave pivots and is bent downward. 
The resulting bounces of the radio wave 
between the ionosphere and the ground ac- 
count for the reception of radio signals 
around the curvature of the earth. Because 
the annurnt of current induced among the 
ionized particles depends on the wave- 
length of the radio impulse, there are va- 
riations in the bending of such waves; 
very short radio waves normally are not 
reflected back to the earth and hence they 
cannot be transmitted beyond the horizon. 

Measurements of the height and amount 
of bending in radio waves of various fre- 
quencies make it possible to determine 
the height of the charged layers in the 
ionosphere and to estimate their thick- 


height and thickness of the layers vary 
witli the daily, seasonal and long-leirn 
solar radiation cycles. The E and layers 
are most sharply defined at the times and 
places of maximum solar radiation; i.e., 
within the tropics, particularly at noon, 
and at noon of the summer solstice out- 
side the tropics. Ionization ol these layers 
also increases in periods ol sun-spot 
activity. 

The F ^ layer seems to be a special case ; 
dining the summer it has a double daily 
maximum, morning and afternoon, and its 
seasonal peaks occur at the equinoxes 
There arc marked fluctuations in the 
strength of this layer from day to day. 
Apparently it is strongly affected by mag- 
netic storms. These storms, which spas- 
modically sweep the upper atmosphere, 
are caused chiefly by solar eruptions that 
produce sudden buists of intense ultra- 
violet radiation, radio waves, or corpuscu- 
lar streams. These electromagnetic up- 
heavals obviously have a powerful, some- 
times completely disruptive, effect upon 
radio communications on the eaitli. 

There is evidence tliat the uppei atmos- 
pheie is also stiiied liy gales fai more 
violent than any in the liopospiieie. In the 
lower sLialospbcre, Iree balloons liacked 
by radio have shown wind vidocilies a[)- 
proaching 200 miles pei hour, and the 
motion of noctiluecnt (;louds at the lop of 
the slralosplicie indicates 400-m.p li. 
winds there The middle straUisphere is 
quietei ; obseivalion of lire wind-tossed 
tracks of meteors in that region shows 
that the winds, predominantly easterly, 
range from 65 to 170 in.p.h. The winds of 
the lower stratosphere m high northern 
latitudes are generally westerly in win- 
ter, easterly in summer. Little is known 
about the winds of the ionosphere, but the 
extremely wide daily temperature ranges 
produced there by solar ionization must 
result in vigorous vertical an cm rents. 


ness. These measurements also indicate 
the density of free electrons, and there- 
fore the temperature, at various levels. 

The Layers 

The calculations show that there are 
two principal reflecting layers: the so- 
called E layer at 60 to 70 miles and the 
much thicker F layer (actually composed 
of two separate layers known as and 
F 2 ) at 120 to 200 miles. Two lesser layers 
have also been identified: an intermittent 
D layer at 35 to 40 miles and a high G 
layer somewhere above F. None of the 
four layers is sharply defined; each simply 
represents a region of maximum ioniza- 
tion. It is thought that the E layer may be 
produced by the ionization of molecular 
oxygen, the F^ layer by ionization of 
mplecular nitrogen, and the Fg layer By 
ionization of atomic oxygen. ^ 

V Ipecahst^e energy for ibhization conies 
ultraviolet radiation^ the 





The Outer Regions 

The atmospheie above 500 miles is still 
an iinplumbed mystery. Beyond 500 miles 
there are no auroral lights, reflecting lay 
ers or other clues to help the investigator 
But physical reasoning and theory and 
astronomical observations offer some 
guidance. 

It is known that this outer atmosphere 
must be extremely rarefied; by the mosi 
conservative estimate it is less than one 
billionth of the total atmospheric mass 
Any estimate of the height to which it ex 
tends depends in part on the definition 0 : 
the atmosphere. One approach is to de 
fine the top of the atmosphere as ai 
equilibrium surface analogous to that 0 ; 
a liquid in a closed container. The nel 
loss of molecules from such a liquid i' 
zero, because the number of molecule! 
evaporating from the liquid into the over 
l^g Saturated air is exactly balanced b] 
I the phmiber returhing to the liquid fron 
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the air By analogy, it is possible to pic- 
luie the top of the atmospheie as a sm face 
at which the escaping air pa? tides are 
balanced by incoming particles ol inter - 
stellar gas. 

Sir James Jeans, Lyman Spitzer and 
other astronomer s have estimated that the 
temperature of the interstellar gas is fi om 

18,000 to 27,000 degrees F. Assuming tint 
the temperature of the atmosphere in- 
creased from the F layer upward at a 1 ate 
inversely proportional to ihe square ol tlu^ 
li eight, that the an panicles at the lop of 
the atmospheie were at a leinpeialme ol 

18.000 degiees, and that they consisted, 
like the ml ei stellar gas, almost wholly 
oJ ionized aloinic hydrogen and free elec- 
trons, G. Giimmmger of the Douglas Air- 
craft Company has calculated dial the 
height of the atmosphere would be about 

16.000 niilcb. II the outer atmosphere is 
assumed to consist of atomic nitiogen, 
similar calculations would give it a height 
ol about 6,500 miles. Compulations based 
on other gases give height values between 
6,500 and 16.000. 

An outer atmosphere of hydrogen, as 
has liecn poiiUed oul, seems highly un- 
likely, ior a! a lemperatuie of 18,000 de- 
gri'cs the speedy hydrogen atoms would 
zip off mlo space. Atomic nitrogen 01 
atomic oxygen, however, would be held 
by the earth’s gravitational field at height-, 
of 16,000 miles and beyond. Still, the 
evaporation analogy or eijuililn'ium ap- 
proach is not entirely satisfactory as a 
means of calculating the height ol the at- 
mosphere, for it ignores the likelihood of 
dissipation of the outermost almosplierc 
through the escape of exceptionally 
speedy individual particles. The atmos- 
plicie is so rare above 500 miles tliat par- 
ticles often travel Imndicds or thousands 
of miles before being checked by collision 
with other particles. Thus the chances are 
high that individual panicles may curve 
off into outer space without inter for cnco. 
The calculations of maximum hciglu of 
the atmosphere are liased on average par- 
ticle velocities, but if it is assumed that the 
velocities of individual particles are not 
uniform — the usual condition m gases — 
some of the pai tides might be above the 
critical escape velocity. Because of their 
escape, the height of the atmosphere 
would be less than calculated. 

A belter approach to this problem has 
been suggested liy the British cosmologists 
E. Arthur Milne and Sir James Jeans. 
They reasoned that at great heights a 
critical level must be reached where the 
frequency of collisions between particles 
is so low that foi all practical purposes it 
is zero. At this level and above, the par- 
ticles would move as fiee bodies in a gravi- 
tational field. Those starting upward 
would be unchecked and would leave the 
atmosphere whenever their velocity was 
greater than the escape velocity. The ve- 
locity of a particle would depend on its 
composition and temperature. If these 



two factois were known — or assumed — 
the nature and height of the atmosphere 
above the critical level could be com- 
puted on a basis of statistical probability. 

Following this line of reasoning, Giim- 
minger has constructed a model for an 
upper atmosphere composed of atomic 
nitrogen and atomic oxygen. He placed 
the critical level arbitrarily at the stage 
where the mean collision frequency is one 
collision per paiticle each 20 minutes. 
Starting with the known tempeiature in 
the F 2 region at about 180 miles (com- 
puted from ladio-refiection measure- 
ments), and assuming that the tempera- 
tine inci eases at a rate inversely propor- 
tional to the squaie of the radial height, 
he calculated that the ciitical collision 
level IS reached at a height of 391 miles 
at the 45 degree northern latitude. Above 
this le\el the temperature stabilizes at 
2,839 degrees F, and the particle density 
decreases at such a rate that at 5,500 miles 
theie are only two particles per cubic mile. 

Temperatuie has a different significance 
in the rare upper atmosphere than at sea 
level A space ship in the hot upper at- 
mosphere would not be warmed by the 
ail ; there would be too few air particles 
sti iking the ship to speed up the mole- 
cules in Its hull. The ship could gain or 
lose heat only by ladiation, “Tempera- 
ture” in the lonospheie is simply a meas- 
ure of the speed of the particles of which 
it is composed. 

Grimmiiigei’s calculations are admit- 
tedly appioximate and involve a number 
of simplifications (for example, they do 
not allow for the intrusion of interstellar 
gas pal tides in the uppermost atmos- 
phere). Above the 1,000-mile height, his 
estimates are at best a guess But for the 
regions between 500 and 1,000 miles his 
results are probably of the light order of 
magnitude, if his assumption of an atmos- 
phere of atomic nitrogen and oxygen is 
correct. Giimmingei’s analysis was made 
for the purpose of assisting in the design 
of rockets to be shot to the 500-to-l,000- 
mile levels 

The immense outer atmosphere offers 
an immense and exciting area for explora- 
tion. Is the upper atmosphere constantly 
invaded by great quantities of interstellar 
gas — a possibility suggested by the fact 
that sodium ions, which are known to be 
present in such gas, have been detected 
in the night sky spectrum? What effects do 
the turbulences of the upper atmosphere 
produce on the weather of the troposphere 
in which we live? These and scores of 
other problems are being investigated. 
From rocket flights and from the kinds of 
indirect evidence by which we have de- 
rived our present knowledge, we shall cer- 
tainly learn a great deal more about the 
upper atmosphere in the next few years. 


David L Blumenstock is a meteorolo- 
gist and an executive of the Navy Elec- 
ironies Laboratory at San Diego, Calif, 



TRAIL OF A METEOR yields information about the upper atmosphere 
because it is largely made up of incandescent atmospheric gases. Camera is 
pointed toward the pole star. Stars left curved paths during time exposure. 




ORNATE DECORATION appears on the firfet and solid loci. TJiis pi events FeiHialV independ- 
page of Picirc cle Fermal's Inti oductioii to plane ciitly developed principles of analytic geoiucLry. 


THE INVENTION OE 
ANALYTIC GEOMETRY 


It is generally altriliuted to the great Descartes, 
but its development goes hack as far as attempts 
to solve the famous riddle of the oracle at Delos 

by Carl B. Boyer 


As 


^NALYTIC geometry is usually de- 
fined as the coinlnnation of alge- 
bta and geometry through the 
method of analysis, and its inven- 
tion IS Cl edited to the great 17th-centiiiy 
French philosopher Rene Descartes. Both 
these notions, as it happens, are historical- 
ly inadecpiate. The teim analytic geometi y 
is perhaps as difficult to define as is the 
word matheinaticR, and the origin of the 
one is not moie easily indicated than that 
of the othei. The story of the evolution of 
analytic geometry, indeed, is the history 
not of a single discovery but of a famous 
problem and its slow solution, of the es- 
sential unity of mathematics and of the 
growth of mathematical ideas. 

The realms of arithmetic and geometry 
have of comse never been entirely inde- 
pendent. The veiy idea of the measure- 
ment of lengths, areas and volumes implies 
the application of numbei to geometrical 
configuration, and this general concept 
may be taken as the source from which 
analytic geometry mose. The Babylonians 
of some AOOO years ago measured the 
sizes of rectangular figures with great ac- 
curacy, and they made a start oh the geom- 
e,tcy of the circle. They were well awaire 
of the fact that the sum of the squares of, 
legs of a right triangle is eqnal to the 




square of the hypotenuse — which history 
has misnamed the Pythaguican theoicm. 
They also took the initial steps toward the 
idea of a cooidinate system. Coordinates 
are simply magnitudes or distances that 
determine the position of one point oi 
object with lespecl to certain olliei fixed 
points, lines oi objects. Babylonian 
astionomers, foi ('xample, detei mined the 
position of a planet at a given time by 
specifying its angulai distances from et‘r- 
tain fixed stars oi stellar configui ations. 
Egyptian siiiveyois similaily located 
points m the Nile Valley by means of a 
cooidinate frame not unlike that formed 
by a network of city streets and avenues. 

Inasmuch as analytic geometi y is 
known also as coordinate geometry, one 
might be tempted to assume that Us in- 
vention was a direct consequence of such 
pre-Hellenic astronomy and geography. 
This, howevei , was not the case. Analytic 
geometry did not arise out of practical 
problems ; it was instead the outgrowth of 
questions of a purely theoretical and spec- 
ulative nature. 

The source from which the invention 
arose was one of the classical problems 
, of the age of Pericles, The story goes 
! th,at ^thens was afflioied by a plague, and 
Its upd^i appealing to the oracle 



of Apidh) at Delos, were insUueted to 
double the size of the. cubical ullai. It 
was geneially uiulei stood lliaL ihc cube 
was to be doubled oi “duplicated'’ exactly, 
using only compasses and an iimnaiked 
stiaighledge. The peiqili' caiefully dou- 
hlcd each dimension ol lIi( 5 altar, l)ul the 
plague continued; doulilmg each edge had 
mci eased its volume eight I old ratlun* (luin 
twolold The plague i an its natural comse. 
The Athenians neveilheless eonliiuu'd 
their attempts to solve the “Delian piol)- 
lem ” Not until some 2,000 years later was 
it recognized that the oracle had saidoni- 
cally pioposed an unsolvalde prolilem 
The Delian problem amounts simply to 
solving the equation but this could 

not lie accomplished by the geometi y of 
the line and cncle alone without recourse 
to arithmetic, as the original restriction 
dictated. The Gieeks were prevented from 
attempting an algebraic solution, in any 
case, by a disconcerting discovery which 
is said to have cost the discoverer liis life 
by shipwreck. A member of the Pythag- 
orean school, one Hippasus, had proved by 
rigorous reasoning that there is no numher 
that will measure exactly the diagonal of 
a unit square. The answer to this problem, 
which is expiessed in algebraic terms by 
the equation x-^2, is an irrational 



number To the Gieeks this meant that 
geometrical problems are not to be solved 
thioughauthmetic, and hence they banned 
from their mathematics the notions of a 
vaiiable and of an arithmetical continuum 
— a number system having the same con- 
tinuity as a line. Consequently the Greeks 
never developed an algebra appropriate to 
the methods of coordinate geometry 
Aftei many fruitless effoits to solve the 
cubic equation 2, the Greeks finally 
decided to seek a solution by relaxing the 
lules, permitting curves othei than the 
circle and straight line to be used. But 
here a peculiar difficulty was encountered 
The Greeks were aesthetically one of the 
most gifted people of all time, yet the 
only curves that they had obseived in the 
heavens and on the earth were circles and 
sti aight lines. The straight and the round 
seem to have possessed for the Greeks a 
peculiar fascination, and upon them 
they sought to build then astronomy and 
mechanics, as well as most of their mathe- 
matics. 

O F all cuives seen in routine experi- 
ence. the most common, with the ex- 
ception of the straight line, is not the 
circle hut the ellipse. Wheels and other 
circular objects, when viewed obliquely, 
appear as ellipses, and the shadows cast 
by circles aie practically always elliptical. 
Yet there appears to be no evidence that 
the Greeks noticed this ubiquitous curve 
until they began then lelentless seaich 
for a geometrical solution of the equation 


x’^=2 It is reported that the ellipse was 
discovered, togethei with the hyperbola 
and parabola, toward the middle of the 
fourth century B-C. by Menaechmus, tutor 
of Alexander the Great. Menaechmus is 
said to have advised his impatient pupil, 
“Theie is no loyal road to geometry” — 
all unaware that the three curves he had 
discovered were to be ciucial in the de- 
velopment of analytic methods, a path to 
geometry far easier than the one he was 
expounding. 

The equations of two of the curves he 
obtained, the parabola and the hyperbola, 
would now be written as x-=y and xy=2, 
respectively. If y is eliminated from these 
two equations, the result is x^=2. The 
Delian problem can therefore be solved 
by finding the point of intersection of 
these two curves on a coordinate graph 
{see diagram on page 44 ) . 

MenaecJimus was aware in a general 
way of the pioperties expressed by the 
equations of these cuives, but he did not 
use analytic geometiy in the modern sense 
Greek study of the so-called conic sections 
was entiiely in the language of pure geom- 
etry, without refeience to algebraic con- 
sideiations. The wiitings of Menaechmus 
have been lost, so we do not know the pre- 
cise manner in wmch he was led to the 
curves. It seems likely, however, that he 
discoveied them through a consideration 
of familiar geometrical solids. He may w'ell 
have obtained the three conic sections by 
cutting each of three right circular cones 
— one acute-angled, one right-angled and 


one obtuse-angled — by a plane perpendic- 
ular to one element of the cone. The Gieek 
mathematician Apollonius showed latei in 
his famous Conics that by vaiying the 
angle of the cutting plane, all thiee types 
of curves can be obtained from a single 
right or oblique circulai cone. It wms Apol- 
lonius who gave the curves their piesent 
names — ellipse, parabola and hypeibola, 
the literal meanings of which are ‘dess 
than,” “the same as,” and ‘‘more than,” 
respectively. (Three figures of speech — 
ellipsis, paiable and hypeihole — are de- 
rived from the same source.) 

The word “cuive” is difficult to define 
precisely, for. as the German mathe- 
matician Felix Klein wrote, ‘‘Everyone 
knows what a curve is. until he has studied 
enough mathematics to become confused 
through the countless number of possible 
exceptions.” Nevertheless, it is sufficient 
for most purposes to define a curve in a 
plane as the locus, or totality, of points 
in the plane which satisfy a given con- 
dition — i.e., it is the path of a point which 
moves according to a given law. The ciicle. 
for example, is the locus of all points at a 
given distance from a given fixed point. 
The Greeks knew that the locus of a 
point which nio\es so that its distance 
from a given point is in a fixed latio to its 
distance from a given line is either an 
ellipse, a parabola, or a hyperbola, ac- 
coiding as the ratio is less than, equal to, 
or greater than one Lacking modern 
algebra, however, the ancients experienced 
great difficulty in attacking some questions 



CONIC SECTIONS, which are curves obtained hy cut- (2) and the ellipse (3) . These illustrations of conic sec- 
ting a circular cone with a plane, were probably first de- tions are from an edition of the Greek mathematician 
scribed by Menaechmus, tutor of Alexander the Great. Apollonius’ Conics, The edition was brought out in 1710 
The three sections are the parabola (1), the hyperbola at Oxford by the English astronomer Edmund Halley. 




VitTE, a 16lli-centuiy coiinsoUor to the Kinji; of France, 
was in the direct line of inlcllcctiial dcsceiil lhal led to 
Descartes. He suggested that vowels he used as the sym- 
bols for unknown quantities, and consonants for known. 



FERMAT, a contemporary of Descartes., expressed basic 
principle of analytic geometry; "^Whenever in a (uial 
equation two unknown quantities are found, W('. hav(' a 
locus, the extremity of one . . . dcsc-ril)ing a line.’' 


involving loci wliicli today even a begin- 
ning student of analytic geometry handles 
with ease. 

One of their troublesome problems was 
the following: Given four fixed lines, to 
find the locus of a point which moves so 
that the product of its distances from two 
of the lines shall be in a fixed ratio to 
the product of its distances from the 
other two lines. The locus is in all cases 
one of the conic sections. The problem has 
become known as ‘‘the problem of Pap- 
pus,’* after the Greek mathematician who 
called attention to it in the four th century 
A.D. This problem and its generalization 
led Descartes to the development of ana- 
lytic geometry some 1,300 years later. 

T he essential ingredient that made this 
possible was the development of al- 
gebra. Pappus had failed to solve the 
generalization of his problem for want of 
algebra, and it was in algebra that the 
Hindus and Arabs of the medieval period, 
and the European scholars of the Renais- 
sance or early modern period, were strong- 
est. They took less seriously the distinc- 
tion that the Greeks had made between the 
discreteness of number and the continuity 
of geometrical magnitudes. Algebraic 
symbols, introduced freely into arithmetic 
and geometry, were used indifferently to 
designate either numbers or lines. The 
Persian poet Omar Khayyain, for example, 
devisesd an algebra in wMch he gaVe both 
numerical and geometrical solutions for 
I^ar and qnadratie equations. It ivas 


Descartes who first combined an algelnaic 
study of such equations with the geometri- 
cal problem of Pappus, and the lesull of 
the comhinalion was analytic geometry. 
But Descartes was partly anticipated liy 
the medieval Latin theologian Nicole 
Oresme, who had been thinking along en- 
tirely different lines. 

Oiesme’s discoveiy had to do with 
something called the “latitude of foims,” 
derived from a study of physical vaii allies. 
In the 14th ccntuiy, Scholastics at Oxford 
and Pans, following up Aristotle’s gen- 
erative idea of change, conceinod them- 
selves with pioblems of varying acceleia- 
tion, density, iheimal content, and intensi- 
ty of illumination. They distinguished not 
only between unifoim and non-uniform 
rates of change, but also subdivided the 
latter according as the rate of change of 
the rate of change was oi was not con- 
stant. In their “latitude of forms” concept, 
a “form” was any variable quantity in na- 
ture (such as motion, heat or light) , and 
its “latitude” was the value of this quan- 
tity corresponding to a given value of the 
“longitude” or independent variable (gen- 
erally time or space). The latitude of 
forms illustrates the important mathe- 
matical concepts of “variable” and “func- 
tion” — the dependence of one quantity 
upon another so that a change in the one 
; implies a change in the other. 

At first this useful idea was not related 
to graphical methods. But in the middle 
of dip 14th century Oresme, director of 



Bishop of Lishiux, hit upon llie important 
idea of chui tying lunclional relationships 
lliioiigh refeicncc to gcomcLiical figuri's. 
If, for example, the velocity of an object 
was to be leprcsented as a function of 
time, the time units weic measured along 
a horizontal base line (longitudes) , and 
the coriesponding velocities were illus- 
trated by lines (latitudes) drawn jicipen- 
dicular to the base line. The totality o[ tlic 
latitudes or velocity lines const iiuti'd the 
giaph of the function. For exampb^, tlic 
graph of uniformly accelcialed motion is 
a straight line, as shown in manijscri])l;s 
dcscnliing Oicsmc’s ideas. 

Oresme’s system of latitudes and longi- 
tudes appeals to be the earliest use of 
cooidinates in the graphical representa- 
tion of arbitral y functions. Oiesme conse- 
quently has been hailed by some historians 
as the inventor of analytic geometry. The 
usefulness of lus ideas, however, was 
sharply limited. Although he handietl 
linear graphs conectly, he was prevented 
by deficiencies in gcomeliical knowledge 
and algebraic technique from extending 
his novel idea to curvilinear figures. There 
is in his work no systematic association 
of algebia and geometiy in which an equa- 
tion in two variables determines a specif- 
ic curve, and conversely. 

Because Descartes carefully avoided 
any reference to his predecessors, one can- 
not say with assurance that he was fa- 
miliar with the work of Oresme. It seems 
quite probable that he was. Yet the dif- 
ferences between Descartes’ system, called 



DESCARTES, a philosopher who utilized mathematics EULER, a mathematician who was born in Switzerland, 

as a basis for rational thought, apparently was not fully lived in Germany and died in Russia, published the first 

aware of the importance of analytic geometry. His con- textbook of analytic geometry more than a century 

cept appeared as appendix to philosophical work. after the appearance of Descartes' original principles. 


Cartesian geomeliy, and the graphical 
representation of the latitude of forms aie 
so gieat as to make questionable any de- 
cisive influence. While Descartes was 
pel haps slightly in debt to Oresme, the 
immediate inspiration for his work came 
not from the 14th-century Bishop of 
Lisieux, but from a 16th-centiiry counsel- 
lor to Henry IV of France named Francois 
Viete. 

Viete’s contribution was the simplifica- 
tion and systematization of algebra by the 
invention of certain symbols and ideas. 
The signs + and — had already been sub- 
stituted for the words plus and minus at 
the time of Columbus, and half a century 
latei the symbol = for equality had been 
introduced in England But convenient no- 
tations for the quantities entering into an 
equation were lacking. Viete suggested 
that unknown quantities be designated by 
vowels, and that quantities assumed as 
known be represented by consonants. This 
made algebra more than arithmetical leg- 
erdemain, for it became a systematic study 
of types or forms. Equations with numeri- 
cal coefficients gave way to equations with 
literal coefficients. Where previously at- 
tention had been centered upon the con- 
struction of the roots of a particular cubic 
equation, such as x^=2, Viete showed that 
the solutions of all cubic equations were 
reducible to the Delian problem of dupli- 
cating the cube, or to the trisection of an 
angle. Geometric problems could be ex- 
pressed in the language of algebra; and, 
after algebraic simplification, the roots of 


the lesulting equations could be con- 
stiucted geometrically 

The application of algebra simplified 
geometry to a great extent, yet Viete did 
not discover the royal road for which 
Alexander had hoped. Oresme had missed 
the invention of analytic geometry because 
he had had no algebia adequate to the 
study of graphical repiesentation; Viete, 
liowever, failed to associate his algebraic 
geometry with a coordinate system. 

B ut the stage was set for someone to 
fuse algebra and geometry through 
the crucial idea of coordinates, and the re- 
sult was one of the many cases in science 
and mathematics of simultaneous discov- 
ery. Analytic geometry was the indepen- 
dent invention of two Frenchmen who 
were the greatest mathematicians of their 
day. yet neither of whom was a profes- 
sional in the field. Pierre de Fermat was 
a law}^er with an absorbing interest in the 
geometrical works of antiquity; Rene 
Descartes was a philosopher who found in 
mathematics a basis for rational thought. 
Both men began where Viete had left off. 
but they continued in somewhat different 
directions. Fermat retained the notation of 
Viete, but applied it in a new connection: 
the study of loci; Descartes adopted the 
aim of Viete — the geometric solution of 
algebraic equations — but extended it, in 
conjunction with modern symbolism, to 
equations of higher degree. 

Fermat composed in Latin only a very 
short treatise on analytic geometry — In- 


trodiiction to plane and solid loci. It is 
a woik of but eight folio pages, devoted 
to the line, circle and conic sections. It 
opens with the statement that although 
the ancients studied loci, they must have 
found them difficult, judging from the fact 
that they often failed to state the problem 
in general form. Fermat proposes to sub- 
mit the theory of loci 1;o an analyis that is 
appropriate to such problems and that 
will open the way for a general study of 
them. Without further introduction, he 
then states in clear and precise language 
the fundamental principle of analytic 
geometry . 

Whenever in a final equation two 
unknown quantities are found, we 
hate a locus ^ the extremity of one of 
these desenhing a line, straight or 
curved. 

This brief sentence represents one of 
the most significant statements in the his- 
tory of mathematics. It introduces not only 
analytic geometry, but also the immensely 
useful idea of an algebraic variable. The 
vowels in Viele’s terminology previously 
had represented unknown, but neverthe- 
less fixed or determinate, magnitudes. 
Fermat’s point of view gave meaning to 
indeterminate equations in two unknowns 
—which previously had been rejected in 
geometry — by permitting one of the vow- 
els to take on successive line values (cor- 
responding to Oresme’s longitudes), and 
plotting the values of the other as perpen- 
dicular lines (latitudes, Oresme would 





have called them). Thus Feiinal lediscov- 
erecl the graphical repiesentation of vaiia- 
bleb, and this time there was an algebra 
at hand with which to exploit the idea. 

Fermat showed that equations of the 
first degree, which today are expiessed in 
general terms as ax+hy-rc = 0, repie- 
sent straight line.s; equations of the second 
degiee of the foim 

repiesent ciicles; othei equations of sec- 
ond degiee lepiesent ellipses, parabolas, 
and hyperbolas. As the “crowning point” 
of his treatise, Fermat gave the following 
proposition : 

Given any number of fixed lilies^ 
the locus of a point ivhich moves so 
that the sum of the squares of the 
segments diaivn at given angles fioni 
the point to the lines shall be constant 
IS a conic section 

Fermat's analytic geometry was not 
published during his lifetime, so it is dif- 
ficult to determine the extent of its influ- 
ence. The Introduction appealed in print 
foi the first time in 1679, 14 yeais after 
the death of its author, 40 years aftei the 
publicalion of the coi responding work of 
Descartes, and half a ccnluiy after the 
treatise hatl been composed. Manusciipt 
works of that day often enjoyed a wich* 
circulation among scholars, but readers ol 
Fermat’s woik, unaware of the early dal(‘ 
of its composition, missed its significan(‘(‘ 
as evidence of his independent invention of 
analytic geometry. Hence analytic geom- 
etry came to be known as “Cartesian 
geometry.” This designation is perhaps 
not entirely unwarranted, for it was large- 
ly through the influence of Descartes, 
rather than of Fermat, that the new geom- 
etry took root. 

Descartes’ only work on the subject, 
La geometric, appeared somewhat unob- 
trusively in 1637, as an appendix to the 
longer and beltei -known philosophical 
lieatise, Discoiirs de la mctliode pour bien 
conduire sa raison, et chejchej la verite 
dans les sciences. The whole was pub- 
lished without the author’s name, although 
the authoiship was gen ei ally known 
The theme of La geometiie is set by the 
opening sentence. 

Any problem in geometry can easi^ 
ly be reduced [algebraically by 
means of coordinates] to such teims 
that a knowledge of the lengths of 
certain lines is sufficient jor its con- 
struction. 

Descartes was concerned primarily with 
the geometric solution of equations; in- 
deed, he vsras a direct descendent of those 
who, more than 2,000 years before, had 
attempted to appease the oracle of Apollo 
at Delos. This concern was reflected in his 
treatise. Book I is on “problems the con- 
stiuction of which requires: only straight 
lines and circles” — die ori^al Greek 
limitation on constructions. The goal of 
IthiC tfealise^the third and last bookyr-is 


on the geometuc solution of equations of 
degree liighci tliaii two. The leally ini- 
poitant, modem pail of Ids woik. Book II, 
which deals with 'The nature of cuived 
lines,” was dismissed by Descaites as a 
pieliminaiy to Book III. It is paradoxical 
that Descartes, tioni whom the world de- 
rived couidinate geometry, showed little 
inteiesl in llii^ ba'-ic piinciple; he msed 
coordinates simply as an aid to the solu- 
tion of geometrical piobieins, and was so 
indifleienL to the theoiy ol ciiives that he 
ncvci fully iindei stood the significance ol 
negative coordinates. 

Descditeb had been much impiesscd by 
the powei of his method in dealing with 
the locus of Pappus, and ihi" fuoblem i un*^ 
like a thread of AiiadiH^ tluough the lliiee 
books of La geomctue His huidamcnlal 


PARABOLA 




HYPERBOLA 

xy = 2 


Anbwer to Doliatt 
problem (x® ===* 2) 


COORDINATES of analytic geom- 
etry make it possil)lc to solve tlic 
prol>lem stated by oracle of Delos. 

principle of analytic geometiy is enunci- 
ated m Book II in this way: 

For the solution of any one of these 
pioblems of loci is nothing moie than 
the finding of a point for whose com- 
plete deteimination one condition is 
luanting .. In eveiy such case an 
equation can be obtained containing 
two unknown quantities. 

This ciucial statement means that an 
equation in two unknowns in general lep- 
resents a curve. For example, the equation 
xy=x'^ — 2x-— x+2, which appears re- 
peatedly, represents what Isaac Newton 
later called the “Caitesian parabola” or 
trident. 

Tire loci in Pappus’ problem for the 
case of four lines lead to equations of the 
first and second degree. Descartes showed 
that for five, six, seven or eight lines the 
locus is a curve of degree three oi four; 
and in general if the number of lines does 
not exceed 2n, the degree of the locus will 
be nat more than n. Descartes was not 
much concerned, however, with the shape 
of these curves or loci; he wished to use 
fhem to solve, graphically, algebi aic equa- 
tions in a single pnknown. But here Des- 
cartes m^de a bad blunder. The Pythag- 
iqreajos thnt. eqitatipns of degree 


one or two could be solved by sLiaight 
lines and circles alone: Meiuicchmus, 
Omai Khayyam and Viete knew lhal equa- 
tions of degiee thiee or foui could lie 
solved by conic sections, i.e., by cuives of 
oz'dei two. Descaites extiapolated loo lap- 
idly and ass cited that equations of degiee 
2n Ol 2n — 1 leqiiiie. foi tlieii giaphical 
solution, ciuves of older n This would 
mean, loi example, that an eifualion of 
degiee nine, surh as -l-x-]-l==0, called 
foi cuives of Older five, whereas actually 
the cubic curves y=x‘^ and y‘ — () 
suffice, tluough the eliininaliou of y, to 
solve the equation. As Feimal and othei s 
poinled out, the coned uile is lluU 
(‘qualjons of degiee not exceeding n“ are 
solvable ]>y means of cuives oj oulci not 
gieatei than n 

Estimales of the relative meiit of the 
woiks of Feimal and Descaites diflei 
wid('ly, partly because of diflei (mces cn- 
couiUeied in notation, emphasis and j)omt 
oi view The algebi aic noLalion of Dea- 
caites was lar more appiopiialc than that 
of Viete and Feimat. To Descaites wc owe 
the use of letters near the end of the alplui- 
])eL — such as x, y and z — to lepri'senl un- 
knowns, and of lollei's near tiie licginning 
of tlu‘ alphalxd to nqiresenl known quan- 
lilit‘s, Th(‘ imimaisely convenieiil notation 
ol exponents for powers (x“, y'K etc.) was 
also introduced by Descartes. On ih(‘ oilier 
hand, the lumhunmilal idea ol the e([ua- 
lion ol a ciiive is more clearly sot forth by 
Fermat. The woik of Descurti^s is more 
general in scope, lhal of Fmanal being 
limited to ecpuilions of fust and second de- 
gree; but the expo.sUory tiealmeni of Fer- 
mat’s Inti oduction is moi c systematic than 
that of Descaites’ La geometiie. One gets 
the impiesbion that Descartes wiotc his 
geometiy to boast lalhei than to explain. 
He built it about a difficult prolilem (the 
Pappus locus), and he did not go into de- 
tail to make his aigument cleai. In con- 
cluding the work he juslihes this inade- 
quacy ol exposition by the remark that he 
has lelt much unsaid in oidei not to rob 
the leadei ol llic joy of discoveuy. In so 
doing, howevei, he deprived many a stu- 
dent of the mildei pleasure of compK^hen- 
sion. Descaites might beltci iiave followed 
his own advice: “When you have to deal 
with tianscendent questions, you must be 
transcendently deal.” 

T he geometry of Descartes and Fermat 
did not hiing aliout a rapid transfor- 
mation of mathematics. For one thing, ihe 
haughty altitude of Descartes and the in- 
diflerence to fame of Fermat made the 
new subject accessible almost exclusively 
to professional geometers ol marked abil- 
ity, (The incomparable Newton quickly 
mastered analytic geometry and extended 
it to include the geneial theory of curves.) 
So, although analytic geometry had been 
twice invented before 1637, it was not un- 
til more than a hundred years later,, in 
1748, that what may be called the first 



textbook on the subject appealed This 
treatise, the Introduction to infinitesimal 
analysis of Leonhard Euler, was written 
in Latin by a mathematician who was 
boin m Switzeiland, lived in Germany and 
died in Russia. The work lemains a clas- 
sic, yet it has never been tian&lated into 
English. To the contributions of Fermat, 
Descartes and Newton, Euler added a sig- 
nificant achievement of his own; he ex- 
tended Caitesian geometry to the space of 
three dimensions. 

In the end, it was a piacticing revolu- 
tjonist who hi ought analytic geometry into 
general use. This was Gaspard Monge, a 
Frenchman who paiticipated in three ‘‘re- 
volutions." As an ardent republican, he 
took an active part in the affaiis of the 
Fiench revolutionary government, and 
later was closely associated with Napo- 
leon. As an experimental chemist, he 
shared the credit for the discovery of the 
composition of water, a keystone in the 
chemical revolution. But primal ily he was 
a mathematician, the foremost specialist 
of his day in geonietiy, and it was he 
who saw, more clearly than others, that 
analytic geometry differs from synthetic 
geometry as one language does from an- 
other. Both say the same thing in different 
ways. Puie or synthetic geometry is ex- 
pressed by means of diagrams and con- 
structions, analytic geometiy, in teims of 
algebra and equations. Monge theiefore 
suggested to his students at the famed 
Ecole Poiytechnique that the elementary 
geometiy of lines and planes, of ciicles 
and spheies, is quite as appropriately stud- 
ied by analytic means as are the more 
advanced properties of the conic sections. 
This view resulted in a transfoimation of 
Caitesian geometry that was every bit as 
striking in its way as was the new chemis- 
try of Antoine Lavoisier: hence the phrase 
“analytical revolution'’ may aptly be ap- 
plied to the movement initiated by Monge. 

There is considerable justification for 
the proposition that analytic geometry is 
primarily a Fiench contribution. Its two 
most important modern precuisors, Ores- 
me and Viete, were Fiench; so were its 
two inventors, Fermat and Descartes, as 
well as Monge, the man who together with 
his disciples did most to fashion Cartesian 
geometry into modern form. On the other 
hand, the multitudinous developments of 
the past hundred years have been con- 
tributed by men of all nationalities. In- 
deed, the most noteworthy accounts of the 
development of analytic geometry are not 
by Frenchmen but by an Italian, two Ger- 
mans and an American. These four schol- 
ars — Gino Loria, Johannes Tropfke, Hein- 
rich Wieleitner and Julian Coolidge — are 
symbols of the fact that in mathematics 
the one-world ideal is not a mirage. 


Carl B. Boyer is pro- 
fessor of mathematics 
at Brooklyn College. 
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MATHEMATICAL FUNCTIONS, magnitudes which relate one changing 
quantity to another, were first represented graphically in a book written in 
14th centiury either by the theologian Nicole Oresme or one of his students. 






USE OF COORDINATES, one of the fundamental concepts of analytic 
geometry, is of great antiquity. This sketch of the paths of the sun, moon and 
planets was drawn in the 10th century. Symbols of these bodies are at the left. 
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Mapping 

Mount 

McKinley 


Highest peak in North 
America ivas scaled by- 
survey party to locate 
its features accurately 

by Bradford Washburn 

M ount McKINLEY,tlie 20.000-foot 
giant of Alaska, is not only the 
highest peak in North America, it 
is probably the highest mountain mass 
anywhere on earth that rises out of a level 
plain. It was first climbed in 1913 b} 
Archdeacon Hudson Stuck, who took near- 
ly three months to do the job. It has now 
been climbed six times. The hiking dis- 
tance from the end of the nearest road to 
the mountaiiTs peak and back is 80 miles, 
half of which is over perpetual snow and 
ice. The mountain itself is a vast wilder- 
ness of frigid peaks and glaciers Even in 
midsummer the day and night average of 
the temperature at the summit is less than 
20 degrees below zero. 

Until recently no serious attempt had 
ever been made to map the mountain; 
even military reconnaissance planes ha- 
bitually by-passed it. Some people may 
wonder why anyone should want to map 
that desolate spot. There are several ex- 
cellent reasons. One is that the upper 
slopes of McKinley are an ideally rigorous 
place for all sorts of cold- weather tests and 
experiments. During the recent wai the 
mountain and its approaches were used 
three times for tests of Army equipment. 
Another reason is that because of its 
height and extieme northern latitude 
McKinley is an excellent location foi the 
study of weather and cosmic rays. A third 
reason is that the peak is the chief attrac- 
tion of Mount McKinley National Park 
New roads and railroads will before long 
bring vacationei-s and mountaineers to it. 
Once extremely difficult to approach, 
McKinley has now become one of the most 




MAP of Moujit Mdfciiiiley shows approximate location of 
its varioTis helots and routea taken fey i^e surveying party. Triangles indi- 
ica^ thepdints fipom whicli sights Gircles stow the pealcs sighted. 




accL’ssihlc ot the world’s gieat peaks. A 
good road i caches t(> Wonder Lake, only 
20 miles noith of the base ot the inoimtain. 

1 became acquainted with the mountain 
HI 1936, 1937 and 1938, when I made a 
niimbci of flights ovci and around it for 
the National Geogiaphic Society. The 
aeiial photogiaphs then taken weie latm- 
invaluable to an Army ex])edition which 
lested winlei clothing and equipment on 
MclCinley in 1942 and to which I was as- 
signed as a lepiesenlalive ol the Air 
Foice. Tills expedition, and a second one 
to neailiy Moiinl Silver tin one in 1945, 
gave me a sLiong desire to get hack into 
ihe Alaska lange again some day The 
graiideui of I hose gicai peaks is unfoi get- 
table, and the lact that tliey were virtually 
unmapped was sinnethmg of a challenge 
A y<‘ai ago the oppoitunity came. 11 KO 
llaiiio I belli I es asked the Boston Museum 
of Science to cosponsoi an t‘xp(‘dition to 
chml) and jfliotograpli Mount McKinley; 
in lelinn we leceived suflicient tunds for 
an extensive scientific study oi the moun- 
tain. Allei months of piepuration, in 
which we had the assistance of the Coast 
and Geodelic Suivey, the Alaskan Air 
Command, the Signal Corps> the National 
Park Sei vice, the W(‘alhci Bureau and the 
G(‘ologi<‘al Survey, our paily of ]3, in- 
(dudiiig my wife, ai lived at McKinley in 
A[)tii ol 1947 lor “Opmuilion White 
Tow(‘i.’* Jt was nol organized to lucak a 
spi‘.(‘d I (‘(’Old; we sprnU 93 days climbing 
OVCI and surveying McKinhy’s peaks 

M AIMING a moiiiUain is a specialized 
job As a preliniinaiy, B-29s of ilie 
46Lh Reconnaissance Squadion photo- 
giaphcd the entire aiea from 32,500 feet. 
Then slcieoscopic pictures depicted cleai- 
ly eveiy detail ol the inconceivably com- 
plex system o[ peaks and valleys. One may 
ask: Why climb McKinley to map it if 
eveiy inch of its slopes had already hemi 
accuiately photographed? The answer is 
that although aerial photogiaphs cun he 
scaled and converted into a leasonably 
good maj) without any ground work, a 
leally accurate map leipiires a liaincwoik 
of inangulation, oi what is called ground 
contiol. Giouiid control is to an accurate 
map what the steel Ixamework is to a 
completed skyscraper. 

Needless to say, it is not necessary to 
climb eveiy peak in a lange to map it 
precisely. By observations with an accu- 
rate surveying instrument from a few 
caiefully chosen points, the positions and 
altitudes of hundreds of other points can 
he computed by trigonometry. On McKin- 
ley our basic starting points were four 
prominent peaks, the positions and alti- 
tudes of which had previously been de- 
termined by the Coast and Geodetic 
Survey from, distant observing stations 
during the mapping of the Alaska Rail- 
road. We planned to occupy three of these 
peaks and sight from them. 

My assistants in the actual surveying 
were Robert Lange, a geology student at 



the University of New Hampslme, and 
Lieut William Hackett. the Aimy's repre- 
sentative on the expedition. We worked 
with two extiemely accurate theodolites 
loaned by the Coast Survey. Oui work was 
caiiied out almost constantly under the 
most fiigid and miserable conditions im- 
aginable. 

It IS well-nigh impossible to operate a 
delicate theodolite with gloves on. Be- 
cause bare metal cannot be safely touched 
with ungloved hands in sub-zero weather, 
we covered the tangent sciews, leveling 
screws and other adjustable parts with 
adhesive tape. I worked with my leit hand 
in a big mitten and my right completely 
bare. Aftei thiee or foui minutes I would 
put my bale hand undei my armpit to 
warm it while the lecorder checked his 
figures. Then I’d go to work again alter 
three or four minutes' waim-up. Lange 
and Hackett took tin ns at recording the 
observations m oui angle-book, changing 
places as theii fingers became too numb 
to write 

Cold Itself is a less insidious deterrent 
to good work than the sloppiness and lack 
of ambition bi ought about by high alti- 
tude. Our stations atop McKinley's two 
piincipal eminences, the North and South 
Peaks, were both a mile higher than any 
survey station ever befoie occupied in 
Noith Ameiica. Theie was no practical 
way of piovidmg oxygen for our party, so 
we did everything on what naluie piovides 
up there — less than one half the supply of 
<ixygen we bieathe at sea level To prevent 
errors, we developed a fixed routine for 
setting up our instrument, fieezing it m 
place, leveling it, observing and recording 
— so after a time we did almost everything 
by force of habit. Setting up the tripod 
rigidly is vital for accuracy in this woik. 
Sometimes we brought along a vacuum 
bottle full of warm water with which to 
freeze the tripod legs fiimly into the snow. 
No matter how caiefully we stamped and 
froze the tripod legs into the ground, how- 
evei, some eirors always ciept in when the 
insliument was set up on snow instead of 
lock 01 ice. Consequently all key observa- 
tions were checked and double-checked 
lor collimation error light on the spot. 

We had piomised the Geodetic Survey 
that we would try to carry out observations 
fiom the tiptop of both of McKmley^s 
peaks and horn Denali Pass, the notch 
between them. We knew that these figuies 
would not only determine accurately the 
relative altitude of the two peaks but 
strengthen the precision of the whole job. 

The top of McKinley’s South Peak, the 
20,220-foot high point of the mountain, 
was the most trying survey job, even 
though we were there but 40 minutes and 
obseived only three directions and two 
vertical angles. It was 20 below zero with 
a gusty 20-to-30-mile breeze blowing. Oc- 
casionally, while I was obseiving, abrupt 
gusts of wind would hump my face against 
the eyepiece of the theodolite. Then I 
would have to recheck the level and swing 



FINAL CAMP OF CLIMB was below McKinley’s South Peak, which is just 
out of the picture to the left. The four tiny figures which appear at the 
bottom are just leaving the camp to begin the ascent of the South Peak. 
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PARACHUTES DESCEND bearing, apparatus for observing; eosinic rays. 
At rig:ht is South Peak. Expcdidoii’s eosiiiic-ray station was at 18,000 
feel. Northern latitude gave chance for unusually significant observations. 



SURVEYING PARTY bears a theodolite to the top of Gunsight Peak. Ob- 
servers tried to set tip theodolites on ice or rock. When they could not, they 
' carried vacuum bottles, of ^arm water to fteeze tripod legs in snow. 


back to the fii&t btation obseived to make 
sure that the bump bad not moved ihe 
tiipod a hail. 

On the summit theie was not an inch of 
shekel anywhere The topmost ffiift was 
stieamiined and packed as haul as con- 
ciete My eyelashes weie coveied with 
frost featheis from my hieatli. and fiost 
clouded the telescope eyepiece The con- 
ditzmis weie so bittei that even with 
clothes that would normally have kept us 
coniEoilahly warm at 40 below, we were 
chilled to the mairow. 

The lollowmg day, atop the Noilh 
Peak only about 800 feet lowci, tlieie was 
not a bieatli of wind from siimisc to sun- 
set! The weatliei was so clear and quiet 
that, tired as we weie when we leached 
the lop, we set up the mstuiment the mo- 
ment we ariived and busily ohseived all 
oin impoitanl angles hefoie having a bile 
to eat. We couldn't believe that such 
weathei could last more than an houi or 
two We stayed on Lop foi tliiee lull hours. 

It was waimer than the day before — 
about zexo. When we lunched ut three 
o'clock, the afternoon sun was leally warm 
and pleasant. As we sat there on a steep 
snowdult 19,370 feel above the sea, and 
just south (>1 lli(t Aiclic Citele, it was so 
still that the open pages ol our aiigk-lxxik 
did not even move. It was rai e, iiici edible 
we^Jlier for McKinley, 

T he NoUh Peak summit is very differ- 
ent fioin the South Peak The top of 
the laltei is a iaige, dome-shaped diifl; 
the North Peak ends in a sharp little 
point, with a fantastic diop on the north- 
ern side. To get leveled up squarely over 
the lop, we first poked a vertical hole deep 
into the haid snow of the exact point. 
Then we cut away the tip of the point 
willi our ice axes to make a flat, triangular 
station, found the hole again, and plumbed 
the theodolite exactly ovei it. I had to 
move around very gmgeily, especially 
while I was on the north side of the in- 
strument looking at the South Peak The 
flat station was so small that if I had taken 
a single careless step backward at that 
moment I would have fallen at least 14,000 
feet. 

Aftex three months on the mountain, 
duiing which we became familiar with 
every detail of the peak, we completed our 
job by taking obseivations from lowland 
stations. The key fixed point was at Won- 
dei Lake We were able to make enough 
observations to warrant a considciahle 
degiee of confidence in the xcsults. The 
new map of McKinley is now being 
drafted from our obseivations by com- 
puters of the Coast and Geodetic Survey 
and photogrammetrists at the Geological 
Survey labor atoiies m Denver It is sched- 
uled to be issued in 1950. 


Bradford Washburn is director of the Bos- 
ton Museum of Science and a former teach- 
er of surveying at Harvard University. 








AERIAL PHOTOGRAPH of McKinley shows the 
moxintain from a point directly above its summit. At the 
lower left is North Peak. Just on the edge of the photo- 


graph at the upper left is South Peak. This photograph, 
made by the 46th Reconnaissance Squadron of the Air 
Force, shows a vertical relief of more than 12,000 feet. 
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THE RECORD 
OE HUMAN ILLNESS 

The study of boues indicates that uncivilized man’s 
life was not a perfect idyll of health. He suffered 
a respectable assortment of diseases and disabilities 


by Wilton M. Krogman 


1 MONO the illusions of civilized man. 
ZA one of the most unreasonable is 
that his bodily ills deiive mainly 
fiom a deplorable decline in the rigoi of 
his existence. To nature loveis from Jean 
Jacques Rousseau to Beinarr Macfadden, 
the apotheosis of human physical perfec- 
tion seems to have been the noble savage — 
that happy creatuie who knew no tooth- 
ache, no iheumalism, no tuberculosis, no 
sniffling colds This idyllic fancy oi couise 
betiays a lack of acquaintance with primi- 
tive man in ihe flesh. The liuth is that our 
prehistoric ancestors, even before con- 
tamination by civilization, were just about 
as subject to disease as we are. Indeed, 
they were afflicted by many of the same 
ailments, as we are now learning by close 
inspection of their readable remains. 

We have only their bones to read, but 
the bones of man are a durable record of 
his health and his disease, they tell how 
long he lived, and often how he died. Thus 
from the skeletal remains available to us 
we can trace hack for nearly a million 
years part of the record of early man’s 
physical tribulations 

The record is natuially limited to the 
illnesses and mishaps that affected the 
bones and teeth. The evidence is sufficient, 
however, to indicate that the Pandora’s 
box of germ diseases was not opened by 
civilization; our prehistoric parents had 
their share of these infections. And the 
law of gravity has always operated; in 
the Old Stone Age, as now, people fell 
and broke their bones. 

What do the bones of early man have 
to tell us about the state of his health? 

Probably the most universal skeletal 
affliction of modern man is rheumatism or 
artliritis — inflammation of the joints. It 
appears that this disease was also very 
common among our cave-dwelling fore- 
Man has never escaped ai^thritis ; 
i'lritatever the climate, diet or living condi- 
the joints of the vertebrate skeleton 
have always ached, creaked and stiffened. 
(Indeefl arthritis can he traced back to 
the dinosaurs, the giant reptiles of almost 



haff a billion years ago; imagine a Bion- 
tosauiiis with an 80-foot backbone racked 
with ailhritic pain!) The famous Nean- 
derthal man found at La Chapelle in 
Fiance had a case of arthritis so seveie 
that the vertebrae in his neck weic joined 
into one solid piece of lione, and so weic 
those in his waist. Human skehdal lemains 
from the Old Stone Age are too scanty to 
indicate how pievaleiil artlnitis was 
among this Neandeilhalei's contempo- 
laiies. But by the opening of the New 
Slone Age in Europe aliout 10,000 years 
ago, the diboidei is found to lie widespread. 
Peihaps one adult in four had aitlirilis, es- 
pecially of the knee, shoulder and hip 
joints. By the dawn of recorded history, 
among the Egyptians of about 5,000 yeais 
ago, a middle-aged adult free from arthri- 
tis was almost the exception. Neaily as 
high a frequency has been found among 
pre-Columbian American Indians. 

Much the same is true of tooth decay, 
another universal affliction which may be 
classified with artlnitis as a skeletal dis- 
ease; indeed, many doctors and dentists 
believe that bad teeth and arthritic pains 
are somehow related. Dental disease has 
been called a “curse of civilization'’ by 
many dietitians and oral hygienists, and 
it is' a fact that the incidence of tooth de- 
cay has increased with man's hiosocial 
evolution. The advertisement that shows a 
beautiful girl gnawing a huge bone, with 
the caption, “Society says no, hut Nature 
says yes,” actually has some basis The 
distnliution of tooth decay, howevei , is not 
a matter of all or none — all in modern 
times, none in prehistoi'y. Among indi- 
viduals of the Old Stone Age of Europe 
50,000 or more years ago whose skeletons 
have been found, 10 to 40 per cent, de- 
pending on the population sample studied, 
had decayed teeth. Of the skeletons of the 
New Stone Age of Europe, about 10,000 
years ago, 30 per cent had decayed teeth ; 
in the Bronze and Iron Ages of Europe, up 
to about 4,000 B.C., 40 per cent; among 
pre-Columbian American Indians, 20 to 
7'5 per cent-r-the latter in a soutbwestei;n 


U. S Pueblo population subsisting largely 
on maize. These figures do not compare 
with the prevalence of tooth decay today 
in the U. S , where an adult with a jierfcct 
dentition is almost a museum specimen, 
bill they do show that bad teeth cannot 
be blamed enthely on modern foods. 

Denial oi oral disease may often lead to 
middle-eai oi masloid infections This was 
as Irue in the PaleoJithic Ei a as il is today. 
The well-known Neandcrlhul man of Rho- 
desia, South Africa, who duung his life- 
time lost or had dental canes in 13 of Ins 
]6 upper teeth, shows a peifoialion in the 
mastoid process that looks much like the 
drainage wound of an abscess. If tins diag- 
nosis is coirecl, his is the oldest mastoid 
case on record. 

ANOTHER disorder common to the 
Neolithic and the Atomic ages which, 
like arthritis, involves the calcium balance 
in the body, is arteriosclei osis, or harden- 
ing of the arteries Sclerotic plaques, oi 
pieces of hardened aortic aiteiy,have been 
found in a pre-Columbian Indian burial 
ground in Kentucky. When Moses ap- 
pealed to Pharaoh to let his people leave 
Egypt, It may be remembered, the Lord 
“haidened his [Pharaoh’s] heart.” The 
great Egyptologist Sir Grafton Elliot 
Smith actually found evidence of cardiac 
sclerosis — hardening of the heart — in a 
Pharaoh’s mummy! 

There is one bone pathology that we 
shaie not only with our Stone Age ances- 
tors but with all other mammals — that is, 
fractures. Oiu tree-dwelling cousins, the 
anthropoid apes, often break theii aims 
and legs accidentally. Bui when we come 
to early Homo sapiens we find something 
new: fractures inflicted intentionally. It 
appears that the habit of breaking the 
bones of other individuals in the same 
species is one of the features that distin- 
guishes man from the apes. Or to put it 
another way, early man often used his 
brains to brain his fellow man. 

The skulls of many of our ancestors bear 
eloquent evidence that early man knew 



where to deal a lethal blow. Depressed 
and radial skull fractures aie common 
among the prehistoiic populations of the 
Old and New Worlds. In the Old World, 
the noble savage used stone clubs to break 
an enemy’s head; in the New World, he 
used stone axes, wooden clubs and six- 
rayed maces. Each weapon left a distinc- 
tive type of fracture — a trademark pre- 
served for Intel pretati on thousands of 
years later by anthiopologists The skull 
fractures probably were sustained m two 
ways* in battle and in ceiemonial sacri- 
fice, Enemies who were taken prisoner 
often were offered to the gods as part of 
the ritual of victory. It appeals also that 
the heads may have been used in ritualistic 
cannibalism; the brain was eaten by the 
victors in order to partake of the ‘"spirit” 
of a biave slain foe. This custom may be 
as old as man himself, since skulls a mil- 
lion years old show signs of fractuies that 
suggest smashing to get at the brain. 

The frequency of head wounds accounts 
for the fact that one of the eailiest surgi- 
cal techniques developed by man was that 
of trephining, i e,, an operation upon the 
skull to relieve pressure caused by broken 
bones or concussion. There is evidence of 
healed operations of this type in skulls 
moie than 10,000 years old, from the New 
Stone Age of France The prehistoric 
Incas of Peru weie past masters of this 


early operation. Some Inca skulls show no 
fe-vver than foui successful operations. 

Skeletons of the New Stone Age of Eu- 
lope show another significant phenome- 
non; an unusually high percentage of 
fractured foiearnis. They are of such a 
nature as to suggest that the toreaim 
bones (the ladius and ulna) were bioken 
while the arm was upraised in an effort to 
fend off a blow" directed at the head. These 
fractures aie most fiequent in female 
bones — tangible evidence that the cave 
man was rough with his cave w'oman. 

When it comes to infectious diseases, 
the most controversial question is: Do the 
bones of prehistoric man show e\idence of 
syphilis.'^ On this infection, which the fa- 
mous physician Sir William Osier called 
‘*the great imitator” because its symptoms 
simulate so many other diseases, there are 
two sharply divided schools of thought: 
one contends that the disease did not exist 
before the discovery of the New World; 
the other argues that it did. Some French 
pathologists assert that certain skulls of 
the New Stone Age. at least 10.000 years 
old, show lesions similar to those pro- 
duced by syphilis. It is also claimed that 
a late Old Stone Age site at Solutre. in 
France, yielded 25,000-year-old shinbones 
v/ith syphilitic lesions. Within historic 
times syphilitic bones are reported for 
Roman and medie\al Europe, for early 


dynastic Egypt (about 2.500 B.C.), for 
New" Stone Age Japan and India In the 
Western Hemisphere they are leported for 
pz'e-Columhian Peru. Mexico, and the 
southwest of North Ameiica. Yet the ques- 
tion remains unresolved: perhaps the best 
we can do on the basis of present e\idence 
may be ^umnlalized by a report the WTiter 
lias made on some 5.000-yeai-old bones 
from ancient Iran. There a forearm bone 
W"as found that sliow'ed a symmetrical per- 
iostitis (infiammation of the vascular 
membrane). It looks like syphilis, hut 
’Took'? like'* is about as close a diagnosis 
as may be ^ entured. 

O N the other hand, tuberculosis, also 
coinmoiiH considered an infection of 
civilization, definitely has an ancient his- 
tory. The most famous ancient case of tins 
disease is that of the Egyptian "‘Priest of 
Ammon,*’ of the 21st Dynasty in 1,000 
B.C , who«5e bones ^how eiidence of one 
form of the infection knowm as Potfs dis- 
ease, which leaves a collapsed and lateral- 
ly curved backbone. Bone tuberculosis 
goes back much farther, how^ever. It is le- 
ported in predynastic Egyptian times, 
about 5.000 B.C. At Heidelberg, in Ger- 
many, a skeleton w"as found from the New 
Stone Age with its mid-dnrsal veitebrae 
(those at thele^el of the shoulder blades) 
collapsed and eroded as in tuberculosis. 
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KNOWN ANTIQUITY of human diseases and disabili- 
ties is depicted in this chart. Specific conditions are 
listed in the column at the left. Horizontal bars show 


age of evidence indicating each condition. White sec- 
tions in some bars indicate age of less reliable evi- 
dence. Scale changes to the right of vertical gray bar. 



HOLE IN THE SKULL of a long-dead Peruvian is evidence of Qic ancient 
practice of trephining. Some tribes performed this operation to relieve 
pressure caused by fracture or concussion. Since hone about hole in the 
picture above has not regenerated, operation probably killed patient. 




PARTLY BQEALED OPENING left by trephining demonstrates that 
patients often recov^ed from the operation. The Incas of Peru were the 
most adept pi:a«^tioners of trephfmng, Sonte Inca sh^ulls indicate that as 
m^y as font perfornied on tjie same individual. 






In the Western Hemisplieie a case of 
Pott’s disease was found in a pie-Coimn- 
bian Inca tomb, and othei tuhercuious 
Ijackbones have been uneaitbed in pie- 
Coluinbian Indian mounds of Tennessee 
and Louisiana, and in the pueblos of the 
Southwest The antiquity of tubeiculosis 
is coiioboiated in ancient Egyptian, Inca 
and Aztec art, which often depicts the 
characteristic hunched backbones of vic- 
tims of tuberculosis of the spine 

Man in a state of natuic also suffered 
fiom deficiency diseases, although appai- 
ently these weie less common than in mod- 
ern populations. New Stone Age skeletons 
in Sweden show definite evidence of lick- 
cts, the disease usually caused by lack ol: 
Vitamin D. The German pathologist Ru- 
dolf Viichow held that the extiemcly 
curved thighbone of Neanderthal man was 
rachitic; he suggested also that the skull 
of the Java ape man of about half a million 
years ago was rachitic, because of its pe- 
culiaily ridged or “keeled” frontal hone 
There is even evidence of tumozs among 
prehistoric peoples. A Swiss skeleton from 
the New Stone Age showed in skull, lowei 
jawbone, chest and hands, the chaiacter- 
istic bone ovei growth called acromegaly, 
which accompanies a tumor of the j)ilu- 
iuiiy gland at the base oi the hi am. Evi- 
dence of anothci type ol brain tumoi, 
called (Uiial meningioma, was found in a 
pie-Coluinhian Inca skull. This disordei 
lesulls in excessive thickening oi the fi- 
brous layer around the brain, which in 
turn presses against the skull, causing 
cianial-bone overgrowth. Still anolhei 
type of bony overgrowth, in which the 
skeletal hones become massive and tor- 
tuously distorted, is that known as Paget’s 
disease. It has been found in a New Stone 
Age skeleton in Fiance and in a pre- 
Columbian “mound-builder” skeleton in 
Illinois. In the latter case, objects present 
m the mound suggested that the man bur- 
ied in it may have been a jierson of im- 
portance — a medicine man, or possibly a 
plies l. This would be in keeping witii 
practices among present-day piimiuve 
peoples, who often believe that a peison 
with a twisted body or a disturbed men- 
tality is “possessed” and hence has special 
magical poweis. 

A STRIKING example has been found 
among the ancient Egyptians. Theic 
is an unusual congenital bone pathology 
that results in dispioporlionale dwarfism. 
In this condition, called achondroplasia, 
not only are the victims small, but the pro- 
poitions of the head, trunk and limbs are 
disturbed: the head is large, with a small, 
concave face; the trunk is relatively long; 
the limbs, especially the legs, are short, 
with shortness most marked in the fore- 
arm and the lower leg. Achondroplastic 
dwarfs go back to 6,000 B.G. in Egypt. 
They were not treated as freaks but often 
actually rose to positions of power. The 
achondroplastic Dwarf of Zer, who lived 
between 4,715 and 4,658 B.C., was pictured 


at Abydos, in Egypt, as a personage of 
impoitance. In the Fifth Dynasty of Egypt, 
abouit 2,700 B.C.. lived the famous dwarf 
Chnoum-Hotep, often depicted in paint- 
ings or in sculpture. He was called ‘"Chief 
of the Perfumes” or “Head of the Waid- 
robe,” and was high in the favor of the 
reigning Phaiaoh. Even pictures of the 
Egyptian god Bes suggest a touch of 
achondroplasia. This type of dwarfism is 
also found in the New World among pre- 
Columbian Indians. 

Congenital abnormalities or accidents — 
vaiious types of disturbed bone growth 
that arise during prenatal life and aie 
present at birth — are fairly common 
among the remains of ancient man. Some 
have been found m skeletons at least 
25,000 years old. Most of them show “mid- 
line failures” — that is, failures of perfect 
fusion, during pienatal development, be- 
tween the right and left halves of the body. 
Such a failure results m incomplete forma- 
tion of the bones or bony structures. 
Prehistoric evidence of this pathological 
condition is seen most frequently in cleft 
palate; spina bifida^ i.e., failuie of the 
vertebrae to unite in a complete arch, so 
that the spinal cord is not enclosed in a 
bony canal as it should be ; and *’perfoi ate 
sternum,” i.e., incomplete development of 
the breastbone so that it is cleft in two or 
has small mid-line holes. Another type of 
prenatal deformity, congenital clubfoot, 
was found in the 6.000-year-old skeletons 
of Egyptians. Skeletons have also been 
discovered with asymmetrical arms oi 
legs, or parts of either, a condition that 
sometimes results from accidents or inju- 
1 ies at birth. In a huge cemetery in ancient 
Iran, dating back to 3,000 B.C.. the writer 
found three skeletons with the right upper 
arm bones markedly shoit on one side; 
the circumstances of the burial hinted at 
a familial, and therefore possibly a heredi- 
tary, association. 

The skeletal remains of course do not 
necessarily show the actual antiquity of 
a disease, but only its minimum age. 
Moreover, we cannot deduce from them 
the actual frequency of a given pathology 
in ancient times, for the finds of skeletons 
thus far are too small in number to serve 
as representative samples of early popu- 
lations. 

Nonetheless, we can be sure that the 
differences, if any, between the prehistoiic 
and modern occurrence of disease are dif- 
ferences of degree, not of kind. Prehistoric 
man had virtually all the bone diseases 
that have been observed today or in recent 
times; he suffered his share of aching 
joints, warped and broken bones, bad 
teeth and skeletal abnormalities. And 
there was not much that he could do about 
it. When he was sick, he was sick. That 
was the end of it — and often 'of him! 


Wilton M. Krogman is professor 
of physical anthropology at the 
University of Pennsylvania’s 
Graduate School of Medicine. 






BENJAMIN RUSH waa a Philaclelptiia pliysician and one of the piiblic 
figures of the Reyolutionary period. This drawing by the contemporary artist 
William Haines shows much of , Rush’s chiiracter. He was intelligent, over- 
yrorked, jealous of his theories, eimlttered and devc)i4 of a sense of hum or. 



by James R. Newman 


Tin-: Autoriography of Benjamin Rush. 
Edited by Geinge W Comer. Piinceton 
University Pi ess ($6 00) 

I N this handsome volume die gathered! 
[oi the fiist time the journals of Ben- 
jamin Rush, physician, teacher, poli- 
tician, patriot of the Revolution, and sign- 
ei of the Declaration of Independence. 
With the aid of a grant from the Ameiican 
Philosophical Society, the noted embiy- 
ologist Geoige W. Coinei has piepared an 
admiiable edition of Rush's Tiavvls 
Through Life — “a document intended tor 
his own private satisfaction and foi the 
odificalioii of his family” — and ol his 
Commonplace Books, a more intimate dia- 
ry containing assoiled 1ml wondeilully 
vivid joltings diawn liom his expeiiences 
lictwecn 1789 and 1813. Togi^lliei these 
(‘onsiitutc the fascinaling autoliiogiaphy 
of a difficult but great man. 

After a five-yeai appienticesbip in the 
“shop” of Philadelphia’s leading physi- 
cian John Redman, Benjamin Rush en- 
tered for his degree at Edinburgh, which 
had then supplanted Leyden as the fore- 
most ceiiLei of European medicine. Begin- 
ning in 1766 he spent two yeais attending 
lectures in medicine and chemistry, sliidy- 
ing classics and mathematics under a pri- 
vate tutor, and enjoying a social and intel- 
leclual life which profoundly mfluenc<‘d 
his latei way of thinking. Foi lus political 
awakening, Rush acknowledges himself 
paiticulariy indebted to a Mi. Bostock, 
whose lather had commanded a company 
under Oliver Cromwell. From Bostock lie 
first learned the “great and active truth 
[which] became a ferment in my mind” 
that “no form of government can be ra- 
tional but that which is derived from the 
Suffrages of the people who are the sub- 
jects of it.” 

His formal education completed, Rush 
tasted for a few months the high life of 
London and Paris. Having as his social 
mentor the esteemed Dr. Franklin, in 
whose family he had the “peculiar happi- 
ness to be domesticated,” Rush was able 
to meet the leading literary and political 
figures of both capitals. His notebooks are 
full of colorful details and satirical, biit 
never humorous, observations about per- 
sonages and incidents; they are particu- 
larly rich in the trivia of table conversa- 
tions set down in bis grave, rightcntis, but 




BOOKS 

Two historical items: the life of Benjamin Rush 
and David Bradley’s account of the Bikini tests 


nevertheless chaimino; style. His hmhest 
accolades were ieser\ed itn’ th<>-^e who 
weie well spoken and morally earnest like 
himself; piofanity he dete-^ted above 
evei'ything. His glimpses ot the great are 
as pointed as the} are amii5«ing One e\e- 
nmo Sir Joshua Reynolds invited him to 
dine with Samuel Johnson. Oluei Gold- 
smith and se\eral othei “distinguished 
liteiary chaiacters.** Johnson wa^ talka- 
tive and no more ioibeaiing than U'-ual 
Of Boswell, Johnson remarked, “he was 
much given to asking questituis and . 
they weie not always of the most interest- 
ing nature. For instance he will sometimes 
ask Tray, Doctor, why is an apple round, 
and why is not a peai so " Encountering 
the talented Mrs. George Macaulay, au- 
thor of an eight-volume history of Eng- 
land. Rush “took the libeity of telling her 
that some giammalical eirors had been 
made by the pi inters of her history. She 
answered, ‘No. they aie my eirors and n(»t 
the pimteis'. I have continuously refused 
to ha\e them corrected, lest it should be 
suspected that ray history was not alto- 
gether my own.’ ” 

Returning to Philadelphia in 1769. 
Rush soon became one of the city's prom- 
inent physicians. No man e\er worked 
haider. with less self-indulgence and more 
self-denial. “My shop was crowded with 
the poor in the morning and at meal times, 
and nearly eveiy street and alley in the 
city was visited by me every day." Though 
his income was large, be was in the fie- 
(juent habit of i;emitting fees, as egotisti- 
cal as he was generous- he repeatedly calls 
attention to these benefactions in the jour- 
nals. It lb characteristic of the man. of his 
candor, of his curious mixture of material- 
ism and unselfishness, to explain even in 
the account written for Iris children that 
he sought the poor as patients because he 
had “a natural sympathy ■with distress of 
e\ery kind'’ and also because having “no 
patronage or po'werful family connec- 
tions . . . [this was] the only mode of suc- 
ceeding in business which was left for 
me.” He took no vacations; when he had 
a raie fiee afternoon “he took his buys to 
see an exhibition or visited somebody who 
might have useful facts to contribute.” 

Beginning in 1773 Rush took an in- 
creasing interest in “the contro\ersy be- 
tween Great Britain and the American 
colonies.” Under a variety of pseudonyms 
he wrote political tracts in favor of inde- 
pendence and was soon “admitted into the 
ccrnfidence" of many of the early leaders, 
including Thomas Jefferson, John and 


Samuel Adams, Patrick Henry. Da\id Rit- 
tenhou.se and Tom Paine. “I waited upon 
nearly all the members of the first Con- 
gre^-^. and entertained most of them at mv 
table." As a result of his political discus- 
sions with Paine, the famous Common 
Sense made its appeal ance — a wmrk for 
which Ru«h not only suggested the title 
but contributed advice as to content. 

In 1776, having participated in the af- 
fairs of numerous revolutionary commit- 
tees and con\entions. he was designated to 
^erve m Congress as a representative of 
Pennsylvania “A few days afterwards I 
^ubsciibed a copy upon parchment of the 
Declaration of Independence." For a time 
he served as “physician general" in the 
Continental Aimy. Appalled at conditions 
in the hospitals, he sent several letters to 
George Washington describing what he 
had seen, including the malpractices of 
leading officials. While his principal rec- 
ommendations for reform 'weie adopted, 
his vigorous denunciation embroiled him 
m controveisy, and in 1778 he lesigned his 
commission and returned to practice in 
Philadelphia. 

In 1793 the city ■was struck by an epi- 
demic of yellow fever. Rush drove himself 
unsparingly in tending the victims, but his 
method of treatment and the steps he de- 
vised for combatting the causes of the epi- 
demic brought him into bitter clashes with 
his colleagues. “No ties of ancient School 
fellowship, no obligation of gratitude, no 
sympathy in religious or philosophical 
opinions, were able to resist the tide of 
public clamor that was excited against my 
practice.*’ His medical theories provoked 
“torrents of abuse.” especially’ from the 
pen of William Cobbett, who at the time 
published a Philadelphia newspaper. 
Rush’s “business” fell off sharply and al- 
though in 1797 he was vindicated in a fa- 
mous libel suit against Cobbett, irreparable 
harm had been done to his reputation. 
Overworked, embittered, jealous of his 
theories- incapable of self-criticism, devoid 
of any sense of humor. Rush found this 
hostility particularly hard to bear. Yet he 
went on. full of energy, in his work, his 
studies, his teaching and writing. In 1797 
he was fortunately able to “supply” the 
diminution of his resources by accepting an 
appointment as Director of the U.S Mint. 

From our vantage point in history it is 
not too easy to determine the merits of 
the disputes that raged over Rush’s medi- 
cal system. It was to William Cullen, Edin- 
burgh's noted physiologist, that Rush 
owed the medical theories that originally 
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Now at last, between 
covers of one giant book, 
has been gathered the most 
use.'ul, complete and au- 
thoritative fund of informa- 
lion on science ever pub- 
lished More than Ihiny-six 
leading scienlis s and pro- 
fessors have Worked for years 
to put this wealth of knowl- 
edge at your command. The 
principles and actual appii- 
cytions of the physical 
sciences and engineering 
skTs are described In detail 
— through coun less interest- 
ing articles illustrated by 
thousands of vivid photo- 
graphs and diagrams Or- 
ganized by a new key-word 
plan that gives you instant 
answers to all your ques- 
tions, this vast one-volume 
library is invaluable for 
quick reference or systematic 
study. 
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FIRST HOSPITAL in America was Lnilt by Rush and others at ihc corner 
of Eighth and Pine Streets in PhiladclpJiia. The hospital is still standing. 
Altliough Rush’s medical theories differed from those prevailing in Ids time, 
he made no outstanding contribution to the future practice of xucdicinc. 
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MAP OF PHILADELPmA in R.U8h^s day shows the location of his hospital. 
It is at the lower left, ^^ the ntunber 15. Rush hhhself toured the 

pity indefatigahly in his medip^l practice. He sought the poq;r patients 
hepairso, he wrote, ihe had a sympathy with distte^ of eyery kind.” 


set him apart from most o£ lus colleagues 
and lirought him as much of unhappiness 
as of fame These theoiies, in Cornel's 
woids, postulated “that the neivous sys- 
tem is the souice of life, and that disease 
is due to faiiiue of its regulatory poweis.” 
As fai as the patient’s chances of lecoveiy 
were concerned, Rush’s theories were 
neither appieciably better nor worse than 
the theoiies of Heimann Boeihaave of 
Holland, which they gi adually supplanted. 
In Rush’s modified system, it was held that 
ihere was only one kind of fevei ; that it 
was caused by “ovei -excitation,” piimaiily 
of the blood vessels, and that cuies could 
be effected by diet (“stuff a cold and 
sLaive a fever”), “heavy purging with 
jalop and calomel, and bleeding to the 
limit of loleiance ” 

Except foi tlie diet featiue, which could 
not fail to seive a useful puipose in an 
age when anyone who could affoid it usu- 
ally ate himself into a stupoi every lime he 
dined, it is incomprehensible why Rusli’s 
methods should have been any more suc- 
cessful duiing the yellow fever epidemic 
than those practiced by the more conseiva- 
live physicians. Statistics are not available, 
yet the gcneial impicssion is thal Rush 
did obtain belter resulls — a fact that was 
not the least of the pi evocations to his 
enemies. 01 course it iievei occuiied lo 
him — he was, as Coinei leminds us, ])oth 
genius and intellectual fumhlcr — lhat a 
liealmeut “which inevUahly pioduci's 
genciai debility, to relieve excitemenl of 
blood vessels supposed lo icsult in the 
fust place from debihly” had something 
quaint, not to say illogical, about it. But 
neitliei Rush noi the other 18th-centiuy 
practitioners were distuibcd by such con- 
tradictions; their systems throve on para- 
doxes, even if their patients did not, 

I legiet that space forbids a fuither 
sampling of the contents of these absorli- 
ing journals. Among theii moie striking 
cnliies aie descriptions of the speculation 
craze and the great Sciipt Bulible in which 
the nicmbcis of Congiess as well as luim- 
hler citizens were caught, of Philadel- 
phia’s social and political life at the turn 
of the century; of all manner of oddities, 
including a “learned pig” which cost a 
thousand dollars, was a foot high” and 
showed an amazing viiluosity in the arts 
of counting and spelling; of John Quincy 
Adam&’ views on Prussia; of the virtues 
and foibles of various patriots; of Mrs. 
Duches’ delicate stomach. Apart from 
Its solider merits, the autobiography is 
a delightful museum of curious scien- 
tific facts, anecdotes, vulgai errors, medi- 
cal lore and obituaries. That the last 
category represents a major but lost art 
may be judged by comparing Rush’s tart, 
brilliant, unliypo critical sketches with 
what passes for an eloge in the modern 
newspaper. His brief delineations of the 
other signers of the Declaration of In- 
dependence are masterly, if not altogether 
unprejudiced. 

When Charles Thompson was asked to 
write a history of the Revolution he le- 
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fused, saying. “Let the ’vvurld admire the 
supposed wisdom and valor of our great 
men. . . I shall not undeceive future gen- 
erations.'* Better than anyone else could 
have done it. Rush lias revealed himself 
to us as he really was. A man of extraor- 
dinary abilities, of austeiity, force and 
courage — also a man of strange contradic- 
tions. His writings at least have not de- 
ceived “future generations." Among the 
sketches of the signers appears his own 
selt-appraisaL the single line: 

-“Benjamin Rush. He aimed well.” 


i^o Place To Hide, by David Bradley. 
Little, Brown & Co (§2.00). 

T his book is the story of the atomic 
bomb tests at Bikini, told by a young 
physician assigned to the operation 
as a “radiological monitor,” During four 
months spent in the Pacific, David Brad- 
ley’s main tool and almost constant com- 
panion was a Geiger counter, which he 
used to measure the radiation aftereffects 
of the two explosions. Within a few min- 
utes after each burst he flew o\er the 
targets. Later he examined ships, water, 
coial, algae, pigs, fish, and other items, 
organic and inorganic, which had been 
deliberately or accidentally exposed to 
radioactivity. His observations, personal 
and scientific, were recoided in a log upon 
which this little book is based. 

The scientific infoimation contained in 
No Place To Hide is familiar enough to 
those whose piofessional interests lie in 
this direction. But because the Presi- 
dent has so far refused to release even 
a censored version of the report by the 
Joint Chiefs of Staff Evaluation Board, 
these and other essential facts have not 
been made known to the general public. 
In view of the disclosures of the Smyth 
Report and of the urgent need for dispel- 
ling gross speculations and myths about 
atomic weapons, this is a strange stand. 
One may suppose that the official policy 
of secrecy prevented Dr. Bradley from 
giving a more complete account of even 
his limited experience. 

From a military standpoint the Bikini 
operation, involving 42,000 men and cost- 
ing tens of millions, was something of a 
fizzle. It confirmed “what was already 
known of the effectiveness of a chain 
reaction as an explosive.” It proved also 
what was already suspected, namely that 
when an atomic bomb is exploded in 
water, radioactive particles are sprayed 
about and spread in deadly profusion by 
the water's motion. Target ships in the 
lagoon, for example, staunchly withstood 
the blast waves, but radioactivit)^ emanat- 
ing from fission products left the vessels 
uninhabitable for months, perhaps years. 

The amount of radiation produced by 
the explosions was enoimous. One ten 
millionth of a gram of radium is the maxi- 
mum the human body can absorb at one 
time without pathological consequences; 
the tests, as Bradley points out, released 


radiation equivalent to tons of radium 
Wliat this would signify if atomic bombs 
\veie used in actual combat at sea is easy 
to imagine. The surviving crew members 
would be forced to abandon ship immedi- 
ately and to flee through neighboring 
waters more dangerous than any mine 
field. The inhabitants of harbor cities 
would also face the hazards of waterborne 
fission fragments, although to a lesser 
extent. 

The military undoubtedly learned some 
useful facts at Bikini, e'^pecially in re- 
gard to the offen^iv'e possibilities of atomic 
weapons used against poits. haibors and 
naval vessels. The plain man. who also ha^ 
a stake in the matter, remains in a con- 
dition of Ignorance and anxiety Dr Brad- 
ley's account does not. in my opinion, sub- 
stantially relieve either condition. 

I am inclined to think that No Place To 
Hide has been widely acclaimed for the 
very reason that it slmuld be condemned. 
It IS a sincere but misguided attempt to 
frighten and to bonify, with the vague 
hope that somehow this may do some good. 
What good? Dr. Bradley was apparently 
disturbed at finding the people of San 
Francisco — the first city he visited on his 
return — “busy and happy, well fed and 
vvell amused,” uninterested in the Bikini 
tests. This “customar)’ euphoria” made 
him uneasy. Yet how would he wish peo- 
pL to behave? And what constructive 
purpose does he seek to achieve in telling 
this sort of story? 

It is surely obvious that the American 
people — all people — are deeply afraid of 
atomic bombs and of another war in which 
they may be used. Every public writing 
and utterance, everything that is broad- 
cast, is designed to feed this fear. The 
policy of the Administration, insofar as 
there is a policy on this subject, is to pre- 
serve ignorance of the w.eapon on the 
ground of national security; this in turn 
leads to wildly mounting conjectures and 
to more fear. In this book, with its faint 
mood of approaching doom, its preoccu- 
pation with the hideous dangers of radio- 
activity. its total failure to place in i ation- 
al perspective the realities of atomic war- 
fare, including the feasibility and likeli- 
hood of the large-scale use of atomic 
bombs, Bradley does a disservice to the 
very cause he seeks to promote. The ac- 
count imparts enough information to pro- 
voke excitement and to intensify an al- 
ready widespread sense of fatalism and 
helplessness; it is too incomplete to con- 
tribute to clear thinking on what is admit- 
tedly a terrifying but not necessarily an 
insoluble problem. 

It is of course unfair to criticize Brad- 
ley for not writing a wholly different kind 
of book; it is fair, on the other hand, to 
criticize him for the inevitably mischie- 
vous results of the book he has written. As 
an antidote to feeling sorry for ourselves, 
and as the first step to a saner outlook, I 
recommend the reading of Patrick M. S. 
Blackett's MilitUTy and Political Conse^ 
qaences of Atomic Energy, 
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Conducted by Albert G. Ingalls 

S TREET lamps, houses and Liees about 
the home of this wiiter keep him 
iiom engaging in one activity of 
amateur astionomeis obseiving variable 
stais. To compensate fot this shoitcom- 
ing, he recently joined the Ameiican As- 
sociation of Variable Stai 01)seiveis 
(AAVSO), and observed some of the ob- 
seiveis. Attendance at one of the Iwice- 
yeaily week-end meetings, the one in the 
fall of the year always being held at the 
Haivaid College Obseivatory, permitted 
a close view of this compact, efficient 
oiganization and gave answers to many 
questions that otlieis have been heard to 
ask Just how are vaiiable stars observed V 
What is the motive foi this activity which, 
on the face ol it. appears to lie duidgery*'* 
Since many vaiiable stai oliseiveis work 
earnestly at their avocation yeai in and 
year out, il oljviously must have a hidden 
alLi action. 

The atti action is the sum of a numbei 
of things. The AAVSO is rnainly an ama- 
leui oiganization. Its members do scienti- 
iic work lliat professional astionomeis 
caiinoL because there are too few of them 
flee to keep close watch on some 600 se- 
lected varialile stars. That work is de- 
sciibed in liteiature available from the 
AAVSO Recordei, Harvard College Ob- 
seivatory, Cambiidge 38, Mass. 

When a candidate applies for member- 
ship in the AAVSO (dues $3) and is 
elected, specific areas of tlie sky, usually 


tliiee degiees square and containing a 
paiticulai vaiiable stai, aie assigned to 
him. He receives 10 charts showing these 
and the background stars, with instruc- 
tions that tell him how to pioceed for tele- 
scopes with Ol without setting cncleb. 
Telescopes of tlnee-inch aperture or larger 
aie suitable foi this woik. It happens, 
incidentally, that not all vaiiable star 
obseiveis make then own telescopes. 
They aie geneially satisfied with using 
them. 

The candidate studies the chai Ls and 
the col responding areas in the sky which, 
aftei some obseivalion, become as famibai 
as the back ot his hand. On the charts 
mimeious nonvaiial)le. or constant, stais 
aie designated with numbei s that accu- 
lately indicate their magnitudes to tenths. 
The observer selects two of these constant 
stars, one a little brighter and one a little 
iainter than the variable, and estiinalos 
how bright the vaiiable is in compaiison 
witli them. As an example, suitable com- 
paiison stars aie maiked on one cluuL as 
magnitude 8.8 and magnitude 9.2. By in- 
terpolation, the neaiby variable is esii- 
malcd by the obseiver at, say, 8.9. This is 
entered in a recoul book and each monlli 
leportcd to the Recordci on a special 
blank. Observations for other variables on 
the several charts assigned the obseiviu 
are similarly recoided. 

Doing this and nothing else would soon 
become a boie. However, as soon as tlie 
beginner has become acquainted with the 
fields assigned to him, he is encouraged to 
loam the sky and extend his obseiving list. 
He may observe any and all variables for 
which he has charts. On a single night, as 
a matter of fact, several observers may 
work U) observe the same variable stai. 


V aridhle star dbsetvers meeting at the Harvard College Observatory 
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In the course of trme the vaiidhle ^^tar 
observer studies the sky in detail. Thu^ 
variable stai observing provides a good 
motivation for studying the whole sky. 
This, many amateur astronomers find a 
little difficult without the guidance of a 
progiam in which other observers are in- 
volved. 

Observation of the observei=5 at a single 
meeting suggests several possible reasons 
ior their year-in, year-out loyalty to the 
AAVSO It is a pui poseful organization 
in which ‘^erious telescope owmers may en- 
joy the dignity and some of the status of 
the professional astionomer. Some have 
even become professional 3 . An additional 
attraction of AAVSO membership is the 
scientific and social fellowship of kmdied 
spirits. The tone of the AAVSO is digni- 
fied but not stuffy. 

The members receive a great deal of in- 
dividual lecogmtion for their efforts, both 
from the professionals and fellow ama- 
teurs. Rising votes of thanks, with pro- 
longed applause, pleasantly embarrass 
many successful observers at AAVSO 
meetings. 

The organization is expertly lun, wbicb 
is another satisfaction to its members. Its 
business sessions aie short and to the 
point. The scientific sessions are con- 
ducted like those of other scientific socie- 
ties, even though no moie than 50 AAVSO 
members constitute the audience The 
limited numbei of papers read, usually 
about 10, prevents somnolence. 

The accompanying social sessions are 
ai ranged on the premise that people at- 
tend conventions mainly to talk with one 
another. At the conclusion on a Satur- 
day evening of the autumn meeting there 
is a banquet marked by sociability and 
scientific pronouncements- Each year the 
AAVSO meets twice; once in October at 
Cambridge, and once in the spring m vari- 
ous other places. 

There is a keen, friendly competition 
among AAVSO members. Everything that 
any member does in the time he can devote 
to observing is made known to the other 
members through the publication of indi- 
vidual observations. There is, howevei, a 
great variation in the amount of time that 
the members can devote to their avocation. 
In the year ending last September each of 
24 members made 50 to 100 observations ; 
32 members made 100 to 200 observa- 
tions, 13 membeis made 200 to 500 ob- 
servations; 13 members made 500 to 1,000 
observations; six members made 1.000 to 
2,000 observations ; and six members 
made 2,000 to 7,500 observations. 

The heavyweight champions in the 
2,000-to-7,500 observation group were 
Ahrent of Germany with 2,582 observa- 
tions; Peltier of Ohio with 2.598 obser- 
vations; Paletsakis of Greece with 3,473 
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Cambridge 40 Mossachusetts 


EVERYTHING 
FOR THE AMATEUR 

TELESCOPE 

MAKER 

Precision Workmanship 
Quality Supplies 
Money Back Guarantee 
e 

KITS — Our Specialty 

Complete 6^^ Kit $5.50 up 

Pyrex Kit, 6 '' - . $7.50 up 

Other Sixes Proportionately Low 

PYREX MIRRORS 

Made to order. Correctly Figured, Pol- 
ished, Parabolized and Aluminized. 

ALUMINIZING 

WE GUARANTEE 
A Superior Reflecting Surface, 
Optically Correct Finish. 

Will not Peel or Blister. 

LOW PRICES 
• 

MIRRORS TESTED FREE 
PRISMS— EYEPIECES 
ACCESSORIES 

FREE CATALOG 

PRECISION 

OPTICAL SUPPLY CO. 

1001 EAST 163rd ST. 

New York 59, N. Y. 


WAR SURPLUS 

-TERRIFIC” BARGAINS 

3X ELBOW TELE- 
SCOPE — BTand 
new, has 1" Achro- I 
malic Objective, 1 
Amici Prism Erect- I 
ins Sjsteia. 

Achromatic EiC and 
Field Lens. Small, ^ 
eoniDact. light 
weight. 2 lbs. Govt Cost $200 Our Price $^,50 

OPTICAL PEEP SIGHT— Use 

as caniLi a view finder, etc Image 
appears on bullstje reticle. Xo 
puralldN far any tii*,tance Same 
pniuiple (ommerciaUy u-ed by 
shotgun ‘Sight mfg Dia 37 nun. 
Weight ozs Governiuent 

lOSt $10.73 Am gA 

Oiir price Postpaid 

40 POWER 




Coated Optics 



4nX~WONDER- 
FUL for Astronomy 
30X— SUPERB 
for Long Distance 
20X— EXCELLENT 
Spotting Srope 
loX— FINE for Close Study 

FOUR TELESCOPES ttt ONE 

because of Adjustable Power Eje- 
piece (Not War Surplus.) One of 
the Finest Pre i&ion American- made 
Teletcnpes Achroiuatie ObjetUve Lens 
diameter Length tlosed, open, 

firms''. Genuine Leather covered Weight, 28 ozs. 

ACHROMATIC TELESCOPE OB- 
JECTIVES— Perfect Magnesium Flu- 
oride Coated and cemented govern- 
ment surplus A» hromat'i Made of 
fliieit Crown and Flint optical gla^s, 
are fully eorrcMeil and have tremend- 
ous resolving power Guaranteed well 
suited for Astronomical Telescopes, 
Spotting Scopes, etc. 



FOCAL LEJIGTH 

6b0ni/m {23^") 
SrSm/m 

GSliu/m (15") . 

fi22m/m (2414") 


EACH 

...$10.75 
...$25.00 
. .$19.00 
. .$22.50 


TANK PERISCOPE— Brand 
Xew: contains two optical 
systems, one power and sis 
power which have many 
lenses and prisma. All coat- 
ed optics, focusing wide an- 
gle eyepiece This is one of 
the latest Army designs in 
periscopes Weight 18 Ibs. 

Postpaid $29.50 


RIGHT ANGLE PRISMS, for direct positive 
photography or astronomieal telescopes. 



8 mm Face , 
23 mm Face . 
30 mm Face , 
3S mm Face 
47 mm Face 


ea$ .75 
ea 1.25 
ea. 1 .75 
ea 1.75 
, ea. 3.00 


SPECIALS!!! 

SPOTTING SCOPE or MONOCULAR LENS 
SETS— Consists of cemented Achromatie Objec- 
tive, two Prisms, Eye and Field Lens and Dia- 
gram. 

8 Power Set, $5.25 . . 5 7.75 


11 Power Set, 5.00 


27 Power 
Set 


11.85 
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F 1 9 ANASTIGMAT LENS SYSTEM mounted, 
ideal for 35mm projector FL91, 44mm 
Use as enlarging or photographic lens $o.OO 

KODACHROME PROJECTOR LENS SET— For 

35imtt sUdeti, Including lenses, heat- 
absorbing glass and Instructions ^ I.Va 

HOBBYIST LENS SET— Here'S a Bargain. Our B 
LEADEIt. 10 Assorted Lenses Contains Art 
Magnifiers. Eedudng lenses, etc . Set r ■ -VW ^ 


“MILLIOHS’' of Lenses, etc. 
Send stamp for “Bargain" List. 


WE PAY THE POSTAGE 


A. JAEGERS 


93-08A 95th Avb. 
Ozone ParK 16. N. Y, 


J 
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WAR SURPLUS 
RARGAINS 

GOVERNMENT'S 7 x 50 BINOCULARS 
ASSEh^BLE THEM YOURSELF! 

Complefe Op+icsl Complete Metal Parts! 
Save More Than (/2 Regular Cost 

METAL PARTS— Set 
includes all IMetal Parts 
— completelv linislied — 
fur assembly of 7 \ 50 
Binoculars, No macliin- 
infc reciuirod Bodies 
lu\o been faetou' lilnijed 
and covered A sturdy 
Binocular Carrjujff Case 
is optional with each set 
of Metal Parts 
Stock j±842-S $39 40 

Postpaid plus $4 80 for 
Case — Total $44 20 

OPTICS— Set Im lodes all Lenses and Prisms vou need for 
assembliiis 7 \ 50 Binoculars These Optics are In execdlent 
condition— perfect or near perfect — and ha\e new low re- 
ilection eoatinK 

Stock #5I02-S 7 X no Optics . $25 00 Postpaid 

(These are standard Amertcan-ntade parts . , . not 
Japanese, French or German,) 

NOTICE' Add 20':^ Federal Euise Tax to abrne prices if 
30 U order both Biiioeular Optics and Binocular Metal Parts 

ARMY'S 6 X 30 BINOCULARS 

COMPLETE OPTICS & METAL PARTS— Model M-I3AI, 
Waterproof Model, 6 x 30 Binoculars Kvervth nx \mi need 
— leadv for asseinlilv When finished will look Hire a regular 
factors job costing $102 to $120 The Optics are new. in 
perfeit or near-peifeet (onililioiu Have new low reflection 
coaling Metal parts are new and perfect, all eoinpletelv 
finished No mat lulling reciuued Bodies taetorv hinged and 
covered. Complete assembly instructions int hided 
Stock ^f830-S . , . $40 00 Postpaid 

plus $8 00 tax — Total $48 00 

MOUNTED ANASTISMAT LENSES 

Used for iTojeetors EnhipReis, CopjliiK Ciinieras Complete 
with Sind ter and Diaphragm, Value olioiit $20 An excellent 
bnv WE WILL INCLUDE FUEE JLLDSTllATEI) 
BOOKLET on 1U)\^ TO MAKE YOUU OWN EN- 
LAKCKU 

Stock #8004-S Speed f/7,7, focal length approx 127 mms 
Suitable for pictures, negatives, positives up to 3!/2"x4'/4" 

$7,50 Postpaid 

Stock # 800G>S Speed of f/7 7, focal length approx 100 
mms Suitable for pictures, etc up to 2l/4"x3'/^", 

$8 SO Postpaid 

8 POWER ELBOW TELESCOPE 

Gov’t Cost $.200 00! Our Price $17,501 

Big 2" diameter objective All lenses Achromatic Aimed 
prism erects the image 1 Imilt-ln filters — clear, amber, 
neutral and red Sliglitlj used condUioii but all guaranteed 
for perfecd working order Weight 5 Ihs Can be earned but 
a trifle bulkj Excellent for finder on Astronomical Tcdc- 
stope. 

Stock #943-S ... . $17.50 Postpaid 

Arnij Air Force ASTRO COMPASS (Not a magnetic cum- 
pasb) Used as a means of indieatuig beading of aiieratt 
from position of stars Excellent tor amateur astronomers 
Govt eoA abunt $11)0 Cstd Imt xn good condition 
Stack #944-S . $8.00 Postpaid 

20X PRISM SPOTTING SCOPE SET— Consists of all 
lenses and prisms (slightly elupped) jciu need to make a 
good, standard 20X Spotting Snipe Low rcfieetion coated 
57 mm. clla Aehrttmahe ohjeedive. Some Metal Parts in- 
cludecL "We furnish directions. 

Stock Si 45-S $22 00 Postpaid 

(Also surpUis Itiflesenpes — Write for Bulletin I8-S) 

TELESCOPE EYE-PIECE — Consists of 2 Achromatic 
Lenbesi, F L 28 mm 

Stock #5140-8 $4.50 Postpaid 

POLARIZING OPTICAL RING SIGHT 

(UnmounteiD Used in gun sights — especially for shot- 
guns. As jDu look through you .see a series of rings that 
you superimpose on jour target. No front sight reciulred 
Increases degree (if acLuracj 

Stock #2067 -S , . $4 00 Postpaid 

SLIDE PROJECTOR SETS — Consist of all unmounted 
lenses you need to make the following size projectors; 
Stock 5F4038-S 2'/4 "x 2'4" . $3.35 Postpaid 

Stock #4039-S 2Va'"x3'/a'" . $3.35 Postpaid 

Stock #4Q29-S 35. mm. . . $2.85 Postpaid 

CONDENSING LENSES — Seconds, but suitable for En- 
largers and ^ipotUghts 

Stock #I06I-S . B'A" dia., S'" F L. $2.50 Postpaid 

St6ck#l0BQ-S ., 5" dla., 7" F.L, . . , $1,00 Postpaid 

Stock #1084-S 2W dla., 4" F L. ... $L00 Postpaid 

35MM KODACHROME PROJECTING LENS SET— Con- 
sists of a mounted projeeting lens, heat absorbing glass, 2 
condensing lenses^ 

Stock #4035-8.. .. $4 85 Postpaid 

WE HAVE ETFERAIXY HIIXIONS OF WAR SER- 
PLES AND PRl$M$ FQR SALE AT BAR- 

GAIN PRICES. WRITE FOR CATALOG — 
SENT FREE. 

Order by Stock No<^ « SatlsfaeHoit Guoraitteed 


obseiwations ; Ghes&apis of Greece witli 
3,642 observations ; de Kock of South 
Africa with 4,729 obseivations; and Fer- 
nald of Maine with 7,b04 obseivations. 

These six ciack observeis leally woik 
at then job. Togethei they account foi 45 
per cent of the year’s grand total of 54,370 
observations. These aie made by 154 ob- 
servers m 18 nations, of whom the U. S. 
has 105. Greece is second with 11. 

In the photograph on page 60, Gyms 
F. Fernald of Maine, the champion vaiia- 
ble stai observei, stands in the center 
with hands crossed. The second man at 
his light, weaimg a checked tie, is 
Leon Campbell of the Harvard College 
Ohseivatory, the AAVSO’s Recorder, one 
of its oiganizeis, and for more than 30 
years its activator The man second fiom 
Dr CanipbelFs right, wealing a daik 
suit, is Harlow Shapley, directoi of the 
Haivaid College Ohseivatory. In lecent 
yeais Dr. Campbell has also been re- 
sponsible foi the actual promotion of 
work among active AAVSO members. In 
the lear center shows your scribe’s left 
eai — an appiopriate repiesentation loi a 
listening, lowly, non-obseiving freshman 
membei 

In addition to variable star obseivmg, 
the AAVSO sponsois the oiganized ob- 
servation of the occulta! ion of slais by 
the moon, and the systematic obseivaLion 
of sunspots. It also maintains a nightly 
watch of the sky for the sudden appeal - 
ance of a Inight nova, 

Cyrus Fernald wiitcs: “The companion- 
ship with the other ohseivers and with the 
staff of the Haivard College Observaloiy, 
not to mention other obseivatories, com- 
bined with the sense of satisfaction that 
comes fiom the knowledge that one’s ob- 
servations are doing some good, is a rich 
reward for the time and effort that is put 
into the work. 

“I am,” he continues, “one of those who 
made telescopes from the instructions in 
Amateur Telescope Making and Amateui 
Telescope Making — Advanced. Fiom my 
16 years’ expeiience with it I am ihoioiigh- 
ly sold on the Spiingfield mounting. My 
ideal would be an 8- to 10-inch telescope 
of about 70- to SO-inch focal length, with 
electric drive and slip ring R. A circle.” 

I N the photograph at the right Chester 
Brown of 1117FouileenthSt., Spokane, 
Wash, an active member of the Spokane 
Amateur Astronomers, may be seen sitting 
indoors examining the sky through a re- 
fracting telescope that points downward 
through a hole in the wall. This is possible 
because there is below the telescope a flat 
mirror (^ee drawing at top of opposite 
page) which reflects the rays from the 
particular part of the sky toward which it 
IS turned. The rays then pass upward into 
a lens. The telescope itself is permanently 
fixed in position, though it can rotate on 
its own lengthwise axis. 

Since the obseprer is sitting indoors, he 
calihot find objects srmply by looking at 
the sky. Instead he wofl^ most accurately 


EDMUND SAIVAGE CO. 

a tk. AI^PUBON, NEW JERSEY 




by an indirect method. The control mecha- 
nism of the auxiliary flat mirioi is 
equipped with a giacluated setting ciicle, 
and turns on an axis. The telescope, loo, 
may be rotated, tinning the miiioi with it 
in a direction at light angles to the fiist 
motion; this dheclion is measiued by a 
circle marked in degiees. From the astion- 
omer’s Ephemeiis the obseivei ascertains 
the coordinates of Ins star, cjiuckly sets the 
innroi in both diiections, and the slai ap- 
peals in the centei of the eyepiece. 

Like all good things, indoor telescopes 
of whatever type have minor drawliacks, 
but one point outweighs ihem all. This is 
plain comfoit. In the phoLogiaph Biown 
sits serenely in his shiiL sleeves. Outdoors 
in Spokane, it has been 30 degrees below 
zeio, but Blown has not had to slap his 
hands to keep them warm It has also been 
108 degiees above zeio, at wliich time lie 
has not had to slap mosquitoes. 

The indoor telescope is not, liowevei, a 
suitable type for the beginner’s first in- 
stiument. It might well be the second. The 
beginnei should put in his apprenticeship 
outdoois on the conventional frost- and 
mosquito-bite telescope, and learn the sky 
as a whole. It is said I hat, due largely to 



Chester Broivn and polar telescope 


then use of the convenient setting circles, 
some piofessional aslionomeis have never 
learned the constellations as thoroughly as 
some amateurs who do not use them. 

J. M. Floleman of Richland, Wash,, who 
made the accompanying photographs, also 
coated the lenses and aluminized the flat 
mirror of Brown’s telescope. Holeman has 
furnished some details concerning the tele- 
scope; Blown has furnished others. It is 
of the Grubb-Gerrish type described in 
Bell’s 71ie Telescope and in Amateur 
Telescope Making, The objective lens and 
barrel are pans of a 44/4-inch Bardou re- 
fractor of good quality. Brown made the 
flat from a 6-incli Pyrex blank. 

Shown in the photograph aie some ac- 
cessories for finding stars rapidly. A wrist 
watch adjusted to sidereal time hangs 
above the telescope. Beside it is a chart 
to convert the positions of certain well- 
known stars to hour angle for adjusting 
the setting circles in order to begin the 


night's observing Below this is a shallow 
chait box with ,a ground-glass covei, con- 
taining, for illumination, two six-volt la- 
dio lamps that run on cm lent from a 
traiisfoimer The charts of the heavens aie 
placed on the face of the ground glass. 
This could be done, for example, with the 
special charts of the AAVSO Since these 
are drawn mveited. and reveised for use 
with refractors, most observers who own 
reflectors use them with a mirror. Brown’s 
telescope already has a mirror below its 
objective lens, which inverts but does not 
reverse the image of the sky. Hence he 



Elevation of the polar telescope 


inserts the chaits in the box face down, 
so that when he looks through the charts 
from the back they coriespond to what he 
sees. 

The hour scale or right-ascension (celes- 
tial longitude) circle, visible as a white 
belt around the barrel of the telescope 
tube, is held in place by a tension spring 
{see drawing below ) , but may be loosened 
to slide it ai ound the telescope and corre- 
spond to the date of observation- There- 
after it is driven with the telescope by a 
110-volt clock motor of one r.p.m., which 
shows above the observer’s thumb in the 
photograph. Other parts such as worm 
and segment gears were taken from a war- 
surplus gyropilot which cost $5. 



Polar telescope drive and controls 


The flat mirror is tilted in its yoke by 
means of a worm-driven flexible shaft or 
cable; its black knob is seen atop the tube 
of the telescope. This cable passes through 
the inside of the tube, emerging through a 


hole halfway down and, with a worm on 
Its lower end. actuates a woim wheel iden- 
tical with the one at the top. The control 
knob is geaied. through an attached gear 
tram and worm, to a declination circle on 
the left side of the telescope. Brown has 
many telescopes, but likes this one best 
because of its indoor ohseivation feature. 

The drawing, made by Russell Porter 
after a rough sketch by Brown, shows the 
tube and, aiound its lower part, the yoke 
that is integral with it. Both are rotated 
90 degrees; this is to say, the declination 
contiol and focusing screw are not in the 
same positions as in the photograph. The 
pivoted thrust-bearing below the yoke fits 
into a hole in a wooden cap on the post. 
Aitex the telescope was adjusted parallel 
with the earth’s axis this cap was nailed 
to the post. The yoke is made of one-inch 
pipe and the telescope is attached to it 
with strap-iron clamps The upper bearing 
of the telescope, just outside the house, is 
an aircraft-type ring bearing. 

HROUGHOUT much of the literature 
of telescope mirror -making the terms 
parabola and paraboloid are used inter- 
changeably as if the two were synony- 
mous. Of course nearly eveiybody under- 
stands what is meant, a paraboloid being 
the two-dimensional surface generated 
when the one-dimensional curve called a 
parabola is rotated about its axis. The 
escape from the alleged crime is that when 
a mirror is called a parabola its cross 
section is described. 

What more rightfully rubs the mathe- 
matician’s whiskers backward is calling 
the paraboloid a curve. Being two-dimen- 
sional, it is a surface. In sum, then: 

Parabola: one-dimensional, curve. 

Paraboloid: two-dimensional, surface. 

"WTALKDEN of London mentions a 
W wrinkle for observing with his rich- 
est-field telescope. In an ordinary straight 
view where the telescope tube is fixed, as 
on a mounting, the central 20 degrees of 
the field may be good and the margins 
fairly good, until you swivel your eye to 
get a direct look at them with the central 
part of the retina. Then they seem strange- 
ly dim and also have poor definition. 

What you have done, Walkden points 
out, is to move the crystalline lens of the 
eye sidewise from the Ramsden circle so 
only a crescent of the lens and the tele- 
scope mirror remain in use. This is be- 
cause the Ramsden circle is so close to the 
size of the eye lens: you carefully planned 
it that way when you designed the tele- 
scope. 

The wrinkle is simply to compensate 
this partial eclipse by moving the whole 
head in the opposite direction an amount 
which will come to about a seventh of an 
inch. If the telescope is not on a mounting 
it can itself be moved a little. The chances 
are that the average observer does these 
things unconsciously, but it is still instruc- 
tive to realize just what he is doing and 
why. 



7x50 

BINOCULARS 

MADE TO RIGID MILITARY SPECIFICATIONS 

Brand New 

J44 

With 
COATED 

lenses & Prisms 


These magnificent 7x50 prism binoculars were 
obtained through the Supreme Commander 
of the Allied Powers. They have the briiliant 
luminosity, precise clarity, and wide, undis- 
torted field of view obtainable only with o 
good large glass. Because 7x50 glasses give 
the highest performance obtainable they are 
now the officio! choice of the Army. Navy 
and Marine Corps. This Is your opportunity 
to purchase a brand new 7x50 AT V? OF 
THE USUAL COST. Lifetime construction. 
Lightweight aluminum body. Individual eye 
focusing. Ultra-precise optics, sealed against 
moisture and dust. Unsurpassed by any other 
binoculors, regardless of price. Richly fin- 
ished case and straps included Sold with a 
guarantee of complete satisfaction or money 
refunded. 

Price With Price With 

Regular Optics Coated Lenses & Prisms 

$44* $54' 


*Plus 20^c Federal Tax 
Immediate delivery We pay the shipping cost 



Dept. IK, 24 West 45th St, New York 19, N. Y 




TELESCOPE BLANKS 


Pyrex Brandi Glass 
Manufacturer's Loss — Your Gain 
Normal Cost $50.00 
Siie 16" Diame+er 3" thlclc 
In Original Cases. Only a few left 

Only $12.50 Eoch 

plus transportation 


We oiso have the following Optical 
Polishing and Grinding Equipment — 

50% Off List Price 


tdachinery tn Good Condtfton 
QUAN- MANUFAC- DESCRIPTION ORIGINAL 


TITY 

TURER 

COST 

2 

Elgin Tool Works 4 Spindle, IQ" 
Chicago, III. Block Capacity 

Polishing & 
Grinding Ma- 
chine With 



Motors 

1970,00 

2 

Robinson Houchin Model 109, 4 
Columbus, Ohio Spindle, 10" 

Block Capacity 
Polishing &. 
Grinding Ma- 
chine With 



Motors 

1800 00 

2 

Jacklsh, &. Spanik 3 Spindle, 12" 
Chicago, 111. Block Capacity 

Polishing &. 
Grinding Ma- 
chine With 



Motors 

780 00 

2 

Bailey Vibrator Model G-132, 
Philadelphia, Pa 4 Spindle, 14" 
Block Capacity 
Polishing &. 
Grinding Ma- 
chine With 



Motors 

Cerium Oxide — $2.50 per lb. 

IG36 00 


Abrasives, All Grades — Large Discounts 
Wnfe for Ihf 


• 

Also Diamond Curve Generating Wheels 
at Substantial Savings* List Available 
• 

Disposing of complete lens manufactur- 
ing plant equipment and supplies 

BINSWANGER-HENKIN INDUSTRIES 

641 Union Avenue, Memphis, Tenn. 
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Your First Move 


AT THE FIRST SIGN OF CANCER 

are groundless. Or that prompt 
treatment can bring you out 
on top. 

Remember — you can’t diag- 
nose cancer yourself, but yoU 
can suspect it. Be on the look- 
out for cancer’s danger signals- 
Watch for them in yourself, in 
your friends and in members 
of your family. Write for im- 
portant free booklet — today. 


2 Progressive change in the color 
or size of a wart, mole or 
birthmark. 

4. Persistent indigestion. 

5 Persistent hoarseness, unex- 
plained cough, or difficulty in 
swallowing. 

0 Bloody discharge or irregular 
bleeding from any of the natu- 
ral body openings, 

1 Any change in the normal 
bowel habits. 


W HEN you suspect cancer 
—go immediately to your 
doctor for diagnosis and treat- 
ment. 


Don’t be afraid to learn the 
truth. Your doctor may give 
you the good news your fears 



I Any sore that does not heal, 
particularly about the tongue, 
mouth or lips. 


2^ A painless lump or thickening, 
especially in the breast, hp or 
tongue. 



MAIL COUPON FOR FREE BOOKLET 
THAT TELLS THE FACTS ABOUT CANCER 


AMERICAN CANCER SOCIETY 
47 Beaver Street, New York 4, N. Y 

Please send me free the booklet containing vital infor- 
mation about cancer. ‘ , 

Name, 

Address. i : 

Cify. .... ,Staie 


. J 






mBlIOGlilPIIY 

intciested in jiuihci nniding 
on the subjects covei ed by cuticles in this 
issue may find the lists beloiv heIpjuL The 
lists aie not intended as hihhogi aphies of 
souice mateiial foi the cuticles The lej- 
eiences selected will pi ovule siipplemen- 
icuy infoimntion 

CANCER AND ENVIRONMENT 

0 c:{'liPATIOlNA.L TuMOUS AND AlLU-:!) 

DisKAsKb W. C. HiiejK'i. C C Thnnuis, 
1942 

E^\1I^0NM^:NTAL C\N( KH W C. HllC- 
piM Public Heallli Scivice, U. S. Govcin- 
menl PuJiltng Officx\ 1948 

THE ARRIVAL OE ACETYLENE 

Tin-: Ciii-iMisTHY ok Acktvlknk .lulhiw 
A Nieuwland and Ricluud R. Vogt Rein- 
hold, 1945. 

RkppkY Acetylknk Chemistry. M. H. 
Bigdow 111 Chemical and Engiiieeiing 
News; A pul 14, 1947. 

THE OEDIPUS MYTH 

The Bask. Whitings ok Sigmhnd 
Erkhd. Tran^nlaled J)y A. A. Brill. Tlte 
Modern Libiary, Random House, 1938. 

The Mothers. Rol)ert HriTaull. The 
Macmillan Company. 1927 

THE UPPER ATMOSPHERE 

The Physical State ok the Upjhor 
Atmosphere. B. Haurwiiz. Royal AvStio- 
iiomical Society ol Canada, 1941, 

Physical Properties of the Atmos- 
phere UP to 100 Kilometers. B. Guten- 
berg in the Jouuuil of Meteoi ology, Vol- 
3, pages 27-30, June, 1946. 

THE INVENTION OF ANALYTIC 
GEOMETRY 

History ok Geometrical Methods. 
j. L. Coolidge Oxfoul UuiveisiLy Piess, 
1940. 

A History of the Conic Sections and 
Guadric Surfaces. J, L. Coolidge Ox lord 
snivel sity Pi ess, 1945 

MAPPING MOUNT McKINLEY 

The Conquest of Mount McKinley. 
Belmoie Brown. G. P Putnam’s Sons, 
1913. 

THE RECORD OF HUMAN ILLNESS 

Paleopathology. R, L. Moodie. Uni- 
versity^ of Illinois Press, 1923 
Injuries to the Head Among Prf>- 
CoLUMBiAN Peruvians. R, L. Moodie in 
Anndls of Medical History, Vol. 9, pages 
277-307; 1927. 

Studies in the Paleopathology of 
Egypt. M. A. Ruffer University of Chi- 
cago Press, 1921. 
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Behind the icienlifying Iraclc-mark of 
eveiy product, stands the integrity and 
reputation of the maker. As a chemist, 
you know how important this is in the 
chemicals you use . . . and how it may 
affect the results you get. 

With B&A Reagents, there is no com- 
promise on purity; you are always 


assured of dependable pi*o ducts. That 
is because each B&A Reagent is 
piccision-madc to meet exacting 
pj edetermijied specifications . 

In addition, high manufacturing 
standards . . , advanced production and 
control techniques . . . and more than 
three-score years of experience— all are 


factors that help make Baker & Adam- 
son Reagents the logical choice of 
those who demand consistent quality. 

That is why B&A places the ‘‘Standard 
of Purity’* shield on its products with 
confidence and pride. And that is why, 
when you older laboratory reagents, 
you can specify B&A with confidence. 


0 H£MICALS 


Baker 


GENERAL CHEMICAL DIVISION 

ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, liEW YORK 6, N, Y, 

Offices: Albany"^ ♦ Atlanta • Baltimore • Birmingham’" • Boston* • Bridgeport* • Buffalo* • Charlotte* 
Chicago* • Cleveland* • Denver* • Decroic* * Houston* • Kansas City • Los Angeles* • Minneapolis 
NewVbrk* • Philadelphia* • Pittsburgh* • Portland (Ore.) • Providence* • St. Louis* • San Francisco* 
Seattle • Wenatchee (Wash.) • Yakima (Wash ) 

In Wisconsin: General Chemical Company, Inc , Milwaukee, Wis. 

In Canada; The ISlichols Chemical Company, Limited • Montreal* • Toronto* • Vancouver* 


$ETt I H G TH e f A C E 


C H E M r C A I - P U E I T Y $1HCE 1083 

M, * Complete stocks are earned here. 





Mercury, “mesbenger of the gods,” was slow compared with 
Ultrafax — which moves at tlie speed of light. 


This mGssenffer c/e/zVers a w/Z/fo/i ^vorc/s a mmczfe 


Recently, at the Libraiy of Con- 
gress, a distinguished audience saw 
documents flashed across Washing- 
ton by a new means of communica- 
tion . . . and reproduced in facsimile. 

This was Ultrafax in action~a super- 
fast television communications system 
developed at RCA Laboratories. Repro- 
ductions of any mail— personal, busi- 
ness, or military . . . including police de- 
scriptions, fingerprints, bank drafts, 
government records—can travel at 
186,000 miles a second! 


Material to be sent is placed be- 
foie an RCA flying spot” scanner, 
and ti'ansmitted by ultra-high fre- 
quency ladio signals. Miles away 
the pictures appear on a picture 
tube and are photograj)hed. Nega- 
tives ai'e ready for printing or pro- 
jection in 40 seconds. 

Eventually, when Ultrafax comes 
into commercial use, a complete Sun- 
day paper— every word, every picture 
—may cross America in 60 seconds . . . 
a letter in tlie twinkling of an eye. 


Science at work . . ♦ 

Ultiafax is but one of scores of ma- 
jor achievements pioneered at RCA 
Laboratories. This leadership in sci- 
ence and engineering adds value 
beyond price to any product or serv- 
ice of RCA and RCA Victor. 

Examples of the newest develop^ 
mentsin radio, television, and electron- 
ics may he seen in action at RCA Ex- 
hibition Hall, 86 West 49th Street, N.Y. 
Admission is free. Radio Corporation 
of America, Radio City, N. Y. 20. 
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ACETYLENE 

The January 1949 issue of 
Scientific American con- 
tained a very interesting 
article entitled ARRIVAL 
OF ACETYLENE. To those 
of you who are interested 
in this subject may we sug- 
gest that you may also be 
interested in the transla- 
tions of captured German 
documents as completed 
by our company, especially 
the ones listed in our Ab- 
stract booklet as PC-3, PC- 
37. PC-69 and PC-S-I. 

★ ★ ★ ★ 

Our Abstract List booklet 
containing information, 
sources, abstracts and 
prices on these and many 
other Technical Oil Mission 
(T.O.M.), Offices of Tech- 
nical Services (O.T.S.) and 
Publication Board (PB) Re- 
port Translations may be 
obtained by dropping us a i 
line requesting same. This 
booklet will be sent to you 
at no cost or obligation 
whatsoever. 

★ ★ ★ ★ 

We also specialize in trans- 
lations of any individual 
documents, technical or 
otherwise, from or into any 
language — write us for our 
information letter. 

, ★ ★ ★ ★ 
CHARLES. HETIER & CO, INC. 

25 YoHderbitf Avenue 
, New York lY. lIrvYi 
, Te^^f^h6m ^Uf gay HU! 4~06S4 



Sirs: 

The public opinion polling business is 
a brickbat and bouquet affair. Tins hap- 
pens to be brickbat time. In 13 years 
polling methods have improved consid- 
erably and no poll director in his right 
mind would assume that they can't be 
improved further. We are always open 
to suggestions and criticism. 

But it seems to me that the article on 
‘Tublic Opinion Polls” in your Decem- 
ber issue seriously misled your readers 
by conveying the idea that certain sam- 
pling procedures, if adopted by the polls, 
would be a cure-all for the errors made 
in election predictions. The pioceduies 
referred to in that aiticle failed to stand 
up any better than othei methods under 
the test of the Truman-Dewey election. 

The author of your December article 
says without qualification that area, or 
“probability,” sampling is more accurate 
than quota sampling. I am not attacking 
or defending eithei method here. My 
concern is that your readeis were not 
told the whole story. On the basis of all 
the facts it would seem to me unscientif- 
ic to conclude that the polls m 1948 


Library bintlers to preserve jsbues of tlic new 
Scientific AMhiacAN may he obtained hy writing 
SuEWTil'ic Amertcan, 21' West <10lh Stiect, New 
York 18, N Y. Each hinder, covered with dark 
green Fabrikoid, will hold 12 js-.iws of the 
ScitNTtFn 'VMEnttAN. Triee ,'V2 50. 
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would have come out all right if they had 
only followed the piocedures which your 
authoi champions so briskly. 

It happens that area sampling was 
used in the 1948 election (though one 
would never guess it from the article) . 
Competent research men used it in two 
areas— the city of Elmiia, N. Y., and the 
state of Washington. The results hardly 
substantiate any conclusion that this pro- 
cedure is better for election forecasting 
than any other. 

In the Elmira poll the error in the 
Dewey fi^gure was 6 percentage points, 
and in Washington the Dewey vote was 
ovei predicted by 3 percentage points. 
Taken together, the error on Dewey was 
approximately the same, m terms of per- 
centage-point deviation from the elec- 
tion result, as in the case of quota sam- 
ples. Il IS unfoitunate that your Decem- 
lier article neglected to report this evi- 
dence which was known to all public 
opinion researchers. 

Again, the author cites evidence from 
vaiious of his own surveys to prove that 
aiea sampling produces figures that 
squaie almost exaedy with census data. 
But I looked in vain for any mention of 
a famous study m which both area and 
cpiola sampling mediods were used and 
in which the area sampling methods em- 
ployed by this same author produced a 
sample containing 18.2 per cent of per- 
sons with college training. The U. S. 
Census estimate, as of April, 1947, for 
this same group was about 12 per cent. 

Let me lepeat that I am not defend- 
ing one method against the other. In 
terms ol die 1948 election the most that 
can be said, it seems to me, is that one 
nietliod was no worse than the other. It 
may be that area sampling— with certain 
impiovements which our organization is 
now evolving— will prove in the future to 
be the best way of forecasting elections. 
The only scientific way is to keep testing 
all methods that look promising. I would 
want to see this one tested some more 
before jumping to conclusions. 

From a research point of view, one of 
the gi’eatest hazards m election forecast- 
ing is the problem of identifying those 
persons who will take the trouble to vote 
and those who will stay at home on elec- 
tion day. Your author calls this a “knot- 
ty” problem and then goes on to say that 
“pollsters have made few attempts to 
develop questions to measure the inten- 
sity of the determination to vote.” As a 
matter of fact, no other department of 
polling has been the subject of such in- 
tensive research. 

Literally hundreds of experiments 
have been tried. One reason why diis 
research has not been more productive 
p that votii^g is not merely a matter of 



have little interest in an election actually 
cast votes simply because party workeis 
make it then* business to get many of 
these persons to the polls! And not until 
someone discovers a way of measurmg 
party- worker efficiency is there much 
hope of overcoming this problem. 

The article also goes into die question 
of polls on issues of die day. The author 
quite rightly stresses the importance of 
die meaning that words used in poll 
questions convey to the people inter- 
viewed. This has been one field in which 
we of the American Institute of Public 
Opinion feel that we have made some 
very basic contributions. Many years 
ago we developed die '‘spht ballot” tech- 
nique to provide a means of testing the 
wording of questions. By conducting 
simultaneous polls on questions worded 
in two different ways, we have been able 
to test the effect of semantics in public 
opinion polling. Of all this experimenting 
the article takes no notice. 

It also fails to repoit the woik done 
by our oiganization m developing its 
“Qimitaniensional Plan of Question De- 
sign.” This approach to complex issues 
of an economic, social and political 
chaiacter assm'cs the polling organiza- 
tion of being certain the peison inter- 
viewed knows somediing about the 
issue, it can ascertain the level of his 
information and coiTelate the degree of 
knowledge with opinion. 

Finally, the aiticle expresses concern 
over the fact that the results of two 
questions reported at approximately the 
same time by two different polling or- 
ganizations showed a difference of some 
14 percentage points. I believe a httle 
thought will show that these two par- 
ticular questions were not at all the same 
in meaning. Anyone in the polling field 
would be greatly disturbed if the public 
didn't react differently to different ideas. 

During the next few months there will 
be many city and state elections in 
which research men can seize the op- 
portunity to demonstrate how better 
forecasts can be made. This will give 
tliem the chance to try out their own 
ideas publicly— with, of course, the at- 
tendant risk. 

When better polling techniques are 
developed, you can be sure that we and 
tlie other polling organizations will 
adopt tlrem in a hurry. Why shouldn’t 
we? The prestige of pollsters and in fact 
the very existence of polls are depend- 
ent on accuracy. 


GEORGE GALLUP 


Director 

American Institute of Public Opinion 
New York, N. Y. 


Sirs: 

Rensis Likert’s ai*ticle on the election 
polls in your December issue repeats the 
criticisms which have been most com- 


monly made by other psychologists and 
pollmg students. These criticisms are: 
first, the inadequacy of the sampling, 
and second, the inadequacy of the 
mediods used. May I call attention to a 
very obvious oversight in such criti- 
cisms^ 

The last Gallup Poll was made from 
ten days to two weeks before election 
day, and the last Crossley Poll from two 
to three weeks before the election. The 
last Fortune Poll was made by Elmo 
Roper three months before the election. 
In other words, these polls were not 
made during what is now conceded to 
have been the most critical days of the 
election campaign, when the shght trend 
tou^ard Tiuman already shown by the 
polls may have been turning into some- 
thing of a landslide 

In any case, no analysis of the sample 
or of the method can now possibly prove 
that the Gallup Poll was wrong as of the 
time the poll was taken; or that the 
Crossley Poll was wrong as of the time 
it was taken; or even that Roper’s Poll 
was wong as of the tune it was taken. 
This IS a very simple and definite prob- 
lem in validation, the actual election 
results being the criterion. Naturally, 
smce the election did not take place at 
the time the other polls were made, the 
only tlimg that analysis of die polls can 
show now is that theii prediction, oi the 
pi ejection of theii* results to a period two 
weeks or more latei, was wrong. 

Looking at this in another way, let us 
assume that the polls made by Gallup 
and Crossley had used the most perfect 
possible samples and tlie most perfect 
possible methods. If, in the two or three 
weeks preceding the election, while no 
polls were being made, a sharp swing 
toward Truman was taking place, then 
these ideally perfect polls would also 
have been m*ong. 

It seems to me that a great danger in 
respect to the election polls and othei 
surveys is the tendency to submerge the 
obvious in a mass of technicalities. Tech- 
niques are, of com*se, important and 
should be continuously improved, but 
more elaborate and more adequate tech- 
niques are no substitute for logical analy- 
sis and judgment. 

It is as simple as this: Not even the 
most perfect sampling methods can 
measiue a trend if the poll using the sam- 
ple is not being made. The most obvious 
failure of the recent election polls is that 
they were not made during a time when 
they should have been made. This error 
grew out of an unwarranted assumption 
Qiat voters are not hkely to change their 
minds during an election campaign, es- 
pecially in the last week or two before 
the election. 


HENRY C. LINK 


Vice President 

The Psychological Corporation 
NewYork, N. Y. 



9 REFRACTORS. Light, portable . . . the 
finest lenses make these instruments ideal 
for the amateur astronomer. 

Price: Only $199 for 3" model, $310 for 4". 

• REFLECTORS. For precision and econ- 
omy Saturn Newtonian and Cassegrainian 
Equatorially Mounted Reflectors are un- 
surpassed. (Poitable units also available. I 

FREE LITERATURE 

Send for literature giv- 
ing? details of the Time 
rajTiient Plan and full 
information on Saturn 
Telescopes 

TIHSLEY LABORATORIES 2528 Grave St, Berkeley, Cakf. 






PRECISION 

NX 


instruments for 

PRECISION TESTING 




DYNAMOMETERS 

Measure traction, tension, weight. 
In field or laboratory — quickly, 
precisely. Only 040'^ movement 
for full reading. Individually cali- 
brated. Nine interchangeable ca- 
pacities, 0-500 lbs to 0-20,000 lbs. 

PRESSURE GAUGE 

For tight spots. Small, fits in palm 
of your hand Jeweled dial indi- 
cator on "U" pressure bar gives 
Instant readings up to 5,000 lbs. 
Versatile— rugged— lightweight. 

THERMOMETER 

Stainless steel Instant, accurate 
readings. M oisture — overheat 
proof, Fahrenheit and Centigrade, 
Variable stem lengths, 4" to 42**. 
Dials from I" to S'*. Pressure 
proof excess 3478 psi. 

UNIVERSAL TESTER 

MODEL L; Specimen testing -f 
(bs to 180,000 psi in seven ranges, 
puick, easy, interchangeable. 
Tests rounds, flats, spe* ial shapes, 
any mat erf a f. 

MODEL M; for low range critical 
lasting Ounces — tenths — kilos. 
Calibrated pendulum accuracy to 
'/2 of f%. 


^ WRITE TODAY FOR ILLUS- 
TRATEDBULLET1MS,FREETEMSILESTRENGTHC0MPUTER, 
TELLS IN SECONDS BREAKING POINT GF MATERIALS. 

W. C DILLON & CO., INC. 

541 0-Y W. Harrison St„ Chicago 44, Illinois 








F ebruary 1899. “Divers statisti- 
cians are telling us tliat the woild’s 
population is growing so fast that in 
a few centuries theie will not be food 
enough to support it. A Belgian statisti- 
cian, Gen. Brialmont, thinks this time 
will come in less than four hundred 
years. In Cosmos, Di. Albert Battandier 
reviews the Belgian general's arguments 
and concludes that theie is not so much 
to fear, aftei all, hut it cannot be said 
that he is very reassuring, foi he merely 
puts off tlie evil day and then tells us to 
tiust in Providence.’' 
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machine aie contrivances which, to a 
ceitam extent, supplement each other 
Both methods of flying are still in a stale 
of development, but the time has passed 
when all attempts at flying are sneered 
at and deiided. In the last few decades 
the art of flying has developed so prodi- 
giously and has made such astonishing 
progress, that at no distant day the 
practical solution of the problem may 
be expected. The German government 
has taken such interest in the mattei of 
aeiial navigation that it has appropriated 
$200,000 for expel iments with the diri- 
gible air-ships of Count von Zeppelin.” 


“The year 1898 was an important pc- 
iiod 111 the histoiy of space-telegiaphy, 
it was the period in whicli the possibility 
of being able to signal across wide 
stretches of open sea with certainty m all 
weathers and at high speeds, became 
first generally recognized and practica- 
ble. It is very generally admitted that 
space- telegraphy will replace metallic 
circuit systems only under conditions 
where metallic ciicuits are impractica- 
ble. Space-telegiaphy is at present lim- 
ited to comparatively short distances and 
its usefulness is confined to spanning 
estuaries^ skirting seaboards, and such 
purposes.” 

“One year ago a company put thirteen 
horseless electric cabs for hire on the 
streets of New York. To-day the same 
company operates one hundred cabs and 
diey are so popular that they have to be 
taken from the public cab stands and 
kept in the cab house to fill telephone 
and messenger orders of regular cus- 
tomers. Three hundred cabs are needed 
to fill the demand, and it is doubtful if 
the demand would be supplied. In addi- 
tion to the cabs there are at least thirty 
delivery wagons, pleasure vehicles, etc., 
in Manhattan proper.” 

“M. Lockroy, the French Minister of 
the Marine, has communicated to the 
press the fact that the new submarine 
torpedo boat "Gustav Zede' succeeded in 
torpedoing with a dummy torpedo the 
French battleship "Magenta.' ” 

“In spite of all failures, in spite of 
numerous mishaps, many minds are still 
endeavoring, theoretically or practically, 
tso the problem of artificial flight, 
dirigible baHopn and the flying- 


EBRUARY 1849 “There aic vari- 
ous theories regarding the precise 
character of light. By some it is 
desciibed "as very minute particles 
thrown off m all directions with im- 
mense velocity fiom luminous bodies.’ 
Others consider it as the effect of an un- 
dulation produced by luminous bodies 
in the elastic medium of the atmosphere, 
and producing an effect upon our organs 
of sight like sound on the air by vibra- 
tions of the atmosphere. Our opinion is 
in favor of the two theories combined, 
namely, that light is thrown off luminous 
bodies in all directions with great veloc- 
ity and by a vibration.” 

“The present age is Augustan in re- 
spect to mighty achievements in science 
and ait. Not only are works projected 
now that are more grand and imposing 
than the greatest woiks of Egypt, Greece 
or Rome, but we seem to constiaict woiks 
m a day, that would have required a 
century of ancient labor. Let them boast 
of ancient art who may—of ancient ar- 
chitecture, sculptiue and painting— these 
are the signs of luxury and refinement 
and aie not concomitants nor the signs 
of any nation’s happiness or prosperity. 
A spinning jenny does more good to a 
country than a palace, and a steam en- 
gine confers more benefit than a tem- 
ple.” 

“A memorial was presented to the 
Senate on Monday the 27th ult., asking 
for an appropriation for the construction 
of a telegraph from Nova Scotia to the 
coast of Ireland on the submerged table 
land which was stated to have been dis- 
covered to exist between the two con- 
tinents. The memorialists propose to 
; eaa 9 iose the telegraph wires m cork tubes 
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and anchor them at ten miles apai t This 
pioposition IS as feasible as going to 
Cahioinia m a bag of hydrogen gas.” 

“It is calculated that a railroad from 
the Junction of the Nebraska and Mis- 
souri livers to San Francisco would be no 
moie than 1600 miles long and that it 
might be constructed for the sum ol 
$ 20 , 000 , 000 .” 

“Since our government took posses- 
sion of California the necessity ol open- 
ing up a channel of easy communication 
between it and the old States has become 
obvious to all. The Isthmus of Tehuante- 
pec belongs to Mexico, but we believe 
that government is willing to grant the 
right of way to the United Statc.s. By 
having a Railioad through Telmanlcpcc 
to the Pacific, we may expect that with- 
out any more war, a State would be 
formed in the heart of Mexico that would 
m twenty years petition to be admitted 
into the Union.” 

“According to the St. Louis Union, the 
total number of steamboats which have 
met with disaster on the Western Rivers 
during the past year is 109. Of this num- 
ber 59 were totally lost. By the various 
accidents 205 lives were lost. No esti- 
mate IS attempted of the loss of property . 
On 14 of the boats $118,800 were in- 
suied.” 

""The following "Act to Protect Ap- 
pientices and Operatives in Manufacto- 
ries,’ is now befoie our Legislatuie. No 
child shall be employed in any manu- 
factory or workshop within this State 
[New Yoik] who shall not have attained 
the full age of ten yeais, and be able to 
lead and write. No child shall under any 
circumstances labor more than ten hours 
111 any one day.” 

""Towns and villages spring up m the 
western wilds ‘as suddenly as the floweis 
of the tropics.’ It is but recently that we 
recorded a cession of a tract of land in 
Wisconsin to om: government by the 
Menominee Indians, and yet, since the 
conclusion of that treaty, the country be- 
tween the Fox and Wisconsin rivers, 
which forms a portion of the territory, 
has been settled with emigrants, and 
Yankee log cabins dot the fair expanse 
of that dehghtful region where before 
there was nothing but the wigwam of 
the red man.” 
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BELl lElEPHONE UBORATORIES ^ 

EXPLORING AND INVENTING. DEVISING AND PERFECTING, FOR CON- 
TINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE. 




when you talk hy telephone, far or near, the actual 
sound travels much less than when you talk across 
the room! 

That’s because the telephone system carries not sound 
itself but an electrical facsimile of sound. When yon 
speak into a telephone transmitter your voice is con- 
verted into electrical \dbrations which are not changed 
back into sound until they reach the receiver 
diaphragm. 

Conversion of sound into its electrical equivalent, 
through the invention of the telephone, opened the 
way to the measurement of sound by accurate elec- 
trical methods. In developing means to make the 
telephone talk farther and sound clearer, the scien- 
tists of Bell Telephone Laboratories had to develop 
the tools for sound-wave analysis and measurement. 

The condenser microphone, the wave filter, the ampli- 
fier “ each the product of telephone research — have 
helped to reveal the structure of sound as never before. 
Each has helped to build the world’s finest telephone 
system. 




AMERICAN HEART ASSOCIATION, 1775 BROADWAY, NEW YORK 19, N.Y. 


RHEUMATIC HEART DISEASE 

childhood’s greatest enemy 

Heart disease, America's leading cause of death, is no respecter of age. 
Support the 1949 program to control this menace to our nation's health 
through research, education and community service... open your heart! 



THE COVER 

Tile painting on tlie cover shows an 
imagmai-y scene m Yellowstone Na- 
tional Park, where life can be studied 
in exheme environments of both heat 
and cold {see page 46) . The collect- 
ing bottle, watch glass and thermom- 
eter are pait of the equipment used in 
such investigations. The mountains in 
the background are the home of or- 
ganisms equipped to survive exti*eme 
cold. The hot pools in the foreground 
contain many forms of life, including 
tlie two insects shown in the painting. 
In the bottle is a watei beetle, Tropis- 
ternus calif oi nicus, which is found in 
pools from 90 to 100 degrees F. On 
the tip of the thermometer is a horse- 
fly named Tahanus pimctifer which 
can live in water at some 90 degrees. 
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Sunglasses plated with stainless steel— a 
recent comnietcml application of high vac-’ 
uum. U^ed by Bausch & Lonih Optical Co, 
for RAT-BAX Gradient Density sunglasses, 
itwoyhs wonders in killing glare, relieving eye 
strain and fatigue, and improving vision. 







• During the war, planes jockeyed 
to attack out of the sun — battleships 
maneuvered to get the sun at their 
backs. The sun glare impairing vision, 
and accuracy of optical instruments 
made them a poor target for the enemy. 

Counter strategy developed tele- 
scopic sights, range finders, and aerial 
cameras whose lenses were coated un- 
der high vacuum with transparent fluo- 
ride salts. Thus treated lens surfaces 
were less reflective, more 
light was admitted, instru- 
ments could work better 
against the sun. 

Improving aviators’ sun- 
glasses presented a differ- 
ent problem. Here the same 
high-vacuum process was 
; usjed, but the cbating must 

/ J,;/; ^ 


serve to cut down passage of light 
through the lens. Experiments disclosed 
stainless steel as the ideal material. 

The process has been adopted for 
commercial use. At Bausch & Lomb, m 
the chamber of a DPI high-vacuum 
coater, metallic vapor of stainless steel 
IS deposited in a scientifically controlled 
“gradient” pattern of density and area. 
These stainless steel coated sunglasses 
are now available at optometrists. 


This is but one of many applications 
of high vacuum in science and indus- 
try to make improved products at 
lower cost. 

Do you know what high-vacuum 
distillation, dehydration or fusion may 
do to improve your products— to de- 
crease processing costs, or to salvage 
waste materials into valuable commodi- 
ties? DPI research men and engineers 
may be able to tell you. Write 


Distillation Products, Inc. 

Ta 1 RIDGE ROAD WEST, ROCHESTER 13, N. Y. 

MaauiacttiTBiv o£ MoIecijJax Skills and, Bigh-Vacttum Equipment; Disiillers 
OBSoJizhJe Vitamins and Othex ConQenfxat^a tor Science and Industry 
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FEAR 

Odu^ieUM. 


Thousiinds of women die every year because 
they are afraid to fhid out if they have cancer. 

That fear is fatal . . . because cancer can he 
cnied if tieated eaily* 

That’s why it’^s so desperately important 
for you to train y out self to watch for 
symptoms, and to act immediately. 

Pain is seldom an early symptom, but here 
are danger signals you should look for: 

1 . Any sore that doesn’t heal. 

2 . Any lump or thickening in the 
breast or elsewhere. 

3 . Any change in a wart or mole. 

4 . Persistent hoarseness or cough. 

5 . Persistent indigestion or 
difficulty in swallowing, 

6. Unusual bleeding or discharge. 

7 . Any change in bowel habits. 

Don’t let fear ... or carelessness . . . 
rob you of your chances of cure. 

Go to your doctor if any of these symptoms 
is present, or to your nearest Cancer 
Detection Center. You can find out 
wOiere it is from the American Cancer 
Society, 47 Beaver St., New York, N. Y, 

American Cancer Society, Inc. 






S6S¥ 


ftliisiill 

' : ,... ' „>r.. 


SCIENTIFIC 

AMERICAN 


FEBRUARY 1949 


It has pioneered so fruitfully in the support 
of basic science that it stands as a model for 
the planned National Science Foundation 

by John E. Pfeiiffer 


tones and six branch offices, ONR is 
sponsoring a huge univeisity program. 
Its 1,131 projects with workers at more 
than 200 institutions account for nearly 
40 per cent of tlie nation s total expen- 
diture in pure science. These contiacts 
aggregate $43 million— more than the 
entire national expendituie on basic re- 
search before the war. Of these funds, 
$20 milhon comes from ONR itself, $9 


B uilding T-S, a gray unit in Navy 
Row on Constitution Avenue in 
Washington, is one of those “tem- 
porary"’ wartime structures that will 
probably be in use for another genera- 
tion or so. It houses a young project that 
will last a good deal longer. T-3 is the 
headquarters of the Office of Naval Re- 
search, which is primarily military but 
also repiesents tlie fiist peacetime ven- 


gram of research. At the head of table is the Office’s 
Deputy and Assistant Chief, Captain Calvin M, Bolster. 


ONR’S DIRECTORS meet in weekly Tuesday morning 
session to consider strategy and projects in its huge pro- 


million IS distiibuted by ONR for other 
Federal agencies (principally the Atomic 
Energy Commission, with which it has 
a cooperative program), and appioxi- 
mately $14 million is conti'ibuted by 
universities. All of this money is spent 
in projects chosen and supervised by 
ONR* Thus a very substantial piopor- 
tion of U. S. scientists m a wide variety 
of fields, from astionomy to genetics, are 
working for the Navy. 

The Navy has managed to keep them 
surprisingly well contented. When ONR 
started operations thiee years ago, sci- 
entists viewed the tempting contracts it 
proffered with deep suspicion. They ex- 
pected that accepting the Navy’s money 
would involve them in stifling red tape, 
endless discussions with oflSceis lacking 
in undei standing of science, and endless 
military demands. It turned out other- 
wise. Many a scientist who vowed at the 
end of the war that he would never again 
work foi the Goveinment is now working 
happily for ONR. The Office is so well 
regarded by the scientific community 
that it receives four times as many ap- 
plications for projects as it can finance. 

The ONR set-up is far from Utopian, 
but those who are conceiiied with or- 
ganizing ilie proposed National Science 
Foundation are examining its methods of 
operation as an object lesson m Govern- 
ment suppoit of science with a minimum 
of bureaucracy. The Foundation prob- 
ably will be considerably closer in opera- 
tion to ONR than to the wartime Office 
of Scientific Research and Development, 
which, though a civilian agency, was 
concerned only with applied and mili- 
taiy research. 


mgs (although ONR officers have ob- 
seivecl that he is as gratified as anyone 
else when others put Ins work to use). 

When a scientist submits a project for 
ONR support, he is given no blanks to 
fill out but IS asked only to desciibe his 
project clearly, list the expenses and 
needed equipment, and supply other 
necessary details. After the contract is 
signed, he is spared any fiscal paper 
woik. The contract is made with his uni- 
versity, and the university administra- 
tive office handles the bookkeeping. The 
scientist is expected to make a pi ogress 
report every thiee months, and a final 
repoit on completion of his woik. Al- 
though he IS encouraged to publish Ins 
work in scientific journals, he is not 
pressed to bieak into print at periodic 
intervals— a convention which has been 
a long-standing grievance of scientists 


woikmg undei grants horn piivate loun- 
dations. 

Like any agency spending the taxpay- 
ers’ money, ONR has not lound it easy 
to get over the habit of demanding an 
accounting for eveiy penny and every 
niinute. The aimed foices, accustomed 
to buying chiefly '‘hardware” to lie de- 
hveied in definite quantities at definite 
limes and places, at first had a tendency 
to legaid the findings and ideas of le- 
seaich in the same way. They sometimes 
went to the extreme of insisting on tech- 
nical reports ol a predetci mined numbei 
of double-spaced, typewritten pages. 
While ONR has never reepnred its scien- 
tist-contractors to punch lime clocks (as 
some laboratories did dm mg the war), 
it made some attempts to olitain weekly 
reports of time worked. It was cured ol 
this fault eaily, notably by a Northwest- 
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M uch of ONR’s success IS attributed 
to its sound basic organization. The 
Office is run by two naval oflficers: Rear 
Admiral Thorvald A. Solberg, Chief of 
Naval Research, and Captain Calvin M. 
Bolster, Assistant Chief. But they share 
control and policy-making with a civil- 
ian, Alan T. Waterman, a former Yale 
University physicist who was a leading 
official in OSRD dming the war and is 
now chief scientist of ONR. In the se- 
lection of um versify projects to be sup- 
ported, this triumvirate is assisted by an 
over-all naval research advisory commit- 
tee and by 12 advisory panels of scien- 
tists, consisting of about 125 leaders in 
U. S. science. ONR itself has a head- 
quarters staff of scientists who keep in 
close and sympathetic touch with the 
university projects. 

A second reason for the program’s suc- 
cess is that ONR has made good its 
promise to grant the contracting scien- 
tists a maximum of freedom. The Office 
has operated on the sound assumption 
that the laboratory worker in basic sci- 
ence hates administrative detail, wants 
complete freedom of action and publi- 
cation, and generally is utterly uncoh- 
ceroed ^bout the application of his find- 
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TABLE OF OIIGANIZATIOIV shows the scope of ONR’s operations. Much 
scientific Work is carried on by men who are employed full-time by ONR. 
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ein Umveisity psychologist who was 
conducting expeiiments m intelligence 
testing, and who in mid-contract was re- 
quested by a Na\^ repiesentative to 
keep ti'ack of the time spent on the 
pioject by the giaduate students helping 
him. The psychologist complied, and a 
few weeks later ciisply informed ONR 
headquarters that his assistants, now 
spending exactly the time tliey weie re- 
quired to, weie workmg 50 per cent less 
time than they had previously worked at 
the same pay. ONR now requnes only a 
montlily leport, filled out by an admmis- 
trati\'e clerk and signed by the project 
supei visor. 

M ost surprising of all has been 
ONR's ardent and unflagging fidel- 
ity to the pimciple of suppoiting re- 
search of the most fundamental natme— 


a pimciple which was laid down more 
than thiee years ago by \fice Admiral 
Haiold G. Bowen, who fatheied ONR 
and became its first chief. ONR is financ- 
ing at least half a dozen studies in low- 
tempeiature physics, an mquuv which 
befoie the war was a monopoly of Eu- 
lopean scientists It is supporting a 
Princeton Univeisity study of “The 
Mathematical Stimcture of American- 
Type Economics ” Its projects include 
investigations -of cosmic lays, meteors, 
white dwarf stars, \aruses, the st ucture 
of protein, the biochemistry of muscle 
and nerve. It is pai dally financing the 
consti-uction of 15 cyclotions, synchro- 
ti'ons and other accelerators. It has even 
disiegarded service rivakies and assisted 
entomologist Theodore Schneiria's intei- 
esting studies of the aimy ant. 

Many of its piojects, of coiuse, are 


likely to lead to moie immediate naval 
applications. One study ivith fascinat- 
ing possibilities is a psychological anal- 
ysis of 18 Na\y captains who distin- 
guished themselves in combat during the 
war, to the end of determining what 
qualities make an outstanding military 
leader. ONR is assisting in the consti'uc- 
tion of a high-speed electronic calculat- 
ing machine that is expected to multiply 
40,000 10-digit numbers per second. At 
Princeton it is supporting a study in 
statistics designed to yield methods for 
drawing conclusions from intensive ex- 
amination of very small samples, e g., as 
few as five or ten observations. A typical 
application of such a tecliiiique would 
be m the investigation of methods for 
diagnosing cancel, where the numbei of 
patients available for study of a particu- 
lar chemical clue may be verv small. 
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Of principal interest, however, is ONR’s policy of sup« 
port of basic research, which has done much to bridge 


the period between the war’s end and the antici- 
pated establishment of a National Science Foundation, 







Such work is under way at Memoiial 
Hospital ill New York City. In a similar 
project, at the University of Pennsylva- 
nia, the role of economic and occupation- 
al factors in the speed of the disease 
process in tubeiculosrs is being studied. 

What does the Navy hope to get out 
of all this? Admiral Solberg, ONR’s chief, 
insists that the advancement of naval 
warfare rests ultimately upon the find- 
ings of up to the minute basic research. 

A piactical man, Solberg was formeily 
head of the Naval Boiler Laboratory in 
Philadelphia and an engine-ioom officer 
at sea; he also had charge of the assess- 
ment of damage to the warships in the 
Bikini atomic bomb tests. The basic sci- 
ence projects suppoited by ONR, he ex- 
plains, all come under the head of what 
the Navy calls ''supporting” research, 
which means that they are chosen to fill 
needs for knowledge considered essen- 
tial to national security in general and 
to naval interests m particular. They are 
selected as far as possible on the basis 
of their bearing on problems of specific 
concern to the Gliief of Naval Operations 
and tire various bureaus of the Navy. 
When a report is rendeied to ONR on 
the results of a project, significant find- 
ings aie passed along to naval laboiato- 
rics and othei interested service agen- 
cies, where they may be put to use in 
practical design problems Findings in 
physical science are reported to naval 
engineers, biological data to naval physi- 
cians and suigeons The results of psy- 
chological and sociological studies are 
applied to problems of human engineer- 
ing, training, personnel selection and 
leadership. 

To achieve a more accurate selection 
of pertinent projects, ONR is now devel- 
oping a section devoted to “program re- 
search.” Tills section is analyzing Navy 
objectives with a view to uncovering 
gaps, weak spots or critical areas where 
research is needed. For example, naval 
tacticians may pose such a problem as 
this A large task force of many carriers 
and aircraft is attacking a small, weU- 
defencled military zone under conditions 
of zero-zero visibility. What new weap- 
ons and devices, and hence what basic 
research, would he needed to increase 
significantly the chances of desh'oymg 
the target? ONR has already draft- 
ed several research programs which 
are based on such practical problems as 
diese. 

For obvious reasons, ONR, while will- 
ing to disclose many of the individual 
projects for which it has contracted, will 
not permit publication of the entire pro- 
gram. 

S ftir as the. scientists lare eoneemed, j 
ONR^s syst^ impost^ no hamper** 
ing directives. The researdh program is 
“directed” only in the sense that 01® 
^ects projects which it considers tp be 
to its pwn plans. Foir the most 


pait the projects are pioposed by the 
scientists themselves. Their work follows 
the lines of thcii own interests and in- 
clinations; if then basic studies are 
deemed of value to the Navy they obtain 
suppoit which often would be unavail- 
able from any other source. Few of the 
scientists who work under ONR con- 
tiacts expiess any particular concern 
about the tact that then woik may ad- 
vance military technology. They con- 
sider that the source of funds is relatively 
incidental. They are doing exactly whal 
they want to do under conditions of 
complete scientific freedom, and the 
basic contributions they are making to 
scientific knowledge have their own 
value, not lestnctecl to possible uses by 
the Navy. 

Obviously the scope of ONR’s suppoit 
of fundamental woik depends on the 
breadth of its interpretation of what may 
be useful to the Navy. So far this mtci- 
pretation has been liberal, as is indicated 
by the sample projects alieady men- 
tioned. Yet theie are limitations— limita- 
tions that not only underline the need for 
the speedy establishment of a National 
Science Foundation but suggest some 
lessons that such an agency might be 
able to learn from ONR's pioneering 
experience. 

One lesson is that the achievement of 
a balanced program of research cannot 
safely he left to the imiegulated proc- 
esses of supply and demand. Of ONR's 
basic-science budget, more than 75 per 
cent has been spent in the physical sci- 
ences and only 15 per cent in the biologi- 
cal and medical sciences. (The remain- 
ing 10 per cent or so has been allotted 
to naval sciences.) The value of research 
in nuclear physics is more obvious to the 
Navy (and to civilian agencies, one may 
note) than is the value of research in the 
life sciences. The Navy also argues that 
medical lesearch is being supported by 
many other agencies. In any case the 
one to five ratio of biological to physical 
science that has developed m the ONR 
piogram is far below the one to two ra- 
tio suggested by Vannevar Bush of 
OSRD in his proposal for a science 
foundation to President Truman. Biolo- 
gists also point out that the U.S.S.R., 
which cannot be accused of diveitmg 
funds to impractical reseaich, has un- 
dei taken to expand its biological le- 
search program rapidly since the end of 
the war. 

Another reason for ONR's relatively 
small support of biology may be the fail- 
ure of the biologists to press their case in 
an organized way. Engineers, chemists 
and physicists have promoted then pro- 
fessional mterests through active, long- 
estabhshed national organizations. The 
biologists, realizing , theii; handicap, a 
, year ago formed the American Institute 
of Biological Sciences, but the organiza- 
^ fidn has shown , little sign of l3e. Its 
ae<?ounifor,,the fact th^t 






ONR's 13-inan advisoiy committee has 
only two biologists. 

Perliaps the most serious weakness in 
the ONR system of suppoit has been llie 
short duiation of its conliacts. Hiey 
avciage just under a year and a hall— far 
too short a peiiod to give scientists the 
degree of security they need in basic i c- 
seaich, wheie lesults do not come ovei- 
night. Moieovei, under the ONR plan a 
scientist mav lun out of funds just when 
the work is lieconiing most interesting to 
him. liis mission loi the Navy presuma- 
bly is accomplished when he has dcliv- 
eied certain desiicd inlormation. But the 
research may have opened an unex- 
pected new line of inc[iiiry which in- 
trigues him even more llian the original 
pi eject Because the Navy cannot be ex- 
pected to continue to support the pui suit 
oi pme knowledge beyond its own lim- 
ited aims, the scientist must cither give 
up the inquiiy or start a new hunt foi 
funds from another source. 

All of these problems are now being 
intensified by a shrinkage in ONR funds. 
Its allowance depends not only on the 
size ol the nation’s military budget but 
also on die compeliiive demands ol other 
military agencies upon that budget 
President Truman’s budget for the com- 
ing year allows $530 million for military 
leseaich and devclojimcnl. This is di- 
vided up among die Army, Navy and 
Ail Force; and of the Navy’s alloimeiit, 
the lion’s share then goes for ''develop- 
ment,” meaning engineeiing and lest 
pioduction of devices. What is left goes 
into basic research. Because of other de- 
mands on ONR, some of next year’s coii- 
tiacts may be cut by 15 to 20 per cent 
Most of the current contracts range from 
$12,000 to $40,000. In an aveiage con- 
tract of $25,000, some $14,300 goes loi 
the salaries of research workeis, $5,000 
for equipment, travel, and so on, and 
the remaining $5,700 to the university 
foi overhead expenses. 

Tlieie aic other indications that ONR 
is prepaiing to cut back the scope of its 
support of basic science It is planning 
to expand its naval sciences division, 
which finances studies connected with 
the development of rockets, jet propul- 
sion and other military pi ejects. Within 
two years this division will take a larger 
percentage of ONR’s budget, thereby le- 
duemg the share for basic reseaich. 

For these reasons among others, sci- 
entists arc now pressing conceitedly for 
immediate enactment of the National 
Science Foundation Bill ONR has tided 
them over what would otherwise have 
been a lean postwar period. Without an 
ONR, scientific work in the universities 
at this moment would be very seriously 
curtailed. 

Many scientists regret that the scien- 
tific community at the end of the war did 
not achieve the realism and purpose ex- 
hibited by die navd officers who founded 
ONR. The organizers of ONR under- 



stood political realities and got what 
they wanted While scientists debated 
whether the Government should support 
basic research, ONR’s founders, sensing 
that events had already settled that ques- 
tion, addressed themselves to the ques- 
tion of how. If scientists had adopted 
the same approach, the National Science 
Foundation might well be m existence. 
In any case, scientists are grateful to 
ONR foi demonstrating the ine vitabihty 
of such an organization. 

The National Science Foundation is 
now regarded as “imminent.” Its chances 
aie enhanced by the proposed establish- 
ment of a Cabinet post and executive 
depaitment for social welfare, under 
winch a science foundation would logi- 
cally find its place. Scientists who are in- 
terested in the foundation, considering 
the major issue settled, are already woi Ic- 
ing on the problem of getting an ade- 
quate appropriation. The President's 
budget proposes $15 million for the 
foundation's first year Many scientists 
have wTitten letters to the presidents of 
then univeisities urging an appeal to the 
President to raise the initial appropria- 
tion to $50 million as recommended in 
the famous Steelman Report. A memo- 
randum accompanying these letters 
points out that advisory panels of ONR 
have approved basic-research projects 
totaling some $25 million which can- 
not be undertaken because of lack of 
funds. 

M eanwhile onr, whether oi not 

a science foundation comes into 
being, has no intention of going out of 
business. Contraiy to the impiession of 
many scientists, it does not consider its 
suppoit of basic science a stopgap enter- 
prise. To be sine, die Navy officially sup- 
poits the pioposal for a science founda- 
tion, and it might perhaps willingly 
ti ansfer up to 25 per cent of its projects 
to such a foundation. But Admiral Sol- 
berg and others made it clear that, foun- 
dation or no foundation, ONR intends 
to continue to sign contracts with scien- 
tists for many fundamental studies— a 
policy which it considers absolutely es- 
sential to the continued technological 
improvement of the Fleet. 

ONR takes a justifiable pnde m its 
pioneering accomplishment. It likes to 
quote a remark made two years ago by 
Admiral Bowen, which contains more 
than a gram of ti’uth: “You could move 
the Office to another building, put a new 
sign over the door reading ‘National 
Science Foundation/ and you would 
have considerably more than the nucleus 
of such an agency.’' 


John E, Pfeiffer was the author of 
Enzymes, which appeared in the 
December issue of this magazine. 



REAR ADMIRAL THORVALD A. SOLBERG is the present Chief of Naval 
Research. He was head of the Naval Boiler Laboratory at Philadelphia. 



ALAN T. WATERMAN is Chief Scientist of the ONR. Formerly a Yale 
University physicist, he was an official in the OSRD during the war. 
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Trial By 


Newspaper 


Being an account of the ordeal of Edward U. Condon, 
or a case study of the press. The treatment of the 
affair in nine New York dailies is here dissected 


by Joseph T. Klapper and Charles Y. Clock 


O N March 2, 1948, a subcommittee 
o£ the House Committee on Un- 
American Activities denounced Ed- 
ward U. Condon, Dnector of the Nation- 
al Bureau of Standards, through the 
medium of the U. S. press. The sub- 
committee asserted that Di. Condon 
“appears’’ to be “one of the weakest 
links in oui atomic security.” Its report, 
quoted in part by various newspapers, 
presented 27 paragraphs of “informa- 
tion ... in substantiation of this state- 
ment.” Fait of this information consisted 
of excel pts fiom a letter written by FBI 
chief J. Edgar Hoover to Secretary of 
Commerce W. Averell Harninan. 

Simultaneously the Depaitment of 
Commerce, under which the Buieau of 
Standards operates, announced that Dr. 
Condon hacl been unanimously cleaied 
by tiie Department Loyalty Boaid five 
days previously. Dr. Condon himself 
at once denied the subcommittee’s alle- 
gations, asserted his loyalty and rehabil- 
ity, and shortly thereafter expressed his 
eagerness for a public hearing bv the 
Committee— an eagerness which he had 


expiessed several times previously in re- 
sponse to similai accusations made by its 
chairman, Representative J. Paincll 
Thomas, in magazine articles published 
a year before. 

Duiing the succeeding foiii and one- 
half months the “Condon case” became 
a cause ceJehre. At least thiee Congies- 
sional committees, the Federal Bureau 
of Investigation, the Atomic Energy 
Commission, two executive departments 
and President Truman himself played 
speaking roles in the drama. Numeious 
learned, scientific and juristic societies, 
as well as vaiious individuals, eminent 
and otherwise, issued statements. In the 
course of the controversy, the Adminis- 
tration’s refusal to sui render the FBI let- 
ter to Congiess led to extraoi dinary Con- 
giessional repercussions, including an 
attempt to write into law certain provi- 
sions regarding the retention and lelease 
of data to Congressional bodies. The 
Condon case itself for a time became 
only an incident in this argument. It was 
levived on various occasions, however, 
by additional attacks on Dr. Condon and 


l)y statements m his support. Fiom time 
to time the Committee promised to grant 
Di. Condon a public hearing, but the 
hearing nevei took place. The case con- 
tinued to be argued m the press, albeit 
less frequently, even alter the Atomic 
Energy Commission announced on July 
15 that “on the basis of the voluminous 
record before it, the membeis of the 
Commission” were fully satisfied as to 
“Dr. Condon’s loyalty to the United 
States” and considered his clearance lor 
access to restiicLcd data to be “in the best 
interests of the atomic energy progiam.” 

The Committee on Un-Ameiican Ac- 
tivities itself has made no formal detci- 
mination of its charges against Condon. 
The case has been conducted largely m 
the press. Many citizens have become 
concerned about the aflaii as a striking 
example of what has sometimes been 
called trial by newspaper. They believe 
that the Condon case poses the question 
of the responsibilities of modern organs 
of mass communication toward the liber- 
ties and reputations of individuals 

As a result of this inteiest, the Bureau 
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I Namms T)r. Edwai-d U. 

Condon, ili 

‘’one of the weakest links in our atomic security/ 
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Condon, director oi the National Bureau of Standards 

3 HouKa 
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Un-American Activities subcommittee today demanded 
the Admlmstiation explain why he ift retained 
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charged that Condon “knowingly or unknowingly” associated 
With alleged Soviet espionage agents. 






COP^ENT ANALYSIS in this case begins with identi- 
ficatiqii of statements, each of which expresses a single 
assertion. Here five statements’ in the' fi.rst paragraph 


of a news article in the Daily Neivs are isolated and 
hiarked and then listed in table at right. Each statement 
is now ready for objective classification and analysis. 



ol: Applied Social Research of Columbia 
Umveisity was asked by Scientific 
American and six eminent scientists to 
conduct a study of the pi ess treatment 
of the Condon case The scientists weie' 
Hainson Biown and Haiold C Uiey of 
the University of Chicago, Philip M 
Morse of the Massachusetts Institute of 
Technology, George B Pegram, Dean of 
the Columbia Univeisit\^ Graduate Fac- 
ulties; Charles Launtsen of the Califor- 
nia Institute of Technology, and John C 
Warner of the Carnegie Institute of 
Technolog)' 

The study that was undertaken is 
known in communications research as a 
“content analysis.” In general terms tins 
means a detailed examination of verbal 
or pictonal material for the purpose of 
providing an obiective description of 
the material For example, a literary 
critic who analyzes the novels of a given 
centuiy to deteiniine their political tenor 
is, in a sense, pei forming a content an- 
alysis. Students of mass communications, 
howevei, use the term in a narrower 
sense. They mean by it a study in which 
the material is classified according to ob- 
jective cnteiia and thus rendered sus- 
ceptible of statistical description. 

The term itself, and the conscious 
practice of this discipline, aie relatively 
new in social science, as is the whole 
field of commumcations reseai’ch It is 
only dm mg the last 30 years that such 
giants of communication as the modern 
press, the ladio and the screen have 
come to address and to influence whole 
populations at once. And it is only m the 
last decade or two that social psycholo- 
gists have taken systematic note of these 
foices of opinion. Content analysis is one 
of several techniques they have devel- 


oped for the obiective study of the media 
of communication. 

Content analysis has alieady been suc- 


EDITOR’S NOTE 

This study of the press tieatment 
of the Condon case was conducted 
by the staff of the Columbia Univer- 
sity Bureau of Applied Social Re- 
seaich, of which Robeit K. Merton 
IS acting director. It is one m a seiies 
of leseaiches by the Bureau on the 
role of mass media of communica- 
tion in U. S society 


cessfullv employed in a number of com- 
2 olex inquiries. The treatment of minority 
gioups 111 popular fiction, for example, 
has been examined through a content 
analysis of magazine stones Duimg tlie 
\\\ir content anah sis was used with some 
success by Government agencies to pie- 
dict enemy actions Certain characteris- 
tic modes of speech were obseived to 
have increased in frequency during ene- 
my piopaganda campaigns preceding 
surprise invasions. By observing the fre- 
quency of such modes of speech in cur- 
rent propaganda, U S analysts were 
able to note when a new invasion move 
appeared to be imminent 

The Method 

The Bureau of Applied Social Re- 
seaich and the sponsors of the analysis 
agreed at the outset that tlie study would 
be directed entirely to the press treat- 
ment of the Condon case, as distin- 
guished from the case itself. Neither the 
Bureau nor the sponsors considered 


themselves qualified to evaluate oi ana- 
lyze the activities and statements of the 
various agencies and individuals in- 
volved. No attempt has been made, for 
example, to assess the truth or falsity of 
the charges brought against Dr. Condon 
We ha\’e been content with noting in 
detail what charges against Dr Condon 
were repoited in the pi ess, what support 
for these charges was theie offered, and 
the hke. 

It was soon found that to anal)' 2 e the 
material on the Condon case in a lepie- 
sentative cross section of the whole U S. 
press would be a huge task; even to de- 
termine what papers would constitute 
such a cioss section would involve a le- 
search project of no mean dimensions. It 
was theiefoie decided to focus the study 
on the press of a single large city. Be- 
cause of the number and variet)' of its 
dailies, the New York Cit)' press was se- 
lected Material was diawn from all of 
the nine general daily papers of that city, 
VIZ , the TimeSy the Herald Tribune, the 
Daily Netcs, the Daily Mirroi, FM and 
its successor the Star, all morning papers; 
and the Sun, the World-Telegram, the 
Post Home Netvs and the ]ow nal-Amei i- 
can, all evening papers, some of them 
with week-end editions. The period stud- 
ied was from March 1, 1948, to October 
31, 1948, inclusive, i e., from the issu- 
ance of the subcommittee report to a 
date thiee and a half months after the 
Atomic Energ)' Commission had cleai'ed 
Dr. Condon. 

The Bureau set out to approximate as 
closely as possible a complete coverage 
of all news articles on the Condon case 
in all issues of the nine New York news- 
papers during the given period. This 
coverage was sought by two independent 
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STATEMENT is classified in descriptive '’dimensions.'" 
These include name of person or group to whom the 
statement refers ( the "referent'*) , its theme, source. 


date. etc. Punched holes in coded card give a complete 
description of the statement. A statistical analysis is 
then made by running all cards through sorting mad liue. 


17 




means. All the papers \vere asked loi a 
list ot the dates on which articles men- 
tioning Dr. Condon weie pulihshed (re- 
plies were leceived from eveiy paper 
except the Mirwi)- Libiary editions of 
all papers were then searched for the 
articles published on those dates In ad- 
dition, a pi ess clipping service was re- 
tained to make an independent search of 
all available editions of the nine papeis 
for the entile period covered Despite 
the piecautions taken, it is quite possible 
that some articles or references to the 
case may have been missed. Tbeie may 
be vaiiations in completeness of cover- 
age from paper to paper. Any misses 
that occurred may be consideied ran- 
dom, however; the missing mateiial, if 
any, would not significantly affect the 
findings, which are almost always stated 
in terms of ratios or peicentages. 

All the relevant material in each news 
article was divided into “statements,” 
each statement consisting of a single 
complete idea, e.g., “Dr. Condon was 
denounced by the Thomas Committee.” 

A statement might be a sentence or a 
single word; for example, “The mai- 
tyred Dr. Condon will be called to testi- 
fy” contains two statements; one that 
Dr. Condon will be caljed to testify, die 
other that he is martyred. The total num- 
ber of statements in the 306 news arti- 
cles examined was 4,589. Of these, 680 
neiiti'al statements of identification (c.g., 
“Dr. Condon is director of the National 
Bureau ol Standards”) were eliminated, 
since analy.sis of them seemed piiipose- 
less. This left 3,909 for analysis. 

The statements were then classified in 
various categoiies known as “dimen- 
sions,” such as the identity of the person 
or group to whom tlie statement referred 
(called the “referent dimension”), the 
paper in which it appeared, the theme 
of the statement, die person or group 
who made it, the basis offered for the 
statement, and so on. There were 23 
such dimensions. The crucial part of this 
process was the classification of the 
tlieme of the statement. To make this as 
objective as possible, the themes were 
subdivided at the outset into numerous 
specific categories, so that the classifiers 
01 coders were not asked to decide 
whether a given statement was “favor- 
able” or “mifavorable” to the referent 
{e g., Dr. Condon), but to describe it in 
terms of what it actually said. For exam- 
ple, a statement such as, “Dr. Condon is 
alleged to have associated with a Soviet 
spy” was classified under the theme: 
“Association with, person in Soviet or 
Soviet-satellite circles who is allegedly 
subversive or an espionage agent ” These 
various specific categories were later 
Rouped under more general dassifica- 
tions to furnish the basis for analysis. 
"Thus the statement quoted abaS?e be-: 
emme part of a group headed: “Associa- 
tion with allegedly questionable , 

^ v statem^ts in turn 

'' '’i ''bl'' ' ' ' , . ^ 


cvciituaJly wa.s placed in the geneial 
catcgoiy of slatcineuts unfavoiable to 
Dr Condon 

The statements were all coded on the 
basis of the original specific ciileria. As 
a check on objectivity, each statement 
was coded by at least two cliff eient indi- 
viduals, and discrepancies were submit- 
ted to several independent checks by su- 
peivisois. Thus every coded statement 
was the end pioduct of a process involv- 
ing the detailed breakdown of an article, 
the isolation of the statement, its classifi- 
cation by two different coders m 23 
dimensions, comparison of the two cod- 
ings, and final appioval lor the next 
opeiation 

After they were coded, the statements 
were recoided on International Business 
Machine (Hollerith) caids. It thus be- 
came possible to determine quickly, by 
means of IBM sorters, precisely what 
“dimension combinations” existed, and 
in what degree. It it seemed desirable to 
know, for example, how many times the 
Sun reported a demand upon President 
Truman for release of the FBI lettci, the 
machine was merely set to pick out the 
cards punched 1/8 (column 1— hole 8: 
Sun), 18/5 (referent: Truman), 33/7 
(demand for release of FBI letter) . The 
results of the various machine “runs,” 
taken individually or compai cd willi one 
another, compiise the findings. 

Despite the pains taken to ensure the 
highest possible degree of consistency, 
accuracy and objectivity, it must be re- 
membered that we aie here dealing not 
with the xelatively stable phenomena of 
the physics laboiatory but with the sub- 
jective phenomenon of language, which 
is as variable as human thought. Some 
degiee of flexibility and interpretive in- 
consistency is tlierel 01 e inevitable. While 
this mai-gin of error is believed by the 
Bureau to be at the very minimum con- 
sistent with the nature of the task, one 
must lean backward in the interpretation 
of the findings. A very small percentage 
difference in two contrasted types of 
press treatment may not be significant in 
some cases; a notable percentage differ- 
ence, however, can safely be legarded 
as significant. 

The problem of the present study was 
to deteimme the nature of the “trial by 
newspaper” that Dr. Condon had re- 
ceived in the New York press. This in- 
volved a statistical measurement of the 
extent to which the newspapers treated 
him favorably or unfavoiably. To that 
end the objective description of the press 
content on the case was analyzed as to 
the number of statements critical of Dr. 
Condon and those sympathetic to him; 
tlie number reporting demands for the 
FBI letter and those reporting refusals, 
and a miscellaneous category of state- 
ments that may be classified as neutral to 
Br. Condon. 

A statemebf w^s classed as imfavor- 
<:;abfe tp Djr, Pondon if it criticized him 






diiccLly Ol icllected on him mdiicclly by 
siippoiting the Uii- American Activities 
Committee’s ticalincnt of the ease. An 
example ol the fiist type ol statement is* 
“Dr, Edward U. Condon . . . accused by 
a Thomas subcommittee ... of associa- 
tions with Soviet spies.” An example ol 
the second type. “McDowell insisted 
that the Committee’s pievious labeling 
ol Condon stands as an ‘almost peilect 
description.’ ” Simikily, a statement was 
classed as lavoiablc to Dr. Condon il it 
siippoitcd him directly (eg, “Dr. Con- 
don . . . whose inleguly and patriotism 
have been fully recognized by his scien- 
tific peers”), or criticized the Committee 
(eg., “The . . . Committee’s attack on 
Di. Edwaid U. Condon was condemned 
today as ‘incspoiisible’ by 200 leading 
scientists”) . 

Thus the statements on each side 
could be broken down into two catego- 
ries: 1) anti-Condon and pro-Commil- 
tee, 2) pio-Condon and anti-Committee. 
As will be seen, such a breakdown pio- 
diiced some intcicsting findings. 

Analyses wcie made of the emphasis 
given to the respective statements and of 
the way in which they were piescnted. 
It must be kept in mind that ibis is not a 
study of the editoiial statements made 
by the papers tbcmsclvcs but ot tbeii 
news coverage ot (be story; that is, ot 
tlic statements made in the news col- 
umns by icpoiters and ihcir sources. Ob- 
viously what a newspaper reports about 
an event is shaped to a large extent by 
the event itsell. When a paper reported 
an event unfavorable to Dr. Condon it 
was under no obligation to create an 
event sympathetic to him to furnish a 
lialance. Thus the fact that a paper may 
have leported more unfavorable than 
favorable events is not in itself neces- 
sarily a sign of bias. Bias may be shown, 
however, in the manner m which a 
paper reports an event and in its selec- 
tion of which events to report and which 
to omit. An outside observer, lacking the 
newspapers’ access to the events on 
which they based then reporting, can 
only judge their treatment of the Con- 
don case by compaiing the way m which 
the various newspapers dealt with the 
same events. 

What Was Said 

The first general finding is that in the 
New York press taken as a whole there 
was a preponderance of statements fa- 
voi^able to Dr. Condon. Of the 3,909 
analyzed statements, 745 or 19 per cent 
were unsympathetic to Condon, and 971 
or 25 per cent were sympathetic. These 
proportions, applying as they do to the 
total coverage by the entire New York 
press, are not particularly meaningful: 
few persons would consistently have 
read all nine papers and been exposed 
to this comprehensive coverage. More 
significant are the differences among the 
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papeis. The lange of these cliff eiences is 
mclicatecl in the percentages of pio- 
Conclon and anti-Condon statements in 
the individual newspapeis. 


Times 

Pro 

65 

Con 

35 

Herald Tribune 

64 

36 

Star 

63 

37 

Post 

57 

43 

World-T elegr am 

50 

50 

News 

49 

51 

Mirroi 

47 

53 

Sun 

43 

57 

J ournal-Ainei ican 

18 

82 


(Because the Joinnal-Amctican pub- 
lished lelativelv httle on the Condon 
case, the findings for this ^^ajier may be 
less meaningful than for the others. ) 

Most of the pio-Condon statements 
were contributed by the fiist foui papers 
—Times, Tribune, Stai and Post— which 
accounted for nearly two thirds of the 
total New York coverage of the story in 
teims of number of statements. In the 
four papeis taken as a group, statements 
sympathetic to Dr Conclon outnum- 
bered unsympathetic ones in a latio of 
17 to 10. In the other five papeis, which 
have a much largei total cu dilation than 
the first group, statements unsympa- 
thetic to Di . Condon predominated in a 
ratio of 13 to 10 foi the group as a whole. 

Analysis of the two categories of state- 
ments on each side of the case— i c,, those 
relating directlv to Dr. Condon and 
those 1 elating to the Committee— re- 
vealed anothei interesting diflerence m 
the handling of the case by the two 
groups of papers. There were few state- 
ments in praise of the Committee's treat- 
ment of the case of the total of the 
anti-Condon statements in all the papers 
fewer than one in 13 supported the Com- 
mittee itself. When it came to the pro- 
Condon statements, however, there weie 
conti asting results in the amount of 
ciiticism of the Committee in the two 
newspaper gioups. In the Times, Trib- 
une, Star and Post, more than one third 
of the statements on Dr. Condon’s side 
consisted of criticisms of the Committee's 
piocedure. In the other five papers, this 
pioportion was nearer one fourth. In 
other words, the second group pubhshed 
a substantially smaller proportion of 
statements criticizing the Committee 
than did the first group. 

The statements favorable and unfa- 
vorable to Dr. Condon taken together 
accounted for 44 per cent of the 3,909 
on the case. Of the rest, a suiprisingly 
large group— some 15 per cent of all 
statements— concerned the struggle be- 
tween Republican Congressmen and the 
Administration over the release of the 
FBI letter The remaining 41 per cent 
of the statements in the case were classi- 
fied as descriptive background of a neu- 
tral character. 

A further breakdown showing how die 


MARCH 1 Condon called ''weakest link" by Un-American Activities 
Committee. 

Assistant Secretary of Commerce Foster announces Condon 
cleared by Commerce Department Loyalty Board. 

Condon issues statement. 


mo 


mm ton 


2 Congressman Thomas directs Committee counsel to issue 
subpoena for FBI material allegedly in possession of Secre- 
tary of Commerce Harriman. 

3 FBI files are subpoenaed 

4 Condon asks Senate-House Committee on Atomic Energy 
(Hickenlooper Committee) to investigate attacks on scien- 
tists m Government employ. 

Harriman refuses to honor subpoena 

Washington Post discloses Un-American Activities Com- 
mittee report omitted important paragraph of FB! letter 

6 Hickenlooper Committee considers conducting investigation 
suggested by Condon. 

7 Condon interviewed on radio. 

8 Hickenlooper Committee agrees to conduct investigation 
suggested by Condon. 

Commerce Department aides are subpoenaed for appear- 
ance before the Un-American Activities Committee. 
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10 Committee charges Commerce Department juggled dates 

of Condon clearance , , 

24 Committee announces public hearing for Condon will be ' J 

held April 21 ^ ‘ 


28 Plans for dinner in honor of Condon are announced by 
Einstein and Urey. 

29 Condon's counsel demands certain judicial rights in hearing 

APRIL 7 Committee approves a resolution by which the House is to 
demand FBI fife on Condon, 

12 Condon speaks at dinner In his honor, 

22 House passes resolution to demand FBI file 
24 Commerce Dept, formally declines to honor resolution. 
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MAY 1 Republican National Committee chairman Reece demands 
showdown regarding Administration retention of loyalty data. 

5 Commerce Department announces that material bearing 
on Condon is now in President's possession 



8 Commerce Department reveals Condon, in letter to Foster, 
agreed to public release of FBI data. 

Department of Commerce refuses to release data, 

9 President's "own" Loyalty Board announces that It will 
await final action by Committee before taking action. 





I 


10 Condon is revealed by Sawyer to have voluntarily curtailed 
his activities pending final clearance, 

13 Hoffman Bill, growing out of resolution of April 7, passes 
House 

Attorney General Clark accuses Committee of "stealing" 
Condon data. 

Committee replies to Clark charges. 


list ‘ ‘ ; 

' < ifj j \ V J ' J 


JUNE Activity slight. ^ 

JULY 15 Atomic Energy Commission announces that Condon has ^ 


been cleared. 

16 Committee attacks AEC clearance. 
AUGUST Activity slight. 

SEPTEMBER 17 Committee again denounces Condon. 




IS Civil Liberties Union urges Committee grant Condon public 
hearing. y ” 


m 


OCTOBER Activity slight. 


CALENDAR of developments in Condon case shows how events shaped 
coverage of the story by newspapers. Bars at right indicate month hy 
month percentages of statements favorable and unfavorable to Condon 
in two groups of papers. TTSP denotes Times^ Tribune^ Star and Post. 
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tieatment ot Di\ Condon fluctuated dur- 
ing the progress of the case also yields 
significant information. In April, when 
the battle over the FBI letter reached its 
peak, the reflections of this event were 
markedly diflerent m the two gioiips of 
newspapeis. The Times, Tribune, Star 
and Post continued to give greatei atten- 
tion to the Condon case itself and to 
publish more pro- Condon than anti- 
Condon statements, although the ratio 
for the group fell to 12 to 10. In the 
other five papers, however, statements 
about the letter actually outnumbered 
statements about the Condon case piop- 
er, and the latio of statements unsym- 
pathetic to Condon rose to 23 to 10. 
When the Atomic Energy Commission 
cleared him in July, the Times, Tribune, 
Star and Post piesented a 14-to-lO ratio 
of statements favorable to him, but the 
other five papers, in spite of his clear- 
ance, remained on the other side of the 
fence; in that month they printed an 
average of 11 anti-Condon statements 
for every 10 pro-Condon, Thereafter 
there was relatively little press activity 
on the Condon case, but in September, 
when the Un-American Activities Com- 
mittee piomised new “shocking revela- 
tions,” the statements published in the 
group of five papers were 26 to 10 anti- 
Condon. In other wouls, two months 
after his AEG exoneration, the five pa- 
pers were still presenting a predomi- 
nantly unsympathetic picture. 

These are simply objective data re- 
vealed by the analysis. Whether they 
show that the New York press was fair 
or unfair in its coverage of the case is a 
matter of interpietation, which is beyond 
the scope of this analysis. The interpreta- 
tion will depend on the standards ap- 
plied by the observer. Some may con- 
sider that justice would have been served 
by a perfect balance of pio- and anti- 
Condon statements in a paper's report- 
ing. On this point, however, the analysis 
developed certain other pertinent data. 

The data had to do with the sources, 
character and repetition of statements on 
the case. Because this analysis dealt with 
statements concermng Dr. Condon him- 
self, the findings from this point will in- 
clude only statements directly pro- and 
anti-Condon; i.e., they exclude the state- 
ments for and against the Committee. Of 
the statements against Dr. Condon, 88 
per cent were made by members of the 
Un-American Activities Committee di- 
rectly or in excerpts that they quoted 
from the FBI letter. The accusations 
against Dr. Condon were virtually a 
monopoly product of the Committee, for 
some of the remainiiig 12 per cent of 
anti-Condon statements were made by 
Dr. Condon himself or by his -defenders 
in reviewing what the Committee had 
said about him. 

On th^ other hand, the sources of the 
gro-Condon statements were legion. 
%ey induded two departments pf 


executive branch ol the government, the 
Commeice Depaitment Loyalty Board, 
the Atomic Energy Commission, entire 
depaitments ol leading iiniveisities, and 
dozens of scientists and scientific soci- 
eties Analysis of the weight given by the 
vaiious papeis to the sources of these 
statements yielded significant dift'ei- 
eaces. The Times, Tribune, Star and 
Post gave considerably more attention 
to the width of Dr. Condon's support 
than did the other papers; 21 per cent 
of their pro-Condon statements were at- 
tributed to scientists and scientific so- 
cieties, while m the other five papeis 
only 4 per cent of the statements favor- 
ing Condon came iiom these sources. In- 
deed, it appeals that those five dailies all 
but ignored the multitude of meetings, 
letters and statements m defense of Con- 
don by lepiilable scientists and institu- 
tions. As a lesult, 77 pei cent of the case 
for Dr. Condon as presented to the 
leaders of those papers came from Dr 
Condon himself, from representatives of 
the Administration, or from unnamed 
sources. 

A similar analysis was made of the 
bases ol the anti-Condon and pio-Con- 
don statements and the relative weight 
given to them. The case against Dr Con- 
don was made up almost entirely of 
thice charges: 1) that he associated with 
suspected persons, 2) that he was lax in 
regard to U. S, secuiity, 3) that he was 
unfit in some other unspecified way. 

Of the statements making the first 
charge, 89 per cent identified Dr. Con- 
don's associates only in vague terms or 
did not identify them at all. His asso- 
ciates were generally described as per- 
sons “allegecl” or “known” to be espio- 
nage agents, or as Soviet or Soviet-satel- 
lite diplomats, or as persons suspected of 
l^eing subversive, without any specifica- 
tion as to why they were under suspicion 
or any evidence that Condon knew that 
his associates were under this vague 
cloud. Only eight per cent of the state- 
ments regarding association acluallv 
named his associates, and in most of 
these cases the charges were equally 
vague. With regard to Dr. Condon's 
“laxity,” nearly all of the statements were 
simply assertions, most of them being 
repetitions of the phrase “the weakest 
link”; there was little or no specific indi- 
cation as to how he may actually have 
endangered national security. In the 
third category, the allegations were even 
more vague. Indeed, whatever impres- 
sion may have been produced on casual 
readers, the content analysis indicates 
that the case against Dr. Condon as 
presented in the newspapers may well 
have raised a question in careful readers' 
minds as whether there was any case 
at all. 

The case for Dr. Condon contains a 
substantial amount of specific material. 
About a quarter of the pro-Condon state- 
,, on th^ f^ct that he was cleared 


by oflicial investigations. Other lavoi- 
ahle statements are based on "two ex- 
haustive FBI investigations” and scvcial 
documents, still otheis on tcstiinomals 
to Dr. Condon’s loyalty and competence 
from a variety of sources. Yet in com- 
parison with the case against Condon 
these facts were lightly tieated by a ma- 
jority of the New Yoik papers, which 
throughout the case gave tar heavier 
emphasis to the allegations l)y the Un- 
Ameiican Activities Committee than to 
the support oi Dr. Condon fiom vauous 
sources. 

How It Was Said 

A desciiption ol what the pn’ss said 
and what it omitted can give only a 
1 datively superficial picture of its cov- 
erage. Equally important is tlic nature 
ol the treatment, and the manner in 
which newspaper techniques afl:ected 
the picture presented to tlie reader. 
These factors are difficult to analyze m 
any objective fashion, but the Bureau 
approached the problem from seveial 
new angles and obtained some fruitful 
lesults. 

One approach was a test of ihc mate- 
rial by the criterion ol tlie repetition ol 
statements. In any continuing news slo- 
ly, it is to be expected that a newspaj'ici 
will ircqueiilly find it necessary to re- 
view past events as background. In mak- 
ing the selection of what backgioiind 
inlormation to print, the newspaper ob- 
viously exercises more selective judg- 
ment than it can with respect to the new 
mateiial, for the background provides 
many more items from which to choose. 
If, foi example, the Un-American Activi- 
ties Committee announced that it in- 
tended to hold a hearing on the Condon ' 
case, the “news” was pietty well le- 
stricled to that fact, but in injecting 
background into the report a paper could 
choose from among a number of state- 
ments, such as that Dr Condon liad been 
accused of associating with spies, that he 
liad lieen cleared by the Loyalty Board, 
and so on. Thus it is of considerable in- 
terest to see what the papers chose to 
include as background in their reports as 
the news developed. 

In the analysis of this phase of the 
newspapers' coverage, all statements 
printed within two days after an occur- 
rence were classified as “new” and all 
others as “old ” The general finding that 
resulted from this analysis was that in 
eight of the nine dailies the “old” or 
repeated statements built up the case 
against Dr. Condon more than the 
case for him. About 57 per cent of the 
case against him in the papers consisted 
of revivals of the original charges. On 
the other hand, criticisms of the Un- 
American Activities Committee were 
seldom repeated; only 11 per cent of the 
statements in this category were revivals. 

In every category of statements on the 



case except the one that coveied ciiti- 
cisms ot Condon, new statements out- 
uumbeied the old. The newspapeis le- 
peated general denunciations ol him six 
times as often as they repeated geueial 
statements in his suppoi*t. I£ the\ had 
published no “old” statements at all, the 
scoie for statements directly naming 
Condon would have been 416 pro to 
301 anti, instead of 695 to 681 the other 
way 

Theie is no leason to believe that this 
lesult was deliberate But the fact re- 
mains tliat the lepoiting techniques em- 
ployed by the papers served to inflate 
the case against Condon far beyond its 
native size 

Anothei signihcant finding concerns 
the newspapeis' handling of the Com- 
mittee's promises of a hearing to Di. 
Condon, and of the bieach of that piom- 
ise. All the papeis reported the promises 
much more often than the breach Heie 
again, howevei, there weie substantial 
diherences between the two gioups of 
papers. The Times, Tribune, Sfcn and 
Post published 14 statements on tlie 
Committee's pi onuses for every 10 state- 
ments on its failure to keep the promise 
In the other fi\'e papers as a group the 
1 atio was about eight to one. 

Summary 

Thus the content analysis produced 
these principal findings the nine New 
York papers showed wide variations m 
then news treatment of the case, al- 
though all weie reporting the same story. 
Some presented a picture predominantly 
lavoiable to Di. Condon, some pre- 
dominantly unfavorable. As reported in 
all the papers, the charges against Dr. 
Condon were vague. The width of the 
support of Dr. Condon received substan- 
tial attention in the Times, Trihtuie, Sfcu 
and Post but very little attention in the 
other five papers. The background mate- 
rial levived for use m the running news 
stories had the effect of building up the 
case against Dr. Condon but did not 
build up his defense to anywhere near 
the same degree. All the papers reported 
tlie Committee's promise to give Dr. 
Condon a hearing far more often than 
they reported its failure to do so. 

Such are the objective findings. The 
writers have attempted to avoid judg- 
ments, or have labeled them cleaily 
when they seemed unavoidable. How or 
why the press treatments here described 
took the form that they did, and whether 
the papers should be commended or con- 
demned are questions to be considered 
by interested students of the press 
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CLEARED BY AEC 
OR COMMERCE DEPARTMEHT 


GENERAL PRAISE OR SUPPORT 


DENIALS OF SPECIFIC CHARGES 


DENIALS OF CHARGES IN GENERAL 

PRAISE OF $Ceif£iC.i&lLllI 

COOPERATIVE DURING INVESTIGATION 
SPECIFIC INSTANCES OF DISCRETION 

OTHER 
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GUILT 3Y ASSOCIATION 


LAX AS TO SECURITY 


GENERAL CRITICISM 
OR DEMAND FOR DISMISSAL 


GENERAL SUSPICION 


HOT CLEARED BY AEC OR COMMERCE DEPT 
OTHER 


CASE FOR AND AGAINST Condon as presented in the New York press as a 
whole is summed up in this chart showing the percentages of statements in 
various pio and eon categories. Charges against him were invariably vague. 




UN-AMERICAN ACTIVITIES COMMIHEE 


FBI REPORT AS QUOTED BY 
UN-AMERICAN ACTIVITIES COMMIHEE 


NO SOURCE SPECIFIED 


OTHER 


ANALYSIS OF SOURCES of statements shows that anti-Condon case 
consisted largely of assertions by Thomas Committee. Scientists^ defense of 
Condon got much less attention. ^‘Newspapers^' means no source specified. 
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REVIVED STATEMENTS represent repetition of old material in news 
stories. The newspapers repeated charges against Condon much more often 
than they did his exoneration. t]iu« hiiilding up attack more than defense. 
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THE MECHANISM 
OF LIGHTNING 

The dramatic pheuomenon of nature is closely 
studied in the laboratory and in the field. It is 
found to be an intricate series of physical events 


hy Leonard B. Loeb 


I IKE many othei commonplace natu- 
j ral phenomena, lightning has been 
uncommonly difficult to explain. 
Although it is two centuries since Ben- 
jamin Franklin made a start by showing 
that lightning was an electrical dis- 
charge, not until the piesent decade have 
we begun to understand the exUaordi- 
narily intricate mechanisms involved in 
the origin and development of a light- 
ning flash. Recent researches, however, 
appear to have removed much of the 
mystery from this awesome spectacle. 

Let us begin by considering the atmos- 
pheric situation that leads to a lightning 
storm. Whenever weather conditions 
produce rapid updiafts of warm, mois- 
ture-laden air that rise well above the 
freezing level in the atniospheie, tlie 
region involved becomes a huge genera- 
tor of static electricity. The water drop- 
lets of this thundercloud, in which the 
updrafts may leach a velocity of 160 
miles an hour or more, become electri- 
fied. Just how the charges are generated 
is still a matter of conjectme. It may be 
that the wind currents tear at the sur- 
face of the droplets, producing a fine, 
negatively-charged spray and leaving 
the larger droplets positively charged. 
Another possibility is that electrical fields 
already existing in die clouds induce 
charges on falling droplets. Still another 
is that ice crystals at the upper levels 
are electrified by friction or by some 
process that accompanies freezing. 

In any case, large masses of charged 
water droplets and ice crystals become 
segregated in positively- and negatively- 
charged groims and collect at different 
localities within the thunderhead (see 
diagram on opposite page). Between 
these huge groups of opposite charge 
very high potential differences and elec- 
trical fields develop. It is these highly 
charged regions of the cloud that ac- 
count for the split-second eleetncal dis- 
charges called lightning. 

As the charged, wind-driven thunder- 


head appioaches a given ground area, 
electrical fields gradually build up be- 
tween the earth and the cloud. Near the 
earth the fields rarely exceed 2,700 volts 
per centimelei of their length, hut even 
at such a field a vertical conducting lod 
from the earth only 10 feet long (alxnit 
305 ccnhmelers) would have a potential 
diffeience of inoic than 800,0()() volts 
(305 X 2,700) with the uncharged sur- 
rounding atmosphere. Such a field 
would make the haii of a person seated 
on the giound literally stand on end. It 
accounts for the corona discharge, popu- 
larly called St. Elmo's Fire, which is 
sometimes seen issuing from a church 
steeple or from the wmgtips of an air- 
plane during a storm. 

In a cloud that produces lightning, the 
area of the charged region generally has 
linear dimensions of some 1,000 feet. At 
nearby points the charged region devel- 
ops fields of 30,000 volts per centimeter^ 
so the field of the cloud is vastly gi eater 
than the one at the ground. Thus light- 
ning discharges usually originate at the 
cloud and work downward. On the other 
hand, a very tall grounded conductor 
such as the Empire State Building may 
develop a potential high enough to ini- 
tiate a lightning discharge fiom the 
earth. Be this as it may, however, the 
distribution of charges in a thunder- 
cloud is such that there are many more 
discharges within the cloud than be- 
tween the cloud and the ground. These 
discharges, lai'gely concealed by the 
cloud, account for the so-called sheet 
lightning sometimes seen in distant thun- 
derclouds on dark nights. 

Lightning strokes vary in length from 
500 feet to two miles or more. Calcula- 
tions based on the length of these paths 
and on the fields at tihe earth indicate 
that the electrical potential between a 
thundercloud and the earth is of the 
order of bundreds of millions to billions 
of volts. If the space between the cloud 
and the earth were a vacuum, these huge 


potentials would acceleiatc electrons 
and ions to a speed sufficient to smash 
the nuclei of atoms. In the air, the ac- 
celerated pai tides cannot allam any 
such energies, for they are slowed by 
countless impacts with the air molecules. 
Nevertheless the power of a lightning 
stioke lemains impressive. The hricl 
cmients it generates will vaporize No. 
12 copper wiie; tlie magnelic fields pro- 
duced by a relatively .slioil stioke down 
a copper inho one ccnlimeler in diameter 
witli walls one and a half millimctcis 
thick will collapse the tube. A liglilning 
stroke which ti’avels down the moist in- 
ieiior of a tree in 30 feet liberates enough 
heat and steam literally to blow the 
trunk open. 

T he visible flash of lightning is pro- 
duced by the heating of air mole- 
cules in the path of the stroke, which 
may leach a temperature of 30,000 de- 
grees Centigrade. Camera studies show 
that the channel of the stroke icmains 
luminous for some 100 millionths of a 
second after the stroke itself. Owing to 
the enormous power oi the stroke, the 
channel expands explosively, and this 
accounts for thundei, which comes from 
the shock waves produced by the chan- 
neTs expansion. The explosion of seg- 
ments of the channel near an observer is 
heard as a sharp crack; rumbling thun- 
der comes from more distant segments, 
from repeated strokes and from echoes. 
These rumbles, it may be noted, cannot 
be heard as far as those from major gun- 
fire, which indicates that lightning dis- 
charges, impressive as they are, do not 
yield as much power as ordinary man- 
made explosives, to say nothing of an 
atomic bomb. The noise of big guns can 
be heard for a distance of some 15 miles; 
the audible limit for thunder is only 
about seven miles. 

Analysis of the lightning stroke shows 
that it is very similar to the long sparks 
that jump the gap between two widely 



sepal ated condenseis ot high potential. 
Like these spaiks, a lightning stioke fol- 
lows a crooked path and develops 
branches or forks that advance in the 
direction of the stioke, so one can al- 
ways deduce from its branches the dii ac- 
tion in which a stroke is traveling. Unlike 
condensei sparks, lightning does not os- 
cillate back and forth. Damping due to 
the high resistance of the electrical 
feeders from which the stroke originates 
peimits it to dischai'ge m only one diiec- 
tion, A hghtnmg stioke may come fiom 
a positive or negative cloud, but most 
sti’okes, except m mountam stoims, are 
from negative clouds. 

The speed of lightning is no idle meta- 
phor. a lightning stroke travels at a 
velocity of approximately one bilhon 
centimeters pei second. It lasts no longer 
than five to 500 microseconds (millionths 
of a second) , the median being some 30 
microseconds. The quantities of elec- 


triciU^ involved, however, are huge, a 
single discharge may ti*ansfer 200 cou- 
lombs of electiicit}^ (a coulomb being 
the quantit\^ of electricity tiansferred by 
one ampere of current in one second); 
m terms of current a stroke may carry as 
much as 500,000 amperes. A sti'oke of 
200 coulombs and one billion volts which 
lasts 200 micioseconds produces a thou- 
sand billion kilowatts of power 

The spark channel down which this 
huge packet of energy travels at fiist is 
tiny— an inch or less in diameter— but the 
powei of the completed stioke expands 
the channel at the explosive rate of 
50.000 mches pei second. Thus it is dif- 
ficult to define the diameter of a light- 
ning sti'oke, eitlier as it appeal s to the 
eye or in a photogiaph. The lightning 
channel loses much of its lummosity 
aftei it expands to a diameter of a foot 
or moie, so that it appeals reasonable 
to estimate that the visible hghtnmg 


stroke ranges from an inch to a foot m 
width. 

T hese observations serve to describe 
the phenomenon, but they do not ex- 
plain tfie mechanics of the lightning 
sti-oke Itself. The basis foi an explanation 
of that fundamental question was laid by 
several mdependent studies made just 
before the leceiit war. One gioup of stud- 
ies, conducted by tire wiiter and J. M. 
Week m the U. S. and independently 
by H. Raether in Germany, analyzed 
the mechanism of ordinary elecbacal 
sparks in air. Other basic mformation 
was provided by photographic anahses 
of the progress of electiical sti'okes on a 
microsecond time scale. These were 
made in South Africa by B. J. F. S chon- 
land and Ins associates, who used a 
camera with a rapidly revolving lens to 
photograph actual hghtning strokes, and 
in England by T. E. Alhbone and J. M. 



THUNDERCLOUD is a mighty generator of static elec- 
tricity. The lightning flashes in this drawing are massive 
discharges between regions of differing potential. Some 
flashes are within the cloud. Others play between the 
cloud and the ground. The latter is indicated by A. B is 
the base of the cloud, C is the wind that drives the cloud. 


D is the ascending, moisture-laden air current. E is the 
descending air current. F is the roll or scud cloud, G 
indicates up and down drafts. H is the region where hail 
is generated. I is the highest region of ice formation. J is 
rain falling from the cloud. A scale of height in miles 
and temperature in degrees Centigrade is at the left. 



SEQUENCE OF EVENTS in a flash of lightning is out- 
lined by analyzing a discharge between two parallel 
plates. The upper plate is positively charged; the lower 
plate, negatively. The field between them (A) has a 
strength of 30,000 volts per centimeter. At the lower 
left a random photon knocks a single electron from an 


atom. Moving towards the positive plate, the electron 
collides with other atoms to liljcratc an avalanche of 
electrons. In the wake of the electrons launaiii positiv(dy- 
charged atoms, or ions (C and D) . These ions reinforce 
the charge of the positive plate, thus attracting new 
electrons (F) that have been liberated by radiation <E) 


made similar photographs of 
long sparks with a revolving film camera. 

The investigation of ordinary sparks 
showed that the path they follow in the 
iiir IS created by a so-called ' sti*eamer” 
mechanism. This process begins when 
air at atmospheric pressure is placed in a 
field of about 30,000 volts per centi- 
meter, or as little as 10,000 volts if water 
droplets are present. A single electron 
starts the process, and there are always 
stray electrons, liberated by cosmic rays 
or radioactivity in the air, on hand to 
start it. The electron, advancing from the 
negative end of the field towards the 
positive end, gains energy from the fie|d 
despite its bilhotis of collisions per sec- 
ond wifli gas molecules. When it gains 
; energy , it begihs to faaock 4ec- 

tno-leksulds it 



strikes. These m turn lepeat the process, 
so that the liberated electrons soon be- 
come an avalanche. After a run of one 
centimeter in a field of 30,000 volts per 
centimeter, the single initial electron 
produces an avalanche of 10 million free 
electrons, Raether has photographed 
such avalanches in a Wilson cloud cham- 
ber by condensing water drops on the 
ions left in the avalanche tracks. 

In their wake the freed electrons of 
course leave large numbers of positively- 
charged ions, for each molecule from 
which an electron escapes is ionized. 
The ions create a positive ' electrical 
charge throughout the space in the path 
of the electrons. When the ions left by 
the electron avalanche are deserted by 
the electrons at Ae positive end of the 
fi^ck thoy add to its positive potential. 


The augmented field soon becomes stiong 
enough to diaw photoelectrons, created 
as an accompaniment to the avalanche 
process, from the negative side of the 
field. The photoelectrons, feeding into 
the ion space-charge left by the initial 
avalanche, produce more ionization and 
enlarge the space-charge so that it ex- 
pands backward towards the negative 
end of the field. The situation can be 
pictured by imagining a magnet that by 
its field draws iron filings from a distant 
pile in such a way that the filings, build- 
ing on to one another from the magnet 
backward, form a path back to the pile. 

T he entire chain of events, illustrated 
in the series of diagrams above, takes 
place in a matter of microseconds; the 
avalanche of electrons, for example, ad- 
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dxiring the previous events. The electrons, in turn, ionize 
more atoms so that a heavily ionized region (G) begins 
to extend towards the negative plate. This process con- 
tinues until there is a bridge of ions ( J ) , called a stream- 
er, between the two plates. It is this streamer that pro- 
vides the channel for a spark or for lightning. The next 


drawing illustrates the process by which streamers form 
branches. A streamer (M) attracts two avalanches (K 
and L). The avalanches are then reversed to form a 
branched streamer. The remaining example shows ho^s" 
a streamer may begin before an avalanche has reached 
positive plate. Streamer then works towards both plates. 


I 


Vances at the rate of 20 million centi- 
meters per second. The ionized path that 
is formed as the end result of the process 
IS called a streamer, and it is tliis stream- 
er that provides a channel for the spark 
or actual lightning stroke. 

In a thunderstorm, such a streamer 
bridges the gap between tlie charged 
cloud and the ground. The bridge is a 
conducting filament of ions with elec- 
trons streaming over it, and it acts as a 
kind of tear in the electrical field, ac- 
centuating the electrical stress at its 
ends. The instant the bridge is com- 
pleted, it releases a cataclysmic burst of 
electrons from the negative terminal—in 
this case the ground. The burst of elec- 
trons sends a potential wave up the 
streamer channel to the cloud. This lit- 
erally tears electrons out of most of the 


molecules in the centimeter-wide, chan- 
nel. The cloud’s charge and energy are 
then drained away down the conducting 
channel for some 10 microseconds, mak- 
ing the channel brilliantly luminous. The 
speed of the potential wave, called the 
return stroke, is from one to ten biUion 
centimeters per second-one thirtieth to 
one third of tlie speed of fight. This 
brilliant flash constitutes the phenome- 
non we call lightning. 

Once tlie spark channel has been es- 
tablished, there may be repeated strokes 
from the cloud down the same channel. 
The discharge of the section of the cloud 
from which the stroke comes changes its 
potential with respect to other sections 
of the cloud, and strokes within die cloud 
dien recharge this section, causing new 
strokes to tlie ^ound. As many as 40 


successive strokes down a single channel 
have been observed—the legend that 
lightning never strikes twice in the same 
place is wrong m more ways than one. 
The repeated strokes follow one another 
very rapidly, at intervals ranging from 
tenths to hundred-thousandths of a sec- 
ond. 

The process that has been described 
is that for a stroke from a positive cloud 
to negative ground. For a stroke from a 
negative cloud the mechanism is similar, 
except that the streamer is built up by 
steps. 

The foregoing description represents 
the fundamentals of the process, but in 
an actual lightning storm the sequence is 
a bit more complex because of the length 
of the strokes. ‘When Schonland photo- 
graphed the lightning discharge with his 


25 






revolving-lciis camera, fhe pictmes 
showed that the stroke advanced in a 
scries of jumps. The mechanism for this 
process is deduced to be as iollows: 
When a streamer is initiated from the 
cloud it staits towards the ground as a 
“pilot” streamer. Alter some 30 to 90 
microseconds, during which the tip of 
the streamer has advanced 10 to 30 feet, 
the ionization in the streamer's upper or 
cloud end decays as the result of the 
lecombmation of ions. This builds up 
a high resistance, and in consequence a 
high potential, at the upper part ol the 
channel. When the potential reaches a 
ciilical limit, the stiess is great enough 
to le-ionize the part of the channel on 
the earth side of the region of stress. A 
lapid pulse of ionization then ssweeps 
down the channel, inci casing m speed 
and intensity as it approaches tlie tip 
of the streamer. When it reaches the tip, 
the latter is given a boost in energy. It 
lights up brilliantly, and often produces 
branches at this point. The pilot streamer 
then advances lor another 40 to 90 
microseconds, whereupon decay again 
sets m at the cloud end and the piocess 
is repeated. Thus tlie pilot streamer 
forges ahead, the mechanism being 
known as the “stepped leader" process^ 


AVALANCHE of electrons, depict- 
ed in drawings on pages 24 and 25, 
is photographed in a cloud chamber. 


ADVANCE of avalanche within the 
chamber is apparent in u photograph 
made tiny fraction of a second later. 



GROWTH of avalanche^is dio^syn ih STREAMER develops from another 
third photograph. Electrons j ^vailaaphe. These Experiments were 

^toms m droplets <ipndonse on them, u d^einthe laboratory of tl. Ractlier. 








AS the sti earner approaches the ground, 
-LX. the field distortion, particularly near 
conducting elements lu the ground, in- 
creases. The streamer speeds up and 
heads in at a nearly vertical angle to the 
ground. If the stroke is from a negative 
cloud, in the last microsecond before the 
stieamei is completed a positive streamer 
may advance from the ground to meet 
the pilot streamer, usually 15 to 40 feet 
above the ground. In any case, as soon 
as the pilot streamer makes contact with 
the ground or with a positive ground 
Sti'eamer, an enoimoiisly steep potential 
wave sweeps up the channe] to the 
cloud. This return stroke, winch ionizes 
from one to 30 pei cent of the gas mole- 
cules in the channel, is the lightning 
flash that we see. After this stroke dis- 
charges the section of the cloud to which 
the channel leads, the cloud is lecharged 
as we have already indicated, and it then 
yields a new discharge towards the 
ground. Because the channel is now fully 
ionized, the discharge pioceeds not by 
steps but directly to the ground. This 
wave, called a “dart leader,” accounts 
for the repeated strokes of lightning. 
When the dart leader reaches the ground 
it calls forth a new bright return stroke. 
Dart leaders and return strokes repeat 
themselves in rapid sequence until the 
cloud element is drained of its high 
potential. 


Leonard B Loeb is* pro- 
fessor of physics at the 
University of California. 



COMPLEX STRUCTURE of lightning is illustrated by the General Electric Company with the revolving-lens 
a photograph of a single bolt striking the Empire State Boys camera. At the top the stroke is dissected into one 

Building. This photograph was made by researchers of long discharge (at right) and six subsequent ones. 
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Legislation 

T he 81st Congress already has be- 
fore it several dozen bills of interest 
to the sciences. The most important pro- 
vide for 1) national compulsory health 
insurance, 2) Fedeial assistance in set- 
ting up local public health services m 
ruial areas, 3) Federal support tor pri- 
mal y and secondaiy schools, 4) a Na- 
tional Science Foundation, All are simi- 
lar to unsuccessful bills m the last 
Congress. All but the first appeal as- 
siiiecl of passage this spring. 

The national health insurance bill, one 
of the principal social measines rccpiesl- 
ed by the Piesident in his Stale of the 
Union message, is sponsored in the Sen- 
ate bv Senators Wagner, Miiiray, Cha- 
vez, Pepper, Tayloi and hIcGrath, and in 
the House by Repicseiitative Dingell of 
Michigan, The insurance system would 
be financed by payroll taxes and would 
provide medical and hospital care for 85 
per cent of the U. S. population Doctors 
and liospitals participating in the system 
would be paid— on either a fee-foi -serv- 
ice 01 a per capita basis, whichevei they 
preferred 

The bill to promote rural public health 
units was introduced by newly elected 
Senator Chapman of Kentucky. About 
40 per cent of the 3,071 counties in the 
U. S are without full-time public health 
services. Senator Chapman’s bill seeks to 
remedy this by adding Federal funds to 
state funds for new units. The money 
would be apportioned according to each 
state’s need as indicated by its per capita 
income. 

The school aid bill, whose author is 
Senator Thomas of Utah, would allot 
funds to the states on the basis of per 
capita income and the number of pupils. 
The two troublesome issues that have 
hitherto blocked Federal school aid- 
segregated schools in the South and the 
question of aid to parochial schools— are 
by-passed in the present bill. The states 
will be allowed to follow local practices. 
The President’s budget contains a pro- 
posal of $300 million for the first year of 
the program. 

The lienee Foundation bill failed to 
go throu^ Congress last year only be- 



cause of a List-mmute legislative jam In 
this session it is sponsored by three Sena- 
tors of each paity, Thomas, Kilgoie and 
Fulbnght, Democrats; and Smith, Cor- 
don and S alt ons tall, Republicans. The 
bill is considered virtually certain to pass 
unless it IS stalled behind the health m- 
suiunce bill m the Senate Labor and 
Public Welfaie Committee. The Piesi- 
dent’s budget message asked for a $2.5 
million appiopiiation and $12,5 million 
in contiact aulhonzations to get the 
Foundation started during the fiscal year 
lieginning m July. 

Atomic Energy 

RESIDENT TRUMAN has indicated 
that he will ask Congiess to lestore 
the system of staggered terms for mem- 
bers of the Atomic Energy Commission 
as oiiginally provided in the Atomic En- 
ergy Act The piesent terms, fixed by the 
Both Congress, all exphe on August 1, 
1950. 

A rcpoil by the AEC’s Industrial Ad- 
visoiy Group finds that indiistiy is not 
playing a largo enough lolc m the devel- 
opment of atomic energy. Aside from the 
1 airly widespiead use of ladioactivc iso- 
topes in research, there are lew com- 
panies exploring the applications of 
atomic eiieigy. The Industrial Advisory 
Group, headed by James W. Paiker of 
the Detroit Edison Company, thinks 
that more can be done to encouiage in- 
dustrial participation. It recommends 
publication of declassified research pa- 
pers still unpublished; preparation of 
special technical and semitechnical le- 
ports for industry, and reports on the 
organization ol the AEC and its policies 
on such questions as patents, systematic 
promotion of personal contact between 
AEC and scientific and technical per- 
sonnel in industry, establishment of a 
larger peimancnt industrial advisory 
committee. 

The AEG has announced publication 
of the first volume of its monumental 
National Nuclear Energy Series. The 
series, which will include about a third 
of the 2,400 AEC and Manhattan Dis- 
trict pajDers declassified so far, will run 
to 60 volumes. 

Piactical utilization of atomic power 
moved a step nearer with the award of 
a contract to the Westinghouse Electric 
Corporation for a ship-propulsion unit 
to be built to specifications furnished by 
the Navy Bureau of Ships. Westinghouse 
will develop the unit in collaboration 
with the AEC’s Argonne National Labo- 
ratory. 

The AEC and the Agricultural Re- 
sear di Admipistration, experimental arm 


of the Department ol Agricultuie, also 
announced results of a large-scale test ol 
the effects of small doses ol radioactivity 
on crop growth. Increased yields and 
eailiei ripening had been claimed by 
several expeiimenters Tests in 14 states 
on 20 crops, liom cotton and tobacco 
to beans and tomatoes, tailed to back up 
the claims. 

Atomic Clock 

T he hist clock in bistoiv to be legu- 
lated by the spin ol a molecule in- 
stead ol by the sun or stais is now a tick- 
ing reality. It was unveiled at the Na- 
tional Bureau of Standards last month 
by its designer, Harold Lyons. The clock 
IS controlled by the peuod ol vibration 
of the mtiogen atom in the ammonia 
molecule. 

As explained in ''Radio Waves and 
Mattel” by Hariy M. Davis (Scientific. 
Atvierican, September, 1948), the clock 
was develojoed by the use ol micro\vavc 
speclroscojiy. Nitrogen atoms in mole- 
cules of ammonia gas uiiclcr low pics- 
suie strongly absoib radio energy at a 
certain jiiicrowavc frccpiciiey and osc'il- 
lalc in resonance with this frequency. 
In Dr. Lyons’ clock, this resonance hc- 
cpiency is utilized to regulate the Irc- 
cpiency of a beam of microwaves. The 
lieam m linn contiols an oscillating cui- 
lent driving a conventional alternating 
current clock. 

The ammonia clock has an accuracy 
of better than one pait m 20 million 
Such accuracy is beyond any attainable 
in astronomical observations, since these 
always involve the variable rotation of 
the earth. Tlic clock gives astionoiny an 
inclependenl yaidstick lor guiding tele- 
scopes and measiiimg the length ol the 
solar yeai. The device can also be em- 
ployed as a liroadcasting frequency 
monitoi. Its constancy will make it pos- 
sible to cut allowances foi “dnit.” As a 
result, iheie will be room in the crowded 
radio spectium lor more television, FM 
and standaid bioadcast stations. 

Aerobee Rocket 

A new rocket specifically designed 
foi reseaich m the upper atmos- 
phere has been successful m flight tests 
at the White Sands, N. M., proving 
ground. Named the Aerobee, it has car- 
ried 100 to 250 pounds of scientific 
equipment to heights of 70 miles. 

The first large high-altitude rocket of 
American design, it was developed by 
the Applied Physics Laboratoiy of Johns 
Hopkins University under Navy sponsor- 
ship to take the place of the dwindling 
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supply of captured German V-2s. Al- 
though it does not have the lange of the 
V-2 (114 miles), it is a more practical 
and less expensive instrument. 

The Aerobee is nearly 19 feet long 
and very slender (15 inches in diam- 
etei). It has two motors- one, bur nin g 
solid fuel, is jettisoned when the velocity 
reaches 1,000 feet a second, the other 
uses liquid fuel. It has no guiding mech- 
anism; its course is set on the launching 
platform. Data gathered by the instru- 
ments m the rocket are radioed to the 
ground by an automatic transmitter, or 
are recoveied after the rocket falls. An 
explosive charge blows off the tail dur- 
ing descent and tumbles the rocket end- 
over-end, slowing the fall to 150 feet a 
second. Twenty Aerobees have been 
built. So far tliree have been fired suc- 
cessfully. 

AAAS President-Elect 

R oger ADAMS, dean of U. S. or- 
ganic chemists, has been elected 
president of the American Association 
for the Advancement of Science to serve 
in 1950. The president for 1949, named 
by the AAAS Council a year ago, is 
E. G. Stakman, the University of Minne- 
sota plant pathologist. 

Dr. Adams, head of the depaitment of 
chemistiy at the University of Illinois 
since 1926, is a former president of the 
American Chemical Society. He is widely 
known not only for his research accom- 
plishments, but as a teacher. Scores of 
leading U. S. chemists were his students. 

Scientists in Unifoj'm 

T he special training and abilities of 
most of the 50,000 scientists and en- 
gineers who served in the armed forces 
during the war were largely wasted, 
accordmg to a report just released by the 
Army. Assignments that could make use 
of their professional skills were given to 
only four in 10 of those who received 
direct commissions as officers, to only 
three in 10 who entered as reserve offi- 
cers, and to only two in 10 enlisted men. 
The rest were used for purely adminis- 
trative duties, foi combat or merely as 
''another pair of hands,"' 

The report was prepared under the 
direction of David M. Delo, chief of the 
Scientific Manpower Section of the Army 
Research and Development Group. It 
was based on replies to questionnaires 
sent to the scientists and engineers them- 
selves. They were practically unanimous 
in condemning Selective Service and the 
armed forces" personnel policies. The 
draft boards, it was said, made those for 


whom deferment was sought feel like 
draft dodgers, so that many enlisted or 
refused deferment and thus were lost to 
high-priority research projects. 

The report recommends that m the 
event of another war a scientific man- 
power pool replace Selective Service for 
scientists and engineers. Those in charge 
of the pool would control assignment of 
scientific peisonnel both to military and 
to civilian organizations. 

Rivalry for Hospitals 

ONSPICUOUS vv^aste and duplica- 
tion in the medical facilities of the 
armed forces has been reported by the 
medical task force of the Hoover Com- 
mission on Organization of the Executive 
Br-anch of the Government. 

The group found that m New York, for 
example, tlie Army, the Navy and the 
Veterans Administration are all em- 
barked on large hospital construction 
programs, although the five existing mih- 
tary hospitals in the area have an over- 
all occupancy rate of only 60 per cent. 
Some of the patients m the military hos- 
pitals, moreover, are properly charges of 
the VA, which has enough beds to take 
care of them The St. Albans Naval 
Hospital on Long Island is plaiming to 
install the largest X-ray machine ever 
built for cancer therapy, the investigat- 
ing group observes that patients requir- 
ing such treatment are rarely of further 
mihtary value and should be discharged 
and sent to VA hospitals. 

The group s report outlined schemes 
for consolidating mihtary hospitals 
which, it declared, would improve the 
quality of care and sharply reduce the 
number of doctors needed by the armed 
forces. The report also called for a com- 
parable regrouping of Federal civilian 
medical agencies into a new national 
bureau of health with three divisions 
One would operate all Federal hospitals 
except military station and field hospi- 
tals. The second would merge the public 
health activities of the Public Health 
Service and the Food and Drug Adminis- 
ti-ation. The third would consolidate all 
Federal medical research and training 
activities. 

Vitamin Bi^ 

T he discovery of a vitamin, 3^4, 
which halts the growth of a type of 
cancer tissue in the test tube is reported 
by two investigators at the University of 
Washington, Earl R. Norris and John J. 
Majnanch. The vitamin attacks the 
Brown Pearce rabbit tumor. It has five 
million times the effect of xanthopterin, 


another compound that inhibits the same 
tumor. 

Vitamin B44 was found in normal hu- 
man urine. Its discovery further com- 
phcates a lively current controversy in 
the chemotherapy of cancer. The dis- 
cussion revolves largely around folic 
acid, another B vitamin, A synthetic de- 
rivative of folic acid called teropterm has 
been reported by some investigators to 
ameliorate cancer, but it is not to be 
considered a cure. Research attention 
has recently shifted to certain antago- 
nists of folic acid, notably xanthopterin 
and aminopterin, as possible inhibitors 
of human cancer. 

Heroin 

AN alarming increase in the use of 
heroin, so dangerous a narcotic that 
it has been completely outlawed in the 
U. S. for almost 40 years, is reported in 
a dozen countries. 

In Finland, according to the interna- 
tional Permanent Central Opium Board, 
consumption of heroin m 1947 was three 
times what it was in 1936. For 1949, 
Finland has asked the Board for import 
hcenses for thrice the 1947 amount. In 
Italy, per capita consumption has risen 
50 per cent m a decade. Large increases 
have also taken place in New Zealand, 
Sweden and Austraha. All five of these 
countries were criticized by the Opium 
Board, which is continuing the League 
of Nations campaign against heroin. 

Heroin, a derivative of morphine, is 
effective in suppressing the cough re- 
flex and was once the drug of choice in 
whooping cough and tuberculosis. The 
drug is extremely hahit-formmg, how- 
ever, and it is now prohibited in 25 
coimtnes. 

WHO oTi the Air 

T he World Health Organization has 
inaugurated daily broadcasting of 
world- wide epidemic reports, Broad- 
casts are beamed to Europe, Africa and 
the Americas from WHO headquarters 
in Geneva, and to Asia from a WHO 
center in Smgapore. 

Meetings in March 

I^PTICAL Society of America. Winter 
meeting. New York City, March 10- 

12 . 

American Association of Petroleum 
Geologists, Annual meeting. St. Louis, 
March 14-17. 

American Chemical Society. Semi- 
annual meeting. San Francisco, March 
27-31. 
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^“y^^'^tFTOGRAPH of a tomato ^ows how the plant 
utilizes tiny amounts oi zmc. The yine faom which the 
tomato was taken was grown in a solution containing 
' ^'4’<hoactiye zinc ,),, The, planjc th^/!mcoirpnt;ated 


the zinc into its tissues. Finally the tomato was sliced 
and placed on a photographic plate, the radioactive zinc 
affecting the plate just as light. Experiment was per- 
formed by Perty R. Stout of the University of California. 



The relatively recent application of labeled atoms 
in biological research has already brought out some 
remarkable information about the chemistry of life 


T he recent application of isotopes as 
tracers for investigating life proc- 
esses IS now widely recognized as 
one of the most significant developments 
in the long history of the biological sci- 
ences The researches made possible by 
this technique already have yielded sub- 
stantial conti'ibutions to fundamental 
biology. Beyond these, the visions 
opened by the technique have both 
surprised and stirred biologists. It is as 
if, looking into some quiet forest pool, 
one were to find its micioscopic animal 
life suddenly endowed witli visibility, 
leveahng a vast activity of movement, 
interchange and transformation hardly 
indicated by the seeming calm and 
stabihty of the surface In much the 
same sense, the new-found ability to 
label hvmg material with isotopic tracers 
has generated new insights into the 
ceaselessly busy system of intei action 
between the living cell and its environ- 
ment and within the cell itself 

The power of the tracer technique is 
readily illustrated by the simple experi- 
ment depicted on the next page. Sup- 
pose that a beaker is filled with a solu- 
tion of sodium chloride— common table 
salt— in water, and the beaker is then 
divided into two compartments by 
means of a permeable membrane. Ob- 
viously material is diffusing back and 
forth tlnough the membrane, yet no or- 
dinary chemical or physical means can 
demonstrate tliis movement, for the sys- 
tem IS in a state of equilibnum. The solu- 
tion on botli sides of the membrane is 
identical; each half of the beaker has tlie 
same number of positively-charged so- 
dium ions and negatively-chai ged chlo- 
rine ions. 

Now suppose some of the chloride is 
removed from compartment A and re- 
placed with an equal volume of specially 
prepared chloride containing only the 
lighter isotope of chlorine— Cl^^, of 
atomic weight 35. Normal chlorine, a 
mixture of two stable isotopes, has an 
atomic weight of 35.5. Thus the new 
material, though chemically indistin- 


by Martin D. Kameii 

guishable from the chloride it replaced, 
is lighter. In consequence the diffusion 
of the new chlorine ions into compart- 
ment B, as well as the rate of this diffu- 
sion, can be detected merely bv observ- 
ing tlie rate at which the weight of the 
solution in B decreases. Preciselv the 
same result is obtained by labeling solu- 
tion A with a radioactive, or unstable, 
isotope of chlorine instead of a stable 
one. The only difference is in the method 
of detection: in one case the diffusion is 
detected by weighing samples of the B 
solution, in the other by using an instru- 
ment to record radiation from the B so- 
lution. 

This experiment demonstrates, at the 
simplest level, the principle of all tracer 
work. The two interacting systems, A 
and B, may be two pieces of solid salt— 
in which case the membiane is the sur- 
face of contact between them— or two 
pieces of metal, or a cell and its sur- 
roundings, the diffusing material may be 
a metal, a gas, a protein, an orgamc 
product of metabohsm; the membrane 
may be a plant surface, an animals skin, 
a cell interface. In all cases the process 
under study is ti'aced by labeling one of 
the constituent atoms of the cliffusmg 
material with an isotope and determin- 
ing its fate. When, for example, the dif- 
fusing material is a labeled hormone and 
the membrane a cell interface, the in- 
vestigator IS conducting a research into 
the absorption and retention of hor- 
mones by a living system. 

Just as in the case of the two salt solu- 
tions, isotopic tracers can be used to 
distinguish material entering a cell from 
that already present, even though no net 
change in the chemical composition of 
the cell occurs. Thus biologists for tlie 
first time are afforded a method for in- 
vestigating directly the important prob- 
lem of how a cell governs the uptake of 
material from its environment. The great 
sensitivity of tracer methods also makes 
it possible to study the exchange of ma- 
terial within the cell, and the constant 
intercourse among the agents and prod- 


ucts of metabolism which circulate in the 
organism. 

From Front to Hevesy 

Any account of the genesis of this fun- 
damental advance, which thus far has 
been the most beneficial and useful fruit 
of nuclear science, must begm with the 
early 19tii-centiuy English physician 
and chemist William Prout. In 1S16 he 
suggested that all the elements might 
be built of the lightest atom, hydrogen. 
On the Prout tlieory, it was expected 
that the atomic weight of every element 
would he a whole number multiple of 
tlie atomic weight of hydrogen. It tinned 
out, howevei, as the weights of the ele- 
ments became accuiately determined, 
that most of them did not obey any such 
law. Thus chlorine, which should have 
had an atomic weight of 35 or 36, actu- 
ally had a weight 35.5 times hydrogen. 
Consequently the Prout hypothesis was 
abandoned. It might not have been if 
physicists had realized that the "‘irre- 
ducible” elements they measured so con- 
fidently were mixtures, of atoms, and that 
the atoms themselves did indeed follow 
the rule of integral atomic weights when 
compared with hydrogen. 

The twin discoveries of X-rays and 
radioactivity in 1895 and 1896 changed 
the whole perspective. By means of new 
instruments capable of determinmg the 
properties of single atoms, it was soon 
found that most elements were actually 
families of atoms, the members of 
which, although chemically identical, 
differed from one another in certain 
physical properties, notably weight and 
stabihty. Chlorine, for example, was 
found to be a mixtm'e of two types of 
atoms With weights of 35 and 37, present 
in the proportion of three to one respec- 
tively. Among the heavy elements were 
discovered a considerable number of ra- 
dioactive varieties; thus a radioactive 
product of dionum, called Thorium C, 
was shown to be a member of the bis- 
muth family, with a weight of 212 
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SIMPLE DEMONSTRATION of tho tracer method is the case of two iden- 
tical salt solutions separated by a permeable membrane. Unlabeled atoms 
{upp^ left) fail to show exchange across membrane. By using salt contain- 
ing isotope of chlorine (rectmtghs) ^ the diffusion is made apparent. 


iiibtecid of 209— the weight of stable bis- 
muth atoms. It was the Biitish physicist- 
chemist Frederick Soddy, a collaliorator 
of the great Ernest Riitherfoid, who in 
1912 gave these vaiiant atoms of the 
same element the name of isotopes, from 
the Greek isos (same) and topos 
( place ) , meaning that they occupied the 
same place m the pei iodic table. 

Once the existence of isotopes had 
been discovered, chemists pioceeded to 
attempt to sepaiate them. The experi- 
ments they devised for this purpose 
natuially weie based on the physical 
diffeiences among isotopes that resulted 
horn their difteiences in mass-such as 
difleient volatility, mobility in gases and 
liquids, and so on. No one was more 
active ill tins type of research than a 
young Hungarian chemist, George Hev- 
esy, who had come in 1913 to Riithei- 
ford’s fertile laboratory at Manchestei, 
England. In a senes of reseaiches nota- 
lile lor their ingenuity and piecision, 
Hevesy and his collaliorators sliowed 
that the isolation of isotopes m notice- 
able quantities lequiied the most ai- 
duous kind of lalioratory proceduies, 
involving many tliousands of repeated 
di.sbllations or diflusions. These obseiva- 
tions, siipporled by those ol othei ic- 
scaichers, indicated that m ordmaiv 
chemical processes no appreciable dif- 
fcKMices ill the isotopic composition ol 
samples of an elcnieiit would lie noticed 
until the chemical methods loi detei- 
minatioii ol atomic weight uppioached a 
precision of the order of one pint lu 
10,()0() to 1 00, ()()(). Thus it was estab- 
lished that loi all practical purposes or- 
dinary chemical manipulations would 
produce no change in an element’s iso- 
topic composition. 

Hevesy leasoned that if one could 
somehow change the isotopic composi- 
tion of any sample of an element, the 
sample could then be distinguished fiom 
the normal element. In other words, an 
element could bo labeled l)y altering its 
isotopic content, and the labeled mate- 
rial could be loll owed through any 
chemical reaction. In 1923 Hevesy made 
his first lamous tiacei expeument. Be- 
cause radioactive isotopes were available 
only in the heavy elements, he chose to 
begin by studying the intake of lead by 
plants, and he used a radioactive isotope 
of lead, Thorium B, to label the material. 
He bathed the rootlets of young plants 
with solutions of lead nitrate mixed with 
Thorium B nitrate as the tracer. After 
intervals ranging from one hour to two 
days, he burned various paits of the 
plants and determined the amount of 
Thorium B present in each ]part by meas- 
uring the radioactivity of its ashes. 

Tools of Ti'acer Research 

This experiment in plant nutrition 
was the beginning of the isotopic-tracer 
method in biology, The method was se- 



veiely limited at first by the fact that all 
work had to be done \viih. the heavy ele- 
ments, such as lead, bismuth and mer- 
cury. No feasible method existed for the 
separation of stable isotopes m quantity. 
But the discovery of tlie neutron, of 
hea\y hydrogen and of artificial radio- 
activity^ m the 1930s, and the subsequent 
development of large cycloti'ons and 
atomic piles, solved these problems By 
the middle 1940s there was available a 
practically unlimited supply of radio- 
active isotopes of nearly all the elements. 
Meanwhile Harold C. Urev and his col- 
laborators at Columbia University’, m a 
senes of remarkable researches, devel- 
oped methods for bulk separation of the 
stable isotopes of the important biologi- 
cal elements. 

Todav tracer research is Hmited main- 
ly by a shortage of ti'amed investigators. 
One of the principal skills required is in 
the assaying of samples of labeled mate- 
rial, the concenti'ation of which must be 
measured with precision With the de- 
velopment of ready-made instruments 
for this purpose, a tracer researcher now 
need not be an accomplished phvsicist, 
but considerable understanding of the 
physical principles involved is still neces- 
sary’. 

The assaying instruments are of two 
general ty'pes. In experiments using ra- 
dioactive isotopes, the measuring instru- 
ment is the electroscope, the electrom- 
eter or the now^ familiar Geiger-lMuller 
counter The latter consists essentially of 
an ionization chamber and an electronic 
apparatus w^hich perform the functions 
of detecting and amplifying each radio- 
active disintegration of an atom, the 
number and rate of disintegrations is a 
measure of the amount of labeled mate- 
rial present. In experiments using stable 
isotopes, the measuring instrument most 
commonly used is the mass specti-ometer, 
w’hich ionizes the atoms in a sample, 
swnngs them tlirough a magnetic field 
and separates the isotopes by means of 
their differing masses Thus the atoms of 
each isotope are deposited at a separate 
point on a collecting plate and the con- 
centi’ation of the labeling isotope in the 
sample determined. 

Nature of the Problem 

The biochemist’s use of tracers is 
focused primarily on this basic problem* 
How does a given molecule play its part 
in the metabolism of a living organism? 
More specifically, what is the mechanism 
by which the molecule is mobilized ei- 
ther as a source of energy or as a con- 
tributor to the structure of living cells? 
In the investigation of this problem, 
some of the outstanding contributors 
have been the late Rudolph Schoen- 
lieimer and David Rittenberg of Colum- 
bia University, Harland G. Wood of 
Western Reserve University, and Vin- 
cent du Vigneaud of Cornell University- 



BLOOD CELLS are radioaiitograplied to locate tiny concentration of ele- 
ment that emits alpha particles. Here a special nuclear emulsion is placed 
atop cells. Cells and tracks ai*e then photographed together. Autograph was 
made by George A. Boyd and Agnes I. Williams at University of Rochester. 



LUNG TISSUE of a. rat is radioaiitograplied to locate inhaled plutonium 
oxide. The radioactive plutonium oxide is thus shown to concentrate in the 
rat’s bronchial passageways. This study was undertaken by K. G. Scott, D. J. 
Axelrod, J. Crowley and J. G- Hamilton at the University of California. 


33 


H C OOH 


N 


N 


C 

C 

c 




N 

N 



Hs C [^OOH 


N C 


C 

N C 


N 

N 


Haig^HOHCOOH 


N I CJ 

c c 

N C 


N 

N 


H3CCHOH C OOH 


N |_Cl 


C 

N 


> ^ 
iC 1 
1-1.1 


N 

N 


N 

i_Cj 


H2 

NCH 

r^i 

[cli 

N 

D 




c 

N 

jci 

N 


N 






C 

ipj 




N 










CLASSIC PROBLEM was to locate source of each car- 
fa ott atom in uric acid. Structure of acid is at lower left, 
lu drawings above its hydrogen and oxygen atoins are 
^jf^tted for clarity. Numbering system is used in text of 


article. Contpounds with various carbon atoms labeled 
(squares) were fed to birds. Position of labeled atoms 
built into uric acid (short arrows) was then determined. 
Dotted squares indicate only traces of labeled carbon. 


Then principal tools ha\e been tlie sta- 
ble isotopes hydrogen 2, caibon 13 and 
nitrogen 15. 

The result of these researches may be 
summed up in the important general 
finding that a living system is a finely 
balanced complex of chemical reactions 
which, hke the salt solution m the beak- 
er, is in a continual state of flux. Metab- 
olism is not a simple, one-way process. 
The substances of cells are constantly 
being bmlt up and broken down from a 
“metabolic pool” of chemically active 
fragments of molecules that circulate m 
the organism. Schoenheimer aptly hk- 
ened the adult organism to a mihtary 
legiment: 

“[It has] a size which fluctuates only 
within . . . limits, and a well-defined, 
highly organized structure. The indmd- 
uals of which it is composed are con- 
tinually changing. Men join up, aie 
broken, and ultimately leave after \'aiy^- 
ing lengths of service. The incoming and 
outgoing streams of men are numerically 
equal, but they differ in composition. . . . 
Recruits may be likened to the diet; their 
retirement and death correspond to ex- 
cretion.” 

This analogy is admittedly incom- 
plete; it fails, for example, to depict tlie 
chemical interaction of body constitu- 
ents in the living system. Yet it lemains 
an admirable illustration of tlie meaning 
of tlie “dynamic state” in biolog\^ 

The tracing of a metabolic process, as 
already indicated, involves two basic 
steps: 1) labeling a food or another sub- 
stance fed to the organism, and 2) ana- 
lyzing the intermediate and ultimate 
products that may be formed from this 
substance to deteimine the amount, if 
any, of the tracer isotope present. In bio- 
logical research it is often preferable to 
use a stable isotope rather than a radio- 
active one, to avoid the danger of dam- 
aging the organism by radiation effects. 
Thus the use of radioactive carbon 14, 
for example, has not been considered ad- 
visable in studies of human beings; it has 
a half life of 5,100 years and would con- 
tinue to radiate throughout the subject s 
lifetime wherever it remained in the sys- 
tem. 

The labeling process itself is merely 
a matter of chemical preparation. The 
compound to be fed to the organism is 
synthesized chemically in the usual way; 
the only difference is that for one of the 
components in the molecule a single 
isotope, or an unusual proportion of that 
isotope, is used instead of the natural 
element. Thus if the atom to be labeled 
is nitrogen, the compound is prepared 
with nitrogen 15. Supplies of separated 
isotopes are now available commercially 
or Rom an institutional laboratory. 

The tracing of the labeled material, 
however, is somewhat less simple than 
a game of hare and hounds. The labeled 
compound must he prepared in such a 
way that the label is not lost, either be- 


cause of excessive dilution in the pool of 
the same material tliat is already present 
in the orgamsm, or because of interfer- 
ence by biochemical processes not con- 
nected with the one being studied. 
Moreover, the success of the experiment 
often depends on an accurate estimate 
of how thoroughly the labeled com- 
pound mixes with the same material in 
the orgamsm, if the mixing is incom- 
plete, it becomes difficult to ]udge the 
significance of the concentr*ation of la- 
beled material finally found in the cells 
where it is used A further difRcuit\' 
enters with regard to the purit\ of the 
sample, in tracing the intermediate steps 
m metabohsm it is usually no simple 
problem to isolate the molecules cany- 
mg the label in a state that is sufficient- 
ly pure to permit an unambiguous analy- 
sis of the meaning of their labeled con- 
tent 

Precursors and Products 

Let us consider now a classic example 
of tracer research. This study, of the 
t\'pe knowm as “precursor-product” re- 
search, in which it is showm tliat a cer- 
tain compound, B, is derived from a 
precursor compound A, was conducted 
by John C. Sonne, John M. Buchanan 
and Adelaide M. Delluva at the Univer- 
sity of Pennsylvama Medical School. It 
was designed to determme the sources 
of the various carbon atoms found in 
uric acid, a product of the breakdown of 
protein in birds, snakes, lizards and in- 
vertebrates. The structure of uric acid 
IS shown at the bottom of the diagram 
on the opposite page. Each atom is num- 
bered for identification according to its 
position in the molecule. The objective 
of tlie experiment was to learn the re- 
spective origins of the carbons num- 
bered 2, 4, 5, 6 and 8. 

The investigators used pigeons as the 
test anmiah They fed or injected into 
a group of birds several simple carbon 
compounds which might be the original 
sources employed by Qie pigeons to syn- 
thesize uric acid. These compounds were 
labeled with carbon 13 in various ways. 
Thus one of tlie compounds, lactic acid, 
which has the formula H3CCHOHCO- 
OH, had tliree carbons available for 
labeling, the carbon 13 atom could be 
placed in the carboxyl group (GOGH) 
or in the first two positions, the so-called 
alpha and beta carbons. 

After the birds had been fed these 
compounds for a day or two, uric acid 
was recovered from their excretions. It 
was then purified and analyzed for the 
presence of carbon 13 in the various 
fractions of the uric acid molecule, the 
fractions being obtained by a controlled 
chemical breakdo\vn of the compound. 
Each fraction identified tlie position of 
one of the carbon atoms in the uric 
acid molecule; caxhoii in the sixth posi- 
tion, cai-bon-6, for example, was split off 


the molecule in a carbon dioxide frac- 
tion. 

The lesults of the experiments are pic- 
tured 111 the schematic diagrams on the 
opposite page They show the positions 
in the ui‘ic acid molecule at which tracer 
carbon from each of the precursor com- 
pounds finally anfived. In tlie terms of 
Schoenheimer’s regiment analogy, the 
compound fed to a pigeon may be con- 
sidered a group of recruits, each of 
whom is destined to wand up in a specif- 
ic suitable job, depending on liis place 
of origin. The recruits corresponding 
to the atoms in the compound acetate 
(H3CCOOH), let us say, all come from 
Texas: those corresponding to the car- 
bon atom in the carboxyl fraction of ace- 
tate (COOH) are all from the city* of 
Houston. To keep track of tliese men and 
maintain tlie regimental records in pro- 
per shape, the Houston recruits are 
labeled for identification. When soldiers 
finish their tenn of duty in the regi- 
ment, they are mustered out by groups 
(in this case representing molecules of 
uric acid) . It turns out that when the 
departing gi'oups are examined, the 
labeled Houston recruits in them appear 
in one of two jobs: they are all either 
riflemen or bazooka specialists. 

Similarly, w'hen a pigeon is fed car- 
boxyl-labeled acetate, the labeled carbon 
invariably appears in uric acid as carbon- 
2 and carbon-S. When a pigeon is fed 
formate (formic acid), the labeled car- 
bon from that compound also appears in 
mic acid as carbon-2 and carbon-8— not 
all riflemen and bazooka specialists come 
from Houston. On tlie other hand, car- 
boxyl carbon does not always appear in 
the same positions; the carboxyl carbon 
derived from the amino acid glycine, for 
example, becomes carbon-4 in uric acid. 
It IS as if the fate of each recruit de- 
pends not only on the type of city but 
also on the state from wliich he comes. 
Thus the most important basic finding 
developed by this research is that the 
compounds fed to a living organism are 
all used in different ways. 

Measurements of the tracer carbon in 
uiic acid established that carbons-2 and 
-8 could be derived from formate or from 
the carboxyl group of acetate, that car- 
bons-4 and -5 could be contributed by 
the amino acid glycine, that carbon-6 
came mainly from carbon dioxide hut 
was also derived in small amounts from 
other compounds. 

Yet so intricate is the mechanism of 
metabolism that the appearance of a 
tracer isotope in the final product may 
he deceptive. For example, all com- 
pounds labeled with tracer carbon in the 
carboxvd group are subject to breakdown 
in the body, yielding labeled carbon 
dioxide. As a result, when the labeled 
carbon is found in a later product it is 
difficult to tell whether die product's 
carbon is normally derived from the orig- 
inal compound or from caibon dioxide. 
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Often the solution of the pioblem re- 
quiies close attention to the time 1 actor 
in the diffusion of the isotope 

The Red Cells 

An outstanding example of this type 
of research was a series of expeiiments 
recently conducted by David Shemin 
and David Rittenberg at Columbia Uni- 
versity. They were studying the manu- 
factuie of liemin by the human body. 
Hemin is the iron-containing blood pig- 
ment that combines with globm, a pio- 
tein, to foim hemoglobin, the substance 
that transports oxygen in the blood. The 
reseaichers had established that m the 
rat the nitrogen of hemin is derived 
mainly fiom the amino acid glycine 
(NH^CHjCOOH) . To trace the process 
in a human subject, they labeled glycine 
with nitrogen 15 and fed small amounts 
of the compound (a total of one and 
one-half ounces) to the subject lor three 
days. Then at regulai intervals they ob- 
tained from the subject samples of a 
liemin derivative called protoporphyrin 
and examined it for evidence of the 
tracei niliogen. 

Now the lesult one would normally 
have expected, in view ol what was 
known about the dynamics of metabo- 
lism in general, is somewhat as follows: 
The labeled glycine would mix with the 
glycine already present in the circulation 
and within a i datively short time would 
become available for incorporation into 
the new hemin constantly being pro- 
duced in the body. As new red cells were 
formed, labeled hemin would appear m 
the circulating blood. Meanwhile, un- 
labeled hemin would be removed from 
the blood as oldei red cells were de- 
stroyed. Thus the proportion of labeled 
hemin in the blood would increase stead- 
ily as long as labeled glycine was fed. 
Shortly after the subject returned to a 
normal diet containing nnlabeled gly- 
cine, the situation would be reversed. 
Now unlabeled nitrogen w'ould be com- 
ing into the hemin and labeled nitrogen 
would be going out. If the red cells were 
constantly exchanging material with 
their surroundings— a condition charac- 
teristic of practically all metabolic proc- 
esses— the proportion of labeled hemin 
would soon start to drop. The curve re- 
cording the abundance of labeled hemin 
in the blood during the course of the ex- 
periment would follow a certain familiar 
pattern: it should rise sharply at first, 
level off for a brief period, and then de- 
cline. 

The actual result was quite different. 
After the feeding of labeled glycine was 
stopped on the third day, the concentra- 
tion of labeled bemin did not level off 
but continued to increase for nearly 25 
days I Then it became stabilized for a 
long period. Not until the 100th day did 
the concentration begin to drop. ’ ! 

„ , The deduction to be drawn froib fhesd 



lacts was cicai. It appealed that liemm, 
unlike othei active tissue, was compaia- 
tively stable. Instead ol being continu- 
ally broken down and lebuilt, led cells, 
like human beings, evidently have a 
definite aveiage lifetime during which 
they 1 email! intact. Normally they aie 
destioyed oi die only aftei reaching a 
certain age. The obseivations indicated 
that the aveiage human led cell has a 
life span of about 130 days. The new red 
cells that were formed while labeled 
glycine was available letamed the label 
until they died, and the labeled nitiogen 
then released was not used again m the 
manufacture of hemin. 

Obviously this finding has consider- 
able significance to medical science. 
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HEMIN, a constituent of bemoglo- 
bin, was found when lal)clcd lo re- 
main in the blood for relatively long 
period. Predicted curve is at left. 

Tracei nitrogen can be used to study the 
life span and destruction of hemin and 
led cells in various types of human blood 
disorders. Such researches have already 
begun and they have a bright future. 

A Tracer Study 

Recently the wiiter paiticipated in a 
related study that illustrates even more 
vividly the complex trail which some- 
times must be followed m tiacei le- 
search, Moises Grinstein, an Argentine 
biochemist working as a visiting fellow 
in the hematology laboratories headed 
by Carl V. Moore at the Washington 
Univeisity Medical School, consulted the 
wi'iter on the feasibility of using tracei 
techniques to study certain problems in 
blood chemisti-y The problem first pre- 
sented was to identify the precursors of 
a close chemical relative of hemin known 
as Coproporphyrin I, a substance found 
in human excreta. The chemical struc- 
ture of this substance, like that of hemin, 
is based on the so-called **pyrrole” rings, 
which in turn are linked together to form 
the 'porphyrin” ring pictured at the 
right. 

The plan of investigation eventually 
decided upon was to try to build up a 
supply of labeled hemin in a dog, trans- 
fuse the labeled blood into a second dog 


and find out whether the labeled hemin 
yielded labeled Coproporphyim I when 
it was dcgiaded (i.e., broken down) 
The puipose of this lesearch was to de- 
termine whether hemin was a precuisor 
ol Copiopoiphyiin I and hence possibly 
of other blood pigments. The particulai 
part of the molecule to be studied was 
the poiphyiin ring, common to hemin 
and other blood pigments. And the ele- 
ment to be ti’aced was carbon. Shemm 
and Rittenbeig had shown that glycine 
could supply the nitiogen m hemin. 
Could the same compound also supply 
hemin's carbon? Some lesearchers in- 
deed had suggested that the whole 
glycine molecule might enter into the 
synthesis of the poiphyrin img. 

The fiist pioblem then was to obtain 
some carbon-labeled glycine. There weic 
two carbons in the molecule available 
for labeling: one m the carboxyl group 
(COOH), the other in the ''methylami- 
no” gioup (NHoCHo). Since it was as- 
sumed that both caibons of glycine weie 
used in the synthesis of hemm, it ap- 
pealed immaterial which one was lab- 
eled. We decided to use carboxyl-labeled 
glycine because supplies of this material 
were readily available. 

One hunched milligrams (about 3 5 
thousandths of an ounce) of glycine 
labeled with the ladioactivc isotope cai- 
bon 14 in the carboxyl position were 
obtained fiom R. B. Loltfield ol llie 
Massachusetts Institute of Technology. 
The total radioactivity of this material 
was five million times the lower limit of 
detection (LLD) of our assay instiu- 
ment— a special type of Geiger-Mliller 
counter that is particularly responsive to 
the radiations characteristic of carbon 
14. Calculations based on this activity 
and on the assumed uptake of carbon by 
the blood indicated just how much ra- 
dioactivity we should expect in labeled 
blood samples recovered from a normal 
clog, the radioactivity should be 100 
LLD in every milligram of hemm, and, 
assuming that labeled carbon also en- 
tered the globin part of the hemoglobin 
molecule, 10 LLD in eveiy milligram of 
globin. 

The dog was first bled so that it would 
take up a maximum amount of labeled 
glycme as it replenished its blood supply 
during the feeding period. The labeled 
glycine was given by stomach tube in 
three feedings over a period of three 
days. The dog*s blood supply rapidly re- 
turned to normal and the animal ap- 
peared contented. Samples of its blood 
were drawn on the 11th, 14th, 20th, 
37th and 52nd days after the glycine was 
administered. The blood was then sepa- 
rated into hemin and globin fractions. 
Each of these fractions was purified and 
assayed for radioactivity. 

Contrary to expectations, the assays 
showed that no radioactivity whatever 
appeared in the hemin. Thus our as- 
sumption was proved incorrect: the cai*- 



bow 1 carbon ot glycine was not used in 
the synthesis of hemin. We had chosen 
the wrong carbon for labeling, for it de- 
\'eloped later that the other carbon atom 
in glycine, the one in the methvlamino 
group, did enter into hemm. 

The globin fraction, on the other 
hand, exhibited the expected amount of 
radioactivity, indicating that it had used 
some of the carboxyl carbon from gly- 
cine. And here it developed that the 
labeled globin followed the same kind 
of time schedule as the labeled hemin in 
Shemin and Rittenberg’s experiment. 
The curve of abundance of labeled ma- 
terial was exactiv the same, except that 
it began to decline a little sooner, indi- 
cating that the life span of this particu- 
lar dog's red cells was 100 da\s, instead 
of 130 davs as in man. Evidently the 
globin part of the hemoglobin molecule, 
like the hemin part, did not participate 
m the dynamic flux of body metabolites 
but maintained its integrity’ during its 
lifetime. 

The general conclusion from this re- 
search was that the glycine molecule was 
not taken in toto into the porphyrin ring 
of hemin, as had been suggested. Its 
carboxyl carbon was lost to other meta- 
bolic processes, including the manufac- 
ture of globin. The nitrogen and carbon 
from the methylamino part of the glycine 
molecule were used m the synthesis of 
hemm, and it was established that they 
enteied into hemin 's pyrrole rings, as 
shown in the diagram on this page. It 
could be seen that to carry out the orig- 
inal purpose of the research, i c., the 
study of the possible role of hemin as a 
precursor for other blood pigments, a 
fresh start would have to be made with 
glycine labeled with carbon 14 or nitro- 
gen 15 in the methylamino group. Such 
experiments have been performed re- 
cently and indicate that Coprop orphvrin 
I IS not derived from blood hemin but is 
formed in all likelihood from a precursor 
common to both hemin and Copropoi- 
phvrin 

This account, incidentally, illustrates 
not only the mam^ kinds of techniques 
reqiiiied m a single tracer experiment 
but the healthy erasure of boundaries in 
biological science. To cany thiough this 
experiment required at least three spe- 
ciahsts. a hematologist, a biochemist and 
a physical chemist. 

The Versatility of Tracers 

It must not be supposed that precui- 
sor-product researches are the most im- 
portant type of investigation accessible 
to ti'acer techniques. They are only one 
aspect of the central problem in bio- 
chemistry: the elucidation of the mech- 
anisms by which the body regulates and 
integrates its constant breakdown and 
synthesis of materials. In any given bio- 
chemical process, an important role is 
played by linked chains of reacting 
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LABELED NITROGEN was used in experiments to determine the source of 
the element in hemin. At top is the structure of the pyrrole ring, four of 
which enter into the structure of hemin. Labeled nitrogen in glycine was 
built into rings. Source of linking cai’hon (question mark) is unknown. 
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MASS SPECTROMETER at GolumJ^ia University’s radioactiveisotopesofliydrogenornitrogen.Tliespec- 
College of Physicians aiidSu^gecn^s is employed in tracer troipeter itself is in the background. Engineer Irving 
|?^earch tb measure the relative concentration of non- Sucher sits before the controls and recording devices. 




agents which act as intermediates in ac- 
cepting and passing along certain neces- 
sary atomic fragments supplied by ma- 
terial taken into the body. Each step m 
such a process is controlled in general 
by an enzyme. All enzymes appear to be 
proteins. The entire process is self-con- 
tained and self-regeneiating: it proceeds 
in a cyclic fashion. The tracer approach 
is particularly useful in feiTetmg out pos- 
sible intermediates and participating 
molecules that are not obviously in- 
volved or are not obseiwable by conven- 
tional chemical metliods alone. 

This IS not to say that conventional 
chemistry has not developed a great deal 
of information about metabolism. But 
tracer methods permit much more lati- 
tude m such studies and yield more cer- 
tain results. One of the most important 
facts it has established, a fact which 
could never have been determined by 
conventional methods, is the importance 
of carbon dioxide in metabolism. Car- 
bon dioxide, once thought to be simplv a 
waste product, has been found to enter 
into an astonishmg diversity of processes 
in the ammal organism. 

Another pioblem in which tracers are 
helpful is the study of hvmg material 
in an artificial envn'onment. Biochemists 
often are compelled to investigate the 
reactions that take place in cells under 
test-tube conditions outside the living 
organism. In the test tube most such pai'- 
tial systems rapidly tend to a state of 
equihbnum. In the Imng organism, 
however, they me not at equilibrium but 
interact with their smTOundings. Thus a 
test-tube study usually cannot determine 
how such a system fimctions m its nor- 
mal environment. 

As an example consider the problem 
of the formation of protein. Proteins are 
built up in some as yet unknown way 
fi*om simple amino acids. This process, 
as well as the breakdown! of proteins into 
amino acids, is controlled by enzymes. 
In the living cell, the synthesis and deg- 
ladation of protein is balanced. But 
when the protein-metabolizing system is 
extracted from the cell, the regulating 
mechanism is damaged or entnely de- 
stioyed. Now breakdown! begins to pre- 
dominate over syntliesis, because die 
energy relations favor the destruction of 
protein. Under those conditions the syn- 
thesis reactions cannot be followed 
chemically. 

Such a study becomes possible, how- 
ever, wdth the aid of tracers. As soon as 
the cellular extiMCt is isolated from the 
organism, a labeled amino acid such as 
glycine is added to the extract. If any 
synthesis of protein takes place, die 
labeled amino acid will be taken up, 
along with other amino acids made avail- 
able by the breakdown of protein mole- 
cules. If there is any appreciable reversi- 
bility in the system, i.e., recombination 
of the amino acids from broken protein 
to form new protein molecules, the pro- 



SAMPLE IS INSERTED into spectrometer in Y-sIiaped tube {beneath 
technician's hand). Sample is in one side of tube: sodium liypobromite is 
in the other. When the two are mixed, nitrogen is released and analyzed. 



INCREASED CONCENTRATION in lieav}’^ isotope of nitrogen is indicated 
by recording apparatus. Scale of peaks is shifted for convenience. Two peaks 
below show natural concentration. Peaks at top show increase in nitrogen 15 . 




tciii will have an incieasingly gueatei 
labeled content as new molecules aie 
synthesized. At some aibitraiy point, say 
when half of the protein has disap- 
peai*ed, the reaction is stopped and in- 
tact protein is lemoved foi assay of the 
amount of tracer in it. 

This piocedure makes it possible in 
most cases to determine whether a pai- 
ticular system is reversible enough to be 
of any importance in the synthesis ol 
cellular protein. Furthermoie, it permits 
the detection of protein synthesis m sys- 
tems wheie it cannot be discovered by 
any other means. The technique can be 
applied, of couise, to a huge variety of 
biochemical pioblems. 

The great subtlety of the tracer ap- 
proach is well illustrated by still another 
technique. Sometimes the biochemical 
product being studied does not exist in 
the organism in sufEcient quantity to be 
isolated or analyzed In such cases some 
of the product is added to the labeled 
piecursor when the latter is fed to an 
organism. This unlabeled '"earner’’ ma- 
terial adds to the body’s supply of the 
product; it is fed in a quantity sufficient 
to permit analysis of the product, but not 
too great to dilute the label beyond de- 
tection. 

The mixing of labeled with unlabelcd 
material is extremely useful in analytical 
biochemistry. Suppose, foi example, one 
desires to ascertain whether a given 
comppund is present in a cell extract; let 
us say the problem is to determine the 
percentage of glycine present m a mix- 
toe obtained by hydrolysis (breakdown 
by water) of a cell protein. This is a 
formidable pioblem by conventional 
chemical methods, for complete lecoveiy 
of the glycine in a pure state is lequired 
and amino acids are not easy to separate 
from one another. 

The tracer method solves it easily. We 
add to "the extract a carefully measuied 
quantity of labeled glycine. The labeled 
sample mixes with the glycine in the ex- 
tract. Now we can measure the amount 
of glycine originally piesent by measur- 
ing the dilution of the label, which de- 
pends only on the relative amounts of 
the original glycine and the labeled addi- 
tion. Suppose, for example, we add 10 
milligrams of glycine containing 10 
units of labeled carbon to one gram of 
the original protein containing an un- 
known amount of glycine. We now iso- 
late and purify a small sample, say one 
milligram, of the mixture of labeled and 
unlabeled glycine, and measure the con- 
centration of labeled carbon in it. We 
find Aat the concentration is one half 
of one unit. In thes labeled glycine that 
was added th©‘ coii^entration was one 
unit .per mi^igraia. Thus: if is clear that 
the.added glycine doubled the , jimount ' 
originally present, which'means that fh^ 
extract contained 10 milligrams of gly- 
cine^ Here, then^ is a method of analyze, 
any cpmpouud for one of its coiur 
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poneiits without sepauitmg out all ol the 
component in a pure state: we need only 
measure the labeled content of a known 
amount of added mateiial and the la- 
beled content ol a purified sample of the 
combined mixtuie, a simple foimula 
then gives the amount of the component 
being measured. This method is being 
developed with many vaiiations as one 
of the most useful analytical tests in In’o- 
chemistry 

New Frontiers 

Tlicsc examples suggest, but by no 
means completely define, the immense 
Qcw iiontiers opened hy the isotopes m 
biochemistiy. And biochemistiy is only 
one of the fields of application foi tiac- 
ers. Their usefulness is equally impies- 
sive in physiology. The biochemist is 
concerned piimarily with isolated en- 
zyme systems and with what goes on in 
the cell. The physiologist is concerned 
with interactions between enzyme sys- 
tems and with the economy of the cells 
as a whole. Because the cells, in contiast 
to their evci -changing constituents, are 
more or less in equilibrium with their 
environment, traceis arc mdispen.sable 
to the study ol the two-way traffic that 
goes on acioss cell mombrauos. They arc 
an invaluable means for investigating the 
permeability of membuiues, the accu- 
mulation ol metabolites at specific spots 
in the cell, the transpoi tation ol sub- 
stances to vaiious destinations in the 
01 gamsm. 

By the use of tracers it has been 
learned that the liver is primarily re- 
spon:5ible foi the manulaeture of phos- 
pholipid ( a 1 atty phosphorus compound ) 
in blood plasma, and that thyroxine, the 
iodine-containing amino acid that is so 
important in the functioning of the thy- 
roid, can be manufactured by muscle 
and intestine. Tracer studies have also 
yielded considerable information about 
the absorption of iron in mammals. This 
absorption appears to be regulated by 
the amount of reserve iron in the body, 
particularly in the mucous membrane of 
intestine. From tracer investigations it 
has been deduced that iion in food en- 
ters the gastrointestinal system in its 
higher oxidation state, is reduced m the 
jejunum to its lower oxidation state and 
then is absorbed in the intestinal mucosa, 
where it combines with a protein to syn- 
thesize an iron- containing protein called 
ferritin and is stored in that form. Regu- 
lation of the absorption of iron from food 
by the organism depends on an equilibri- 
um between oxidized iron in blood se- 
rum and reduced iron and ferritin in 
the mucosa. 

Another important tracer research has 
confirmed certain speculations on the 
nature of the process of fermentation of 
carbohydrates m cells; it has shown that 
Ae,i major pathway fpr such fermenta- 
tion is a reaction Cycle in whic^ carbo- 


hydialc combines with phosphate to 
lorm ccilain specific iiilcrmedialcs. 

An inquiiy in which tracers have been 
especially helpful is the investigation 
of the biological role of elements that 
living cells use in vanishingly small 
amounts, such as boion, molybdenum, 
manganese, coppei, and so on. The 
functions ol these elements have been 
little tmdci stood, foi biologists have 
lacked reliable techniques for studying 
them. By the use ol lalicled samples 
which make it possible to detect micio- 
scopic amounts of these matcuals, re- 
seaich woikeis have now begun to 
develop consideiable data on their ab- 
soiption, retention and excretion by the 
Ol gamsm. 

Medical Sludici? 

Ill mcdicmc, the application of tlie 
tracer method is still only in its infancy,, 
but much has already been done. The 
ii.se of ladioactive isotopes in treating 
certain blood disoidcis and some can- 
cels is now loutine. Radioactive phos- 
phate has been shown to have definite 
advantages over X-iays m the treatment 
of polycythemia vcia, a disease oJ the 
icd blood cells, and ol some types of 
leukemia, the oaucerliko blood disorder. 
Radio-iodinc is becoming a popular 
proscription for the control of hyporthv- 
roidism. 

In mcxiical research, liaccr sUidic.s' 
have already made .several invaluable 
contrilni lions. InvcstigaLions with tracer 
iron ol the conditions for survival of hu- 
man led cells have improved the method 
of stoiing blood lor tianstusions. Tracers 
have made possible accurate measure- 
ments of the blood volume in the body 
under a variety of conditions, langing 
from the noimal condition to that ol pa- 
tients 111 extreme .shock. They have ]:)er- 
mitted studies of disturbances in iron 
physiology that attend pregnancy. They 
have shed light on the dynamics of in- 
fiammation; tiaccis may even make it 
possible to locale internal sites of inflam- 
mation in the circulatory system with- 
out recoin se to surgery. Labeled sodium 
has been used to diagnose disturbances 
of cii dilation in the small peripheral 
blood vessels, and to test the value of 
various drugs used to dilate or open the 
vessels. 

Valuable as these direct medical har- 
vests are, it seems clear that the most 
profound lesults of tracer lesearch in the 
coming years will be achieved at the 
fundamental level of biochemistry and 
physiology. Even the most cautious ob- 
servers agree that this research promises 
incalculable benefits to mankind. 


Martin Kamen is associate professor 
of chemistry at the Washington 
University School of Medicine. 



MASS SPESffROMETEft BEAMS are simulated ht top to bottom and are bent in magnetic field. Atoms of 
demonstration set up by Westinghouse Electric Corpora- different weight would then strike target at different 
tion. Ionized atoms, represented by electrons, move from places. Example simulated is element with three isotopes. 
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MICROSEISMS 


Tiny waves that do not originate with earthquakes 
have puzzled seismologists. Some have been traced 
to storms, hut this does not tell the whole story 


by L. Don Leel 


S eismographs have been in con- 

tiniKJUS opeiation in various parts 
ol the world for over 50 years. Thus 
we now have a long-teim lecord of the 
earth's shakings and quiverings. At first 
the purpose of these observations was 
the study of waves from earthquakes, 
but the instruments were found to be 
recoidmg waves from many other 
sources as well. Spiders, vagrant air cui- 
rents in recording vaults, distant railroad 
tiains, and depth bombs exploded dur- 
ing the war have made then contribu- 
tions, The most remarkable and puzzling 
of these non-earthquake disturbances 
have been the waves laiown as micro- 
seisms. 

These small tremors, which range in 
period from a fraction of a second lo 10 
seconds, are recorded in all parts of tJie 
world: m the middle of continents, on 
continental shoies, on islands in mid- 
ocean. Present at all times in varying 
degree, the microseisms occasionally in- 
crease to lelatively large amplitudes for 
hours or days at a time; these intervals 
cue called microseismic storms. 

The tiny waves have been an object 
of intense speculation among seismolo- 
gists ever since seismographic recording 
began. One of the chief reasons that, 
they still remain an unsolved myeStery is 
tlie peculiar pattern of wave motion they 
produce. The pattern of waves from an 
earthquake Js systematic. It spreads out 
and changes witli distance, but does so 
in a regular manner. A given group of 
waves can be recognized at neighboring 
stations and at equal distances in differ- 
ent directions; it can even be traced for 
thousands of miles in some^ instances. 
However complicated earthquake waves 
may become at great distances, they can 
always be ti’aceci back to a fixed source 
in some limited - region— practically a 
point in terms of global dimensions. 

Jhis is not tine of microseismic waves. 
They^ produce a unique pattern at each 
station. At a single station they record 
in groups that suggest of wave 

interferehoe, :aiid th^e groups 'ntsually 
cainiot be correlated at stabons pnly a, 
, few miles apart. The natural conclusion 
' from this universal observation is ttat 
microseisms copie from a multiplicity of 
; It sources represent groups of waves 


crissciossing the crust of the eaitli from 
sevei al dii ections. 

This chaiacteiistic, which left seis- 
mologists with no good toe hold on the 
pioblem of wheie the imcroseisms oiig- 
inated, delayed even the collection of 
direct data for over half a century As a 
microseismic storm develops, it oltcn 
produces practically simultaneous in- 
ci eases m wave amplitudes at stations 
spread over half a continent. Attempts 
have been made to locate ibc source by 
plotting on a map contouis along which 
the microseismic waves al various sta- 
tions arc ol equal amplitude. Bui these 
effoils liave never succeeded in pinning 
down the soincc in any definite lashioii. 
The closest they have come is to suggest 
that m most cases the disturliancc origi- 
nates in some huge body of water, such 
as a region of an ocean. 

Attention was eaily directed to the 
fact that in many cases there appeared 
to be some con elation between micro- 
seismic stoims and atmospheiic storms 
The fiist plausible hypothesis was pro- 
posed in 1904 by E. Wiechert of Got- 
tingen, Germany, who suggested that 
microseisms were caused by the beating 
. of surf on rocky coasts. The German seis- 
rriologist F. Linke m 1903 used micio- 
seisms to predict the approach of stoims 
in the vicinity of Apia, Samoa. Support 
for Wiechert 's theoiy was offeied by 
Beno Gutenberg of Gottingen on the 
basis of investigations in Europe. In 1931 
Gutenberg published the results of a 
similar study for North America. His 
summary, which was widely accepted as 
the final word on the subject, asserted. 

“So we find that, just as in Europe, 
surf due to storm against steep, rocky 
coasts IS the cause of the microseisms 
with periods of four to nine seconds. . . . 
Observations show that neither the air 
pressine, nor its change, nor storm can 
be the cause of the miOroseisms. The 
result of calculations is that no possible 
disturbance near the surface of the ocean 
can be propagated through the water to 
the bottoni, but that the energy of the 
, waves transferred by the surf to the coast 
is large enough to cause the movements.” 

The study of microseisms entered a 
new phase with the development of 
: metihdds few determining tire direction in 


which they Uavel The basis of these 
melbods was a liiaugular .system of' le- 
coidmg stations. Back m 1884, John 
Milne, a Biitish physicist who became 
one ol the loundeis ol modern seismolo- 
gy while leaching m Japan, had set up 
seismographs at the corncis of a triangle 
on the campus ot the Tokyo Engineering 
College. He supplied them with a cucuit 
lor simultancons time marks at all three 
stations, and he endeavored to determine 
the direction ol traved of earthcpuikc 
wave.s ciossmg thti network. TTu‘ fiist 
experiments were not satis! aoloiy be- 
cause the stations wenx' too close, but 
|apaiK\S(^ seismologists later got better 
results by enlarging tlu^ triangle, the dis- 
tance bclwei'ii stations langing Irom 
7,500 to 35,750 fool. By sideclmg a wave 
that could be leeoguized at all stations 
of the network, and measuring the time 
of paSvSage of the same phase ol that 
wave at each station, these iiivesLigators 
determined the direction ol appioach for 
waves from a number of cartliquakcs. 

T his method was first applied to the 
study of microscisms in 1927 by F. 
Kishinouye and N. Nasu of the Uiiivci- 
sity of Tokyo. They used three portable 
seismographs spaced horn J,400 Lo 
3,000 loot apail. They wcic able Lo lec- 
ogmze eeitain groups ol microscisms at 
all the stations, but decided tlic phase 
relationships indicated that the waves 
were “a kind of free oscillation” of a 
block of the earth sepaiaLed by fissui’cs 
from its surioundmgs, /.c., that the oscil- 
lations were of the type known as sta- 
tionary waves. These observations were 
admittedly inconclusive, for the seismo- 
graphs used recorded only the north- 
south component of the waves. When 
Kishinouye later analyzed other compo- 
nents, however, he did not change his 
conclusion that the microscisms were 
stationary waves. 

The research was pursued further in 
1936 at Gottingen. There H. D. Krug set 
out two portable stations which, with a 
central station, defined a triangle with 
sides approximately 4,500 feet long. 
Such an array is now called a tripartite 
network, or station. With these, he was 
able to trace some of the microseismic 
wave groups across his network and to 



determine the diiection m which they 
were traveling. This method was aimed 
at the heart of the problem. After detei- 
mming a few beaiings Krug concluded 
that even with the close spacing of his 
stations the recorded patterns differed so 
much at times that they must have been 
the results of interfering waves from dif- 
ferent directions. He calculated that the 
\"elocity of the inicroseisms across his 
network was 3,600 feet per second, but 
he pointed out that it could not be de- 
termined >vhether this “unexpectedly 
low value'" referred to tire transmission 
of energy or to tlie advance of some 
phase of a combined wave 

During the last half of 1938, J. Emilio 
Ramuez of St, Louis Universit)^ collected 
records h’om a tripartite network. The 
corners of the triangle were at St, Louis 
University, at Washington University 
approximately four miles nearly due 
west, and at Maryville College about 
the same distance nearly due south. The 
first of these instruments recorded the 
horizontal motion of the waves in the 
north-south duections, the second re- 
corded horizontal east-west motion, and 
the thud recorded hoiizontal noith-south 
motion. 

Dming the period of Ramirez’s ob- 
servations, the most important atmos- 
pheric storm in the U. S. was tlie New 
England hurricane of September 21, 
1938. At 7:00 a.m. E.S.T. on Septem- 
ber 19, the center of this storm was 
about 6 So miles east-southeast of Miami, 
Fla, Twenty -four houis later it was 300 
miles east of Vero Beach, Fla. On the 
morning of tlie 21st it was about 75 miles 
east of Cape Hatteras, and moving 
nortliward at a rate of nearly 60 miles 
per hour. It passed over the south shore 
of Long Island at about 2:45 p.m. and 
swung up the Connecticut River Valley, 
witli maximum wmds in the dangerous 
semicircle reaching nearly 200 miles per 
hour m Boston, By the following morn- 
ing, it had become an ordinary low-pres- 
sure region north of Ottawa, Canada. 

Ramirez reported microseisms coming 
Rom the center of this vortex beginning 
on the mornmg of the 20th. They ra- 
diated from the stoim’s center as it 
moved up tlie coast until it ended on the 
22nd. The microseisms reached theii* 
greatest amplitude as the storm’s eye 
passed Delaware Bay. The seismograph 
stations at Harvard and Weston, just out- 
side Boston, were put out of operation by 
power failures caused by the hurricane, 
but the seismologist Daniel Linehan at 
Weston had noted the development of 
microseisms wlule the hmTicane was still 
over a thousand miles away. 

Ramirez, who published his findings 
in 1940, reported; ‘'The source of micro- 
seisms is to be found not over the land, 
but rather out over the surface of the 
ocean. The amplitudes of microseisms 
depend only on the intensity and wide- 
spread character of barometric lows 



HURRICANE’S ANATOIVIY is apparent in Air Force radar photograph 
corresponding to a plan view. ‘Eye” of the hurricane is at the left. The 
whole storm is a low-pressure area. This appears to cause some niicroseisms. 
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STORM of micjroaeisms is depicted 
in segdiioAt of seismic record. Froiaa 
r top tob9ttoM[i^recordcoyera24hoit!^s. 


liaveLng oven the oceao - . All t]ic cle- 
tei mined diicclions ol incoming inicio- 
seisms at St. Louis point to a deep baio- 
metiic low ovei the ocean.’' 

Dm mg the war, the U. S Navy estab- 
lished a Huuicanc Microseismic Re- 
search Pi eject to record and study micio- 
seisms in the Gaiibbean, primaiily with 
tiipaititc netwoiks and using only hoiL 
zontal component seismograplis. Aiuiion 
li Gilmoie, who was m charge ol this 
piogiam, rcpoited spectacular successes 
in tiacing hmiicanes dining 1944 and 
1945 He also desciibcd large micio- 
seisms hoin othci souices, such as a cold 
Iront passing ovei tlie ocean, but did not 
publish directions ol approach loi such 
micioseisins. 

I N jiily, 1948, it was announced that 
the Navy had expanded this piogiam 
by the creation ol a Pacific Micioseismic 
Project, with stations at Guam, Okinawa 
and Subic Bay, neai Manila. Gilmoie 
and his associate, William Plubert, re- 
ported that “it is now possible to locale 
accurately the position oi a typhoon by 
the SEISMO method when it is moic 
than 1,000 miles Irom the Tnpaitite Mi- 
ci oseismic S lation." 

Knowledge ol the developineuL, tiack 
and intensity ol typhoons, of which there 
have been an avciage ol 20 each year 
since 1920 in the western Pacific, is of 
obvious importance to shipping, ahciult 
and residents ol that pait of the world. 
It appears that microseisms are already 
veiy effective in this service, and likely 
to become more so as experience and re- 
seaich advance our knowledge ol the 
subject. The typhoon of June 17, 1947, 
was the fiist storm completely tracked 
with bearings fiom the Navy's Tripartite 
Microseismic Station at Guam. Two oth- 
eis weie tracked in August, two in Sep- 
tember, and four in Octobei of that year. 
Microseismic storms have also been 
traced to other air disturbances; in two 
instances they weie attiibuted to winds 
of moderate gale force ( about 30 knots ) , 
in another instance to the low-piessure 
centei of an extratiopical storm, and in 
several cases to cold fronts. 

These impoitant successes in the lo- 
cation of hurricanes and typhoons have 
not only bi ought micioseisms to public 
attention but have also led to an accele- 
ration of effoit on the part of seismolo- 
gists to gather the types of data neces- 
sary to leach a decision as to the mecha- 
nism which causes them. In our present 
state of confusion, speculations on the 
cause or causes are primarily academic 
exercises, or at best working hypotheses. 
One of the few points on which seis- 
mologists are in unanimous agreement is 
that we still do not know the cause. 

It is clear by now that the statements 
to the effect that microseismS radiate 
only from tibe center of a low-pressure 
rie^on were, premature and oversimpli- 
fied. Indeed it has not yet be§n denion- 


slrated conclusively and without ainhi- 
giiily that they evei ladiatc Irom the 
actual ceiitci ol such a low-piessuic 
area Gilmore, who has collected the 
greatest volume ol tripartite data, de- 
cided that “the tendency ol some wiiteis 
to ‘jump to conclusions’ based on too lew 
data IS believed to have caused much ol 
the iccciit confusion and doubt sur- 
loundmg the tine nutiiie and causes of 
miCToseisms ” He piovcd the accuracy ol 
his own analysis by concluding in 1946 
that “dominant micioseismic waves ol 
two- to seven-seconds peiiod ougmale in 
some mannei iieai the center ol almos- 
pheiie distill bailees,” and m 1948 llial 
“pieseiit microseismic data show tlial 
micioseisms do not always come Irom 
the centci ol limncanes, lypliooiis, or 
cxlialiopical lows ” 

The liipaitite method ol delermmmg 
the diiection of tiavel of microseisms is 
not mialhble. It has been supposed that 
the diiection oi piopugation ol the wave 
can be calculated by this method regaid- 
less ol whether it is a true wave of a 
known type or the product of some vciy 
complicated comhmalion ol waves. But 
ibis view overlooks the laws ol combin- 
ing simple harmonic motions. II two 
simple harinonie waves ol the same pe- 
riod bill different phase pass an ohserv- 
iiig point, they comhme to loun a simple 
harmonic wave of pure form which 
shows no evidence of the combination. 
And the times of maximum and mini- 
mum of the combined wave arc diffeieut 
from those of eilhei ol the components. 
Ti the components aic crossing a tri- 
partite network at diffeicnt angles, their 
phase differences will shill progressively 
and they will pioduce a synthetic “wave” 
which will lie clocked at each of the 
three stations of the network but will 
have no physical leality. If two waves of 
cliff eient periods combine, the resultant 
wave form will show the presence of the 
components, but again the lime at which 
the resultant icaches its crests will not 
be the time at which cither of the com- 
ponents does. 

It is theiefoie desirable to analyze 
microseismic waves and attempt to iden- 
tify a pure wave which may be used as a 
guide to direction. At least two of the 
six known types of earth waves have 
been isolated in micioseisms. They are 
the so-called Rayleigh waves and Love 
waves. The mechaiusm by which a Ray- 
leigh wave tiavels makes it possible to 
determine the direction in which it is 
advancing. A particle in the path of this 
wave moves m an elliptical orbit in a 
plane oriented in the direction of the 
wave's advance. It moves forward and 
upwaid, then backward and downward. 
Thus if the motion of the earth in the 
path of such a wave is recorded in three 
directions perpendicular to one another, 
the direction of the wave can be deter- 
mined. The writei first proposed this 
method of investigating microseisms in 



1929, and finally made the experiment 
in 1945. 

O N' Xovember 14, 1945, a c\clomc 
storm developed around a low- 
pi essure area at Cape Hatteias. The cen- 
ter of the low moved northeastward to 
the Gulf of St. LawTence by the after- 
noon of the following dav, and from 
there to regions where it was bevond 
the range of the U. S. Weather Map In 
the early hours of the l5th, microseisms 
began to develop a storm pattern at the 
Haivard Seismograph Station, with the 
Rayleigh waves causing motion m the 
sense: north, up; south, do\Mi. Thus they 
weie coming from the soutli. As the 
stoim adwinced, microseisms reached 
the Har\'ard station from the southeast, 
then from the east. At the same time 
they continued to come from all pie- 
viously lepresented directions. The\ 
ne\’er came from the northeast. After the 
atmosphenc storm had moved oflF the 
weather map, microseisms were still 
coming to the Harvard station from 
south, southeast and east, as well as 
from mtei mediate directions which 
could not be lesolved as clearly. By this 
time the only part of the storm system 
tJiat remained m those directions from 
the seismograph station was a pro- 
nounced cold fiont at which there was a 
sharply defined change of air piessm'e. 
Presumably the microseisms came from 
the cold fiont. 

In its present development the Ray- 
leigh wave method does not possess the 
desired accuracy in determining the 
direction of microseisms" travel. It is 
reasonable to expect that an ultimate 
solution will be found in a combination 
of the Rayleigh and the tripartite meth- 
ods. With three components recording 
at each corner of a tidpartite network, it 
may be that the character of the record 
and wave types can be analyzed in such 
a way as to spot the occasional isolated 
raicroseism that passes without interfer- 
ence fi'om other directions. When this 
lias been done, the direction of its travel 
can be fixed precisely by the relative 
times of its passage at the three corners 
of the network. 

The backlog of unsolved problems has 
not prevented development of practical 
applications of microseisms. They carry 
their messages thousands of miles at 
rates of from one and a half to two miles 
per second, night and day, in fair 
weather and foul. Some of the messages 
are already being interpreted as warn- 
ings of hurricanes and typhoons. Others 
will serv’^e new uses when we crack the 
code. But there is a lot of midnight oil 
yet to be burned before we can \^aite 
the full story. 


L. Don Leet is pro- 
fessor of geology at 
Harvard University. 



MEXICAN EARTHQUAKE of April 15, 1941. produced similar wave pat- 
terns at four different stations. The patterns of niicro&eisBis, in contrast, differ 
from one location to another. Microseisms also come from many directions. 



RECORD OF MICROSEISMS made at Harvard University station shows 
variable relationship among three traces. Two heavy curves at left were 
written when low-pressure area was near station. Pattern shifted quickly. 


4B 




The thermal eBvironment of organisms 
is a tiny segment of the thermometer. 
Some forms, however, have penetrated 
forbidding regions of heat and cold 

by Lorus J. and Margery J. Milne 



HOT SPRING in the Ui)per Geyser Basi^ of Yellowstone National Park has 
a of 190 degrees F. At lelt its tetnpecature is measnred. Spring 

liVtitig bacteria, and the iraVertine iock abont it is colored by algae. 



O NE of lIic facts learned early by 
cvciy child is that hot things hurt 
the skill. At the other exUcme, 
‘klry ice"’ (solid carbon dioxide) can 
cause bill alike damage to lingers that 
hold it firmly for only a few seconds. The 
range of tolerance of human skin is nar- 
row. A human hand, normally main- 
tained at slightly below 98 degrees 
FahienhciL by the circulation ol the 
blood, which is healed among the mus- 
cles and thermostated m the biain, can- 
not stand immcision in water at a 
tempciatuic ol 140 degiees F. for moie 
than a few seconds. Drinking hot liquids 
oflois a close paiallcl. Many lliroals icbel 
with hiccup spasms if subjected to bev- 
erages above 136 degiees. 

Indeed, life ilsell is huddled into a 
short segment of the thermcnnelci, not 
lai above the absolute zero ol lempera- 
tuic. Most animals and plants aie killed 
by continued contact with water at 106 
degiees. Mans lilc ebbs away quickly if 
his blood heal i caches this latal point. 
There are many "‘lessci” cicatiiros, how- 
ever, that ihiive under such adverse con- 
ditions. They are widespread in tlie boil- 
ing spiings and geysex basins oi Yollow- 
sltnie National Paik, and iu other llicr- 
mal waters scalUucd over llus continent. 
These hot liquids hold tremendons lu- 
teiest, not only because ol ibeir volcanic 
rclalionslu'ps and spcctacuhir pcrlor- 
mance, iheir vaiicly o^ cliemical com- 
posiUon.s and temperatures, but also be- 
cause they have liecu invaded success- 
lully by a curious assoituicnt of animals 
and plants. 

Their temperatures, to bo sure, are 
limited to the relatively low maximum 
attainable by water, which normally can- 
not exceed 212 degrees F., and boils far 
below that tempeiaturc at the high alti- 
tudes where many of the hot pools are 
found. Nevertheless there is still lOom 
foi man to maivel at animals and plants 
that can Loleiate temperatures so far 
above the normal range, 

Recently we visited western Wyoming 
to make a survey ol life in the thermal 
waters of yellowstonc Park. Aimed with 
a thermometer, a permit from the supci- 
intendent, a pair of long forceps and 
other collecting gear, wo stepped gin- 
gerly to the edge of pool after pool, and 
followed the small streams, hotter than 
bath water, which luii oil fiom the 
springs and geysers and cool in the open 
air. While many of the steaming pools 
gave no obvious sign of being inhabited, 
the pastel colors of the bottom mud told 
us that microscopic plants must be living 
there in great numbers. Too torrid for 
animal life, these hot springs often were 
spotted with floating dead insects that 
had been interrupted in their flight by 
the rising steam and had fallen in to 
drown. The hot water quickly stopped 
their struggling. Occasionally a tourisfs 
dog meets the same fate when the owner 
' igi;iores the Park Service rule and slips 


its leash. The excited canine jumps to an 
almost instantaneous death— violently 
emphasizing the point that the presence 
ot a tew special kinds of plants is no indi- 
cation that other forms of life can survive 
the heat. 

Some gi-een plants grow in hot springs 
at 145 degi’ees F., and forms devoid of 
true chlorophyll exist at 162 degrees. 
Some in alkaline, silica- charged waters 
have been leported tolerating 194 de- 
grees indefinitely. At the altitude of 
Yellowstone Park, this is approximately 
the boiling temperature of water 

At 150 degrees and just below, most 
pools contained a pale grav-green bot- 
tom cover of algae. Gas bubbles col- 
lected below this mat of mateiial. In 
many places the algae had grown up- 
ward in long fingers, suggesting the 
‘mineral gardens'" that some people pie- 
pare as table decorations. We could not 
be sure whethei the gas was of volcanic 
origin or was oxygen liberated by the 
gi'een cells m the sunlight as a by- 
product of then photosynthesis. Re- 
search reports suggest that much ot the 
gas is oxygen 

I N water at 120 degiees we found 
bright red “bloodworms” in the gray 
mud below the algal mat. These are tlie 
young of certain midges that resemble 
mosquitoes or miniatine crane flies. They 
aie red because they have true hemo- 
globin in their blood. The bloodworms 
cU*e among the few msect lar\Me knowai 
which can thrive where oxygen is prac- 
tically absent. Through tricks of chemis- 
tiy they manage to bridge long periods 
of adverse conditions that would suffo- 
cate almost any other animal. Here they 
were in tlie hot w^ater, occupying an- 
other niche where few forms can live. 
The adult insects lack the red color. They 
land on the water surface, and no doubt 
drop their eggs from this precarious posi- 
tion. 

We found other bloodworms that had 
lost both their hemoglobin and their 
lives. They were stiff and brittle*-coagu- 
lated like the white of an egg. We probed 
the bottom where diey lay, using our 
thermometer to disturb the algal mat. In 
that spot the stream was fully 10 degrees 
hotter than elsewhere, due to the inflow 
of liquid from another hot spring; the 
rise of temperature must have caused 
their death. 

Where the runoff streams had cooled 
to 115 degrees F-, and in pools with this 
surface temperature, we located more 
live bloodworms and an occasional gray, 
leathery, telescoping larva that we recog- 
nized as a juvenile soldier fly. At slightly 
lower temperatures were a few large 
brown mites— relatives of ticks and 
spiders— about an eighth of an inch in 
length. For mites, they were huge. 

When we came to waters around 110 
degrees, the water surface and adj'acent 
soil were spotted with active little flies. 


Then young scavenged the hot streams 
and shallow edges of the pools. We tried 
to catch some of the alert adults by 
sweeping a net over their resting place. 
Ordinarily insects take fright and fly up 
into the approaching cotton bag. But 
these flies clung to them places or waited 
until the net was past, and then flew 
awa\ We watched them for a while and 
discovered an enemv catching fai more 
of them than we could. A tiger beetle, 
with an mconspicuous brownish back 
and a bright led abdominal undersur- 
face, rushed at the little flies with scimi- 
tar jaws spread wide and often caught 
them before they^ jumped away. The 
beetles flew before our footsteps Ap- 
parently their chief food along the hot- 
spring runoff sti'eams is this little fly— a 
“brine fly"' of tlie genus Ephijdra. 

The brine fly is one of the most adapt- 
able of animals. We had met it before in 
tidal pools among the rocks of the 
Maine coast, and it has been reported as 
thnvmg in the vats at saltworks where 
the water is saturated with sodium chlo- 
ride. A relative of the brine fly lives m 
petroleum pools, and feeds on other in- 
sects that fall into the poisonous oil and 
die there. 

Slightly cooler water, though still 
above human blood temperatures, con- 
tained many more kinds of living thmgs. 
mosquito WTigglers, diving beetles, cad- 
dis worms, water snails of the left-hand- 
ed genus Flujsa. Shrimplike Gammariis 
were there, scudding along tlie bottom 
\\4th pale flat bodies that reminded us 
of relatives of theirs found in cool ponds 
in New Mexican lava beds, in New Eng- 
land streams, and along the shallow 
shores of the Great Lakes. “Water boat- 
men " of small size swam jerkily or rested 
on the green bottom of the spring in such 
numbers that they suggested an aerial 
view of New York’s Central Park on a 
Sunday afternoon with crowds sitting on 
the grass. 

A S we looked into water of lower and 
. lower temperatures, all of the nor- 
mal aquatic animals appeared. Fish were 
among the last, and tlie only place we 
found them in association with hot 
springs was in a cool pond that had a 
source of thermal water at one side. The 
fish were along the opposite shore. Ap- 
parently they cannot stand the higher 
temperatures. 

Almost all of the plants in thermal 
waters are bacteria or seaweedlike algae. 
Some of the former gain their living 
through a ver}^ complex chemistry, in- 
volving sulphur or iron compounds such 
as stain some hot springs and create 
bright crusts around the margins. These 
and a few of the algae precipitate the 
Hme from hot water and make of it a 
kind of porous rock called travertine; 
they often build great terraces in this 
way. Others have a similar effect on sili- 
ca-charged waters and produce a glassy 


sinter. These chemical reactions are sub- 
stitutes for, or piedecessors of, the 
process of photosynthesis by which most 
plants live. Most of the blue-gieen algae 
in hot waters and green algae m slightly 
cooler ones seem to require sunlight, as 
do green plants at normal tempeiatures. 
With very few exceptions, the livmg 
things, both plant and animal, that sur- 
vive in hot water differ little from those 
found at ordinary heat le\’els. They exist 
there not because of the high tempera- 
tm*e but m spite of it. And most of them 
belong to groups of creatures that else- 
where show much adaptability to 
strange modes of hfe. 

M any tenestrial animals and plants 
that never go near a hot spring hve 
m climates that occasionally produce 
temperatures high enough to cause 
burns In order to survive, these non- 
aquatic forms must be able to find refuge 
from the heat by burrowing in the 
ground, or must cool themselves by 
e\’aporation. Most plants and mauv ani- 
mals employ the latter technique. Every 
unit of water evaporated from the li\4ng 
tissue removes enough heat to cool a 
hundred units of water m the tissue by 
10 degrees F. But where water is scarce, 
this method of refrigeration is not safe; 
the organism must find some otlier means 
of self-preservation. 

Plants may drop then leaves, even die 
down to the ground, and conserve life 
in theii' roots in the cooler depths where 
the summer sun cannot reach. This in a 
sense is buirowing too. Or, like the cacti, 
they may abandon ordinary leaves, 
from which water evaporates, and store 
water in fleshy stems covered with a 
waterproof skin- their leaves are con- 
verted into spines which keep thirsty 
animals away. The excess temperature 
gamed by the cacti during a sumiy day 
is radiated off again at night to keep tlie 
plant wuthin its range of tolerance. In 
some plants watery solutions, circulating 
between sunlit and shaded regions of the 
plant, distribute the calories so that no 
part becomes too hot. When this process 
fails in a dying tree, insect invaders be- 
neath tlie bark may be cooked by sun- 
light they never see. In such a case the 
temperature under the sun-baked bark 
may reach levels comparable to that of 
desert sands, even when the trunk stands 
in an open glade of a northern forest. 
The insulating layer holds in the heat 
gained from the sun, and up goes the 
temperature. 

Animals that live in deserts run a 
constant risk of deatli by heat. On this 
perilous borderland lives the horned 
toad, a ubiquitous inhabitant of the great 
arid areas of western North America. It 
survives in deserts where the summer 
sun bakes the surface sand to terrific 
temperatures and the air itself reaches 
well over 100 degrees even in the shade. 
Homed toads like heat. They operate 
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A FEW STRANGE CREATURES ili ill exisl at extremes 
of teinperaliire are shown in those six drawings. GryJlo- 
hlatta (1 ) is an insect that lives in cold soil near glaciers. 


The isopod crustacean Exosphaoroma thermo phiLinn 
(2} lives in hot springs. The laiva of the soldier fly (3) 
is found in relatively cool warm springs. The amphipod 


most efficiently around 102 degiees; unci 
at 80 degrees, when man be guts to mop 
his sweaty brow, these lizards aie too 
cool to function properly. But their opti- 
mum temperature is very close to their 
limit of tolerance. A temperature of 106 
or 107 degrees is fatal to them. In the 
heat of the day they escape by burrow- 
ing underground. When the sun diops 
lower in the afternoon sky and the sands 
radiate some of their excessive heat, out 
pop the horned toads again. They scamp- 
er about catching insects. The toad even 
prolongs its active day by deliberately 
tilting its body so that tlie flattened back 
will be at right angles to the sinking sun 
and collect as much of the radiant heat 
as possible. When night falls, reptiles 
such as the horned toad become much 
less active. 

Birds and mammals are a good deal 
more adaptable. They possess a thermo- 
static control in the brain which re- 
sponds to any cooling of the blood by 
making various internal muscles con- 
tract a httle. The contraction uses stored 
food and oxygen and liberates the en- 
ergy^ as heat. The heat makes good the 
losses from the animars blood to its sur- 
roundings, so that its temperature stays 
at an even level. Birds may also fluff 
out their feathers, and mammals may 
elevate their fur a little, to ti’ap air next 
to the skin for insulation. 

Warm-blooded animals also have in- 
genious mechanisms for adjusting them- 
selves to the heat when the surrounding 
air approaches or even passes the tem- 
perature of their blood. Birds are equip- 
ped with long tubes which extend feom 
their lungs into the viscera and dven 



the chief sites of heat production. When 
a bird inhales, the tubes are filled witli 
air, when it exhales, the tubes collapse. 
The expelled gas caines away the heat 
the bird must dispose of to keep its body 
at its normal temperature of 101 degrees 
With the gas goes some water vapor- 
evidence of evapoiation which has 
helped in the cooling. 

Mammals depend more on evapora- 
tive cooling, and many have developed 
abundant sweat glands in the skin from 
which to ooze water taken from the 
bloodsti*eam. They may put out a drip- 
ping tongue and pant as a dog does, or 
perspire in other areas according to 
their kind. A cat has sweat glands only 
on its feet. A horse has them well de- 
veloped over most of its body. A camel 
withstands the desert temperatures by 
radiating through an unusually thin skin. 
Its stoie of fat is concentrated in its 
hump (two humps in the dromedary) 
instead of being distiibuted over its body 
as insulation. 

That the ability to perspire is not 
developed sufiiciently in many mam- 
mals to ensure their survival is shown 
by exposing test animals to high tem- 
peratures, such as the 120 degrees to 
which the air in Death Valley rises daily 
in summer. Man can survive such heat, 
but a rat dies in 32 minutes. Guinea pigs 
last an bom-. 

M ost of th© investigation of these 
problems was th© result of certain 
experiences of troops during the recent 
war. Maneuvering in tropical marsh- 
lands, men began to fall out from what 
; seemec^ to be heat shock, although die 
lair, temperatures were not excessive. It 
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was discovered that their piostiaLion was 
due to wading in the shallow hot watei 
of the swamps. Laboratory tests weic^ 
then iindei taken to seek a possible icm- 
edy. 

It was found that if the body ot a rat 
IS kept at a comfortable tempcratuic ol 
68 to 70 degrees and its feet arc im- 
mersed up to the knee joint m water at 
113 degrees, the animal dies m less than 
thiee houis. Guinea pigs are not killed 
unless immersed to the joints between 
legs and body— the equivalent ol a man’s 
hips. The symptoms are those ol heat 
shock, but they are not produced by a 
geneial rise in liody temperature. Nor is 
sucli water biiiiiing hot, at least by hu- 
man standards, for the tempciaturc ol 
an ordinary “hot” tub bath is 107 de- 
grees and people often bathe in ewen 
hotter water without fatal results. 

Apparently living tissue, when dam- 
aged by mangling, by lack of oxygen, or 
by higher than normal lempeiatures, 
produces a toxic material that can sicken 
or kill the whole animal. The toxic sub- 
stance-unidentified as yet— produces the 
shock symptoms. While research in this 
field is still inconclusive, the chief source 
of the poisonous substance is suspected 
to be muscle tissue. No means has been 
found yet to avoid the consequences ol 
such high temperatures. The effects heie 
described are known to be quite diffei- 
ent from the familiar loss of blood salt 
through excessive perspiration, which 
can be remedied simply by taking salt 
tablets in copious amounts of water to 
cancel the deficit. 

Molds and bacteria are a great deal 
more resistant to heat than higher fonns. 
Often they cannot be killed even by 




crustaceaii Gammariis limnaeus (4) dwells in a wide in pools which are both warm and extremely salty. The 
variety of thermal environments, from warm springs to pond snail Lymnaea palustris (6) has heen found in 
cold arctic ponds. The hrine fly Ephydra (5) can live warm si>rings that possess a high content of sulphur. 


boiling water except under pressure. In 
a pressure cooker or sterilizing autoclave, 
when the pressme is raised to double 
that of the noimal atmosphere {ie , 30 
pounds instead of 15 pounds per square 
inch) and steam is allowed to drive all 
air fiom the container, the tempeiature 
rises to 250 degrees. Under these condi- 
tions bacteria and other harmful organ- 
isms succumb in less than 15 minutes. It 
is not the 250 degrees temperature alone 
that kills them, bacteria can survive al- 
most an hour at 320 degrees if the air 
around them is dry. But in live steam at 
250 degrees they are destroyed because 
they cannot release their watei . 

Most mammals must hold their body 
temperatures within very narrow limits 
to remain healthy. In a human being a 
fever of 102 degrees involves a speeding 
up of chemical activities in the body by 
almost 25 per cent, and a drop to a 
“subnormal” 96 degrees means a 20 per 
cent decrease in the rates of vital proc- 
esses. Yet a bear or a bat in hibernation 
lives at a temperature only a few de- 
grees above the level of its cave oi den, 
perhaps 40 degrees F.^ Living on stored 
hits and oils, these toiqiid animals can 
slow then metabolism to 10 per cent of 
the normal rate. Most cold-blooded crea- 
tures react in the same way, they can 
even relapse into a hibernating sleep for 
a single chilly night. 

At hibernating temperatures, neither 
mammals nor reptiles are capable of ac- 
tivity. Still, ]ust as there are a few ani- 
mals that can live noimally in hot 
springs, so there is also a scattering of 
creatures tliat manage to live active lives 
at the temperature of melting ice, 32 
degrees F. The snow flea,, a tiny black 


pest of the maple-sugar country, lives 
largely on the snow. By night the msects 
freeze, by day they frisk about. The 
special mechanism that enables them to 
be active at such temperatm*es is not yet 
undei stood. On the banks of streams and 
rivers m early spring is found another 
small, hardy insect, tlie wingless black 
stone fly, which mates, lays eggs and 
dies on the ice. Members of other groups 
aie active too; one of them is the rare 
Wingless scorpion fly, Borcus^ named ap- 
propi lately after Boreas, the Greek god 
of the north wind. 

At this season each year some people 
are sm-prised to see large areas of snow 
fields turn suddenly pink or even red. 
They acquire tlierr color from myriads 
of micioscopic plants that can be active 
and multiply in spite of tlie low tempera- 
ture. “Red snow” is due to a bright mask- 
ing pigment that these simple algae 
contain in addition to green chlorophyll. 

O N snow fields and glaciers down the 
ciest of America from Alaska to 
Mount Rainier in the state of Washing- 
ton hve diminutive, soft-bodied relatives 
of the earthworm— the “glacier worms.” 
In a 2,000-year-old lava field in tlie New 
hlexican desert west of Albuquerque 
there are algae that live at the freezing 
point of water. Some parts of the field 
have shallow caves, five to 30 feet deep, 
in which water collects from the melting 
of winter snow. A few of these caves re- 
tain winter’s cold throughout the sum- 
mer, their floors are smooth, clear ice. In 
one cave, which has a rough window m 
the lava roof through which the noonday 
sun sends a narrow shaft of light, the 
sun^s rays daily melt a basinlike pool in 


the ice. The water is pale green, with 
thousands of single-celled plants that 
make use of the sunlight and the cold 
water. They form green rings in the ice 
that show how the path of the sunlit 
patch changes as the earth swings in its 
orbit around tlie sun. 

Most famous of all dwellers in this 
lealin of low temperatures aie a univer- 
sally knowm plant and an insect weU 
knowm to scientists The plant is edel- 
weiss— an Alpine flow^er withstanding tlie 
nightly frosts at high altitudes. The in- 
sect IS GrtjUohlatta, found among the 
glacial debris near Lake Louise in tlie 
Canadian Rockies, Grylloblatta looks 
like a cross between a cricket and a cock- 
roach. In its architecture are features 
that have remained unchanged since the 
dim geological time w^hen insect kinds 
w^ere fewer and far different. Early in its 
ancestry, this strange creature became 
adapted to living under stones wheie tlie 
temperatures stay close to the freezing 
point. It remained on ice, botli literally 
and figuratively— a living fossil from 
which has been learned a multitude of 
details that help us to understand the 
biology of early insects, Grylloblatta has 
canied its ability to withstand low tem- 
peratures to an extreme met in few ani- 
mals. It can no longer tolerate heat in 
the normal range of insect activity. 
Placed on a human palm, it 'Uums” to 
death within a few minutes. 


Lotus /, and Margery J, Milne, tvhose 
articles have appeared previously in 
this magazine, are respectively asso- 
ciate and assistant professor of zoology 
at the University of New Hampshire. 
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Three Mysteries 
of Easter Island 


In which the symbols of the enigmatic 
Polynesian culture are investigated by 
the methods of the modern psychologist 


by Werner Wolff 


O N the morning of Easier Sunday in 
1722, the Dutch explorer Jacob 
Roggeveen landed on an un- 
charted, thickly populated island in the 
Pacific 2,000 miles due west of the Chil- 
ean coast and 1,100 miles southeast of 
Pitcairn, the nearest inhabited island. 
Roggeveen called his discoveiy Easter 
Island. He found a lava-covered strip 
of land IS miles long and seven miles 
across at its widest point, practically 
destitute of vegetation, hemmed in by 
extinct volcanoes and piecipitous cliffs 
1,000 feet high, and coveied with a 
weird profusion of ancient human relics 
which ever since have remained one of 
the principal puzzles of anthropology. 

The most spectacular of Easter Island’s 
mysteries is the multitude of gigantic 
stone statues, 30 feet tall and weighing 
60 tons or more, which he scattered over 
the island like seeds tossed at random 
from some giant’s hand. The meaning of 
these statues with long ears and shape- 
less bodies is itself an enigma. Even moie 
baffiing is the question of how die mas- 
sive objects were moved from the vol- 
cano crater, where they appeal to have 
been manufactured, to the various sites, 
some of them atop high cliffs, where they 
were found. 

Decade after decade even more in- 
triguing material has been uncovered on 
Easter Island— by W. J. Thomson leading 
an American expedition in 1886, by Mrs. 
Scoresby Routledge of a British expedi- 
tion in 1914-16, and by A. Metraux and 
H. Lavachery of a French expedition in 
1934. They found wooden tablets with 
hieroglyphics that have never been satis- 
factorily deciphered, carvings in rock of 
creatures half bird and half man, yvooden 
idols 20 to 30 inches high. 

The three basip questions posed by 
diese strange relics at^: What was dre 
.. of and 


culture? What is the meaning of their 
hieroglyphics and symbols? What is the 
answer to die enigma of the statues? 

To these questions I have attempted 
to apply a new approach— a psychologi- 
cal culture- analysis suggested by the 
methods used in the psychological in- 
vestigation ol individuals. The essence 
of this appioach is a search for the na- 
tives’ associations with each symbol, and 
an attempt to find in these associations 
common denominators that may reveal 
the Easter Islanders’ view of life and the 
world. For instance, the form and size 
of the Easter Island statues cannot be 
considered accidental. The statues must 
be interpreted as symbols in a larger con- 
text; they are like images in a dream 
which must be analyzed in relation to 
other associations. 

In attacking the problem of decipher- 
ing the Easter Islanders’ symbols we are 
assisted by a net of lelationships among 
the natives’ chants, ceremonies and in- 
scriptions, and the similarity of their 
language to others. We have much com- 
parative data from other Polynesian is- 
lands, with which Easter Island appar- 
ently had a cultural connection, and, as 
we shall see, there are similarities to 
more distant cultures. 

The wooden script tablets on Easter 
Island are called kohati rongo-rongo, 
generally translated as ‘'singing wood.” 
They w<^re supposedly brought to the 
island by a king named Hoatumatua, 
probably around 800 A.D, The natives 
tell of an ancient yearly ceremony per- 
formed by singers called rongo-rongo 
men. Wearing feather headdresses, they 
sat in rows facing the king and chanted 
the text of the tablets, 

In this ceremony we find a common 
denominator in the feather headdresses 
of jthe singers ^d the added fact that 
; ,^a^ singer received froni the Jdng a 



FAMOUS MYSTERY of Easter Is- 
land is the great stone heads scat- 
tered on the slope of the volcano 



Rano Raraku. Many of the heads are unfinished; some although the author offers a theory. An island legend 
lie in the places where they were quarried. How they relates that a group known as the Short-Ears made the 
were transported to their various locations is not clear, heads to commemorate a group they had massacred. 











ROCK CARVINGS of Easter Island were one source of been deciphered, they could he compared with other 
the symbols interpreted hy psychologist Wollf. When symbols. This process illuminated some of the motives 
the meaning of the island’s hieroglyphics (below) had that impelled curious cultural behavior of tlic islanders. 



HIEROGLYPHICS of Easter Islarid Iraye some similar^ ately distorted its meaning. The interpreter, however, 
Ues to the Egypti^. First attem^^ to translate a tablet Composed a dictionary that was perfectly clear. This was 
bearing them failed because a nativ^iii^rpreter dejibdr-' isucccssfully used by the author to decipher the tablets. 



chicken. The symbol of a bud is further 
expressed in an annual spring egg hunt 
aiound one of Easter Islands volcanoes, 
in which the singers took part. The 
finder of the new egg received the pre- 
ceding year’s egg, which had been 
buried inside a gourd in a cranny of the 
volcano The hunter, called a bird-child, 
had hieroglyphics painted on his back 
similar to those on the backs of the 
statues and on the wooden tablets. A 
native interpreter has explained this 
glyph as a sign for the sun. The hunter 
also was requhed to shave his head and 
paint it red— another symbol for the re- 
newal of the spring sun. All these indi- 
cations have led us to interpret the cere- 
mony and the chants as a ritual of re- 
birth. 

This interpretation is supported by 
the fact that the reading ceremony was 
held near the ahu or burial place. The 
name of the tablets, koliaii longo-wngo. 
Itself suggests a relationship to death, 
for koliau, wood, also means the shaft of 
a lance, and a similar word, kohu, means 
shadow or obscurity. Thus the tablets 
seem to be related to rebuth in the same 
sense as was the Egyptian Book of the 
Dead. 

T he fiist attempt to decipher the 
Eastei Island tablets was made by 
Tepano Janssen, Archbishop of Tahiti, 
who began the task m 1868. He was as- 
sisted by a native interpreter named 
Metoio Tourara. Metoio informed him 
that the reading of a tablet started at the 
bottom from the left, followed tlie next 
line fi'om light to left, and proceeded in 
that serpentine fashion up the tablet. 
This system, known in several ancient 
civilizations, is called hoiistrophedon 
(meaning as one leads the oxen when 
plowing) . It permits the reader to follow 
the lines without interruption, hletoro 
interpreted the hieroglyphics on one 
wooden tablet to provide a dictionary. 
He also translated the tablet, but the 
translation completely puzzled Janssen. 
In publishing it he observed, '‘One has 
to resign, there is no sense m it ” 

I discovered this translation in Paris 
in my search for documents on Easter 
Island, and decided to re-examine it 
from a psychological point of view. It is 
well known that many primitive peoples 
are secretive about their tribal traditions 
and resist efforts of strangers to decipher 
their writings I considered the possi- 
bility that Metoro may have cleverly mis- 
led Jaussen. To test this assumption I 
compared the dictionaiy of glyphs with 
Metoro’s translation and a photograph of 
the tablet. 

It appeared that Metoro had given the 
correct meaning of the glyphs in many 
caseSy at least where the meaning could 
be deduced by a stranger from the form 
of the symbol. His statement that the 
tablets were read by the hoiistrophedon 
method also seemed to be correct, for 


the glyphs in successive lows appeared 
as figure reflections would appear in 
water, head meeting head. The meanings 
given bv Metoro for the glyphs in the 
fiist three rows appeared to be accurate 
—as far as they went. Yet the chant he 
translated from the entire tablet certain- 
ly did not make sense. Furthermore, it 
was shorter than it should have been ac- 
cording to the number of glyphs. 

A close comparison of the dictionaiy 
definitions with the glyphs in the first 
three rows of the tablet and with Me- 
toro’s translation of the chant revealed 
that he had omitted some of the glvphs, 
varied the meaning of others, inserted 
^‘translations” of others which were not 
present, and, to ciown the deception, 
had translated only one row of the 
tablet 

In his dictionary, however, Metoro 
appears to have given the true meaning 
of the glvphs. When I used these mean- 
ings to translate the fiist thiee rows, I 
obtained thiee coherent, intelligible 
chants, which are consistent with con- 
cepts in the spoken language of the 
Easter Islanders. The translation of the 
first line is: 

He lives in heaven, on eaiih, land of 
Hoafiimatua, [he] lices, he lives in heav- 
en, on eaith. [On] earth, the eldest 
prince lives [on] a boat The younger 
brother, the child, he is gone to heaven, 
on earth, the land of Hoatumatua, the 
brilliant. He is gone to heaven, on earth 
[On] earth the eldest prince, the hiil- 
liant, the father is sitting on his tin one. 
The child is joyous in heaven. The bird 
flies [over] the earth. Man eats. Jives, 
man is at ivoik, man is at tcork. The fowl 
flies [over] the billows, the fowl flies 
[over] the tilled soil, the fowl flies, lives. 
The king, man lives, the children. The 
child [on] eaiHi he has left. 

At first glance the chant appears 
strange. Compared with the old Egyp- 
tian chants, however, it is a model of 
clarity. If it were translated idiomatically 
instead of literally, glyph by glyph, its 
meaning would emerge more clearly. 
Certain details of the chant are cor- 
roborated by legends of the island. One 
tale relates that Hoatumatua, the first 
deified ancestor-king, was looked on as 
the mediator between heaven and earth. 
The allusion to the boat on which he, the 
eldest prince, is living seems to refer to 
Hoatumatua’s arrival on the island by 
boat. 

T he next question that arises is: What 
common elements can be found in 
the tablets and the statues? 

Clues to the meaning of the statues 
may be sought in the folklore and cus- 
toms of the islanders. Most of the statues, 
which were carved from lava stone, were 
found in and around the crater of the 
largest volcano on the island. Their po- 
sition, and the distinctive long ears that 
characterize the figures, may he ex- 


plained by an island legend The legend 
says that from the first immigrants to the 
island there descended two tribes: the 
‘"Short-Ears,” descended from Hoatuma- 
tua, and the “Long-Ears,” from Machaa, 
his younger brother. After a time the 
Long-Ears became clannish and settled 
on the top of the volcano, wheie the 
workshop for caivmg the statues was lo- 
cated. They ruled the Short-Ears for a 
while, but after one of tlieir number 
killed and ate 30 boys of the Short-Ears, 
the Short-Ears slew all the Long-Eais 
and took over the workshop of their 
former masters. 

Thus the statues may commemorate 
the long-eared ancestors. But why were 
these ancestors idolized as statues after 
they had been muidered as enemies? 
According to all obser\^ers, the natives 
on Easter Island believed themselves to 
be constantly under tlie influence of the 
spirits of departed souls. The fear of 
death was always present. The statues’ 
position at the burial place connects the 
ancestors with the concept of death. The 
natives’ fear that the murdeied clan 
might take revenge on them might have 
induced them to construct the statues 
for appeasement. 

Some of the statues have carvings of 
birds on their backs. The natives’ name 
for statues, moai, w^hich has never been 
explained satisfactorily, seems to con- 
nect the symbol of the bird with that of 
tlie ancestor. Moa means bird, and the i 
in moai is the common Polynesian root 
foi ancestry In Polynesia and Centnil 
America the souls of the departed often 
were lepresented as birds. Bird designs 
cover the w^alls of the “Eat-Men-Cave” 
on Easter Island w’here cannibalistic 
feasts w^ere held. 

The bird ceremony on Easter Island 
seems to explain w’^hy the bird wiis 
selected as a symbol of the depaited 
soul. This ceiemony celebrated die ar- 
rival of spring. The bird w^as not only a 
symbol of the soul but also of the sun, 
w^hich is depicted as a firebnd in ancient 
religions of the Old and New Worlds. 
The bird ceremony appears to have been 
a prayer for revival of the sun and of 
man’s spirit after death 

The idea that life feeds upon death 
was expressed m Polynesia by die sea 
bird, symbol of life, which lives on the 
fish, symbol of the victims of human sac- 
rifices and of death. Life was supposed 
to be an energy, mana, wdiich could be 
ingested by eating human flesh. The life 
energy could also be stoied in stones, 
which were particularly good receptacles 
because of their durability. The Easter 
Islanders had so-called mana stones 
which were carried as charms in haz- 
ardous enterprises. The statues, then, 
appear to have been repositories of mana 
that was extracted from the victims and 
offered to the ancestors as a gift of eter- 
nal life in appeasement for their murder. 
In some way the statue was also the 
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token oi: tlie flying bird, whose flight was 
a symbol of the eveimaoving energy of 
life. 

These concepts can be discovered all 
through Polynesia and Central Ameiica. 
Mexican manuscripts, for example, show 
that the sun was fed hy the hie force 
contained in human heaits, which were 
oflered to tlie gods on stone pyramids. 

Yet the transpoitation ot the statues 
remains a gieat iiddle. Thomson was 
"unable to arrive at any satisfactory con- 
clusion as to how the immense statues 
on the upper tier of the woiks could 
be moved to the plain below.” Mrs. 
Routledge found a statue on a natural 
eminence, one side of which was a sheer 
cliff and the other a slope as steep as a 
house roof. Some students ot the pioblem 
have suggested that the Easter Islanders 
may have hauled tlie statues by means 
of rollers and ropes ovei old roads that 
may long since have been obiiteiated. 
But some of the figiues are on heights to 
which no roads could have led, and the 
island has always been lacking m wood 
01 any matenal from which eithei rollers 
01 ropes might have been made. Moie- 
ovei, it IS impossible to explain why the 
statues, made of friable lava stone, did 
not crumble or break when they were 
moved. There aie other aspects that have 
bewildeiedinvestigatois. The statues are 
strewn about in no particular Older. 
Some he on their faces and some on their 
backs. Many are unfinished. One hun- 
dred fifty-seven statues are still in the 
quaiTies where they were cut, lying ‘‘in 
the least accessible places,” as Metraux 
observed. 

Most striking of all is the fact that the 
work on the statues appeals to have 
stopped abruptly. The sculptors left the 
images in all stages of constiaiction. 
They must have left hurriedly, leaving 
behind some of their to'ols— stone chisels 
that resemble paleolithic hand axes 
found in Europe. It seems likely that 
their work was inteirupted by a sudden 
eruption of the volcano. 

All this suggests that the transporta- 
tion of the statues was related somehow 
to volcanic activity. The sculptors may 
have found a way to use the volcanic 
forces to move them. This theory is 
strengthened by the fact that all the 
statues are partly buried in volcanic 
ash, Some natives reported, according to 
Mrs. Routledge, "that the statues were 
set up to he finished.” Thus it seems that 
the statues may have been carved in the 
rough in the crater, transported by the 
volcanb^s eruption and fimshed in the 
places where^ they fell. Many statues, 
however, tie there m a btoken state. If 
the hypothesis of volcanic transportation 
is accepted, it at 6nc^ hecon^es possi- 
ble to account for many of the other ^ly s- 
teries--the location of the workshop in 
the scattering of the ^at 
of stone, the^ strange posi^ 


tions and heltei-skeltei disoidci m which 
they were found. 

Oui theoiy gets some support from 
the language, folklore and symbolic sys- 
tem of the natives. The statues were 
given names that refer to flying biids. 
One statue has the name Viri-vin-moai- 
a-taka. Viri-viri means to roll, moa means 
fowl, taka means wheel. The Easter 
Island legends say that magicians moved 
the statues by supernatural power 
{mana) and that the statues “walked” 
lioin the ciatei. The natives exhibit one 
big lava block as the liist image diat was 
made. It resembles a gieat lump of lava 
ejected by an eiuption. 

T he stone statues appear to have 
been a focal clement m the natives’ 
conception of the world. The statues 
were consideied to have been boin 
from the volcano, which was regaided 
as the womb of the earth. The Easier 
Islanders called the volcanic island itself 
Vito Te Ilenua, meaning "Navel of the 
Eaith,” Mana^ the energy of life, was 
assumed lo have its source in the flaming 
volcano, and it cauied the statues 
through the air like fly mg birds. The 
most common bhd on ihc island, iho 
tern, actually nested in the ciuLcr. Maii’.s 
life was considered a paiallcl to the 
Inrds flight over sea and soil. Thus all 
the data~the tablets, the chants, the 
statues, the ceremonies— -can be woven 
into a single carpet of images which 
presents a coherent, consistent explana- 
tion of the Easter Islanders’ culture. 

The key concept of this culture is the 
concept of death It is significant that 
the first immigrants under Hoatuinatua 
came from an island named Mame4oe- 
haUp the literal meaning of which is “The 
Buiial Place.” This ti’aditional migration 
from a “Burial Place” to an island of 
life, the “Navel of the Earth,” was cele- 
brated in many ceremonial acts. 

There remains the most inteiesting 
question of alb Where did the ancestors 
of the Easter Islanders originate? Many 
legends of peoples m the Americas and 
in Polynesia tell of a Great Migration 
across the Pacific. When the fii*st mis- 
sionaries came to Mexico they were im- 
pressed by the similarity of pyramids 
they saw there to those of Egypt, The 
great 19th-century German explorer 
Alexander von Humboldt was struck by 
similarities in the language of Mexico 
and of ancient European cultures. Art 
objects typical of Melanesia and Poly- 
nesia have been found in Peru, in Chile 
and in Colorado. 

Where do the Easter Islanders stand 
in this presumed migration? A most im- 
portant piece of evidence was discov- 
ered by Guillaume de Heveszy of 
France who detected likenesses be- 
tween the hieroglyphics of Easter Island 
and an ancient script found in tlie Indus 
Valley of India. The Indus script, in turn, 


showed similarities to the picture willing 
ol the Babylonians. Because the meaning 
ol the Eastei Island glyphs and ol the 
Indus sciipt was unknown, no definite 
piool of a cultural relationship could he 
established. But the tianslation of Easter 
Island’s hieroglyphics now makes possi- 
ble a dnect comparison ot these wiitings 
with those of other ancient civilizations, 
a study which led me to the disco veiy 
ol a close correspondence between the 
glyphs of Easter Island and of Egypt. 

Then symbols aie often similai, not 
only in form but also m meaning. The 
similaiitics aie so numerous and so de- 
tailed, m moie than 80 glyphs, that they 
cannot be explained hy chance. And 
since these similaiitics also lefer to ab- 
stract concepts, they cannot he explained 
by common human cxpciiences. Such 
concepts as God, good and to write, for 
instance, arc leprescnted by closely simi- 
lai glyx>hs in both cultures. Some liieio- 
glyphics similar in form have different 
meanings in Egypt and Easter Island, 
but these diflcicnccs can be explained. 
For instance, an Eastci Island glyph 
which is translated as niata no ie henna, 
“the eyes of tlic earth,” rcsomhlcs an 
Egyptian hieroglyphic meaning grain ol 
com, 01 seed, “Eyes of the earth” can be 
explained as the seeds vvhidi, upon gci- 
mmating, .symbolize llic opening oi the 
eyes of Molher Earth, gazing at the sun. 

M any other symbols, such a.s the 
strange combination of sun bird 
and earth seipent, aic found m the lan- 
guages of Easter Island, Egypt and 
Mexico, and the symbol of iho feather 
hat in Easter Island, Babylon and Mexi- 
co. The swastika, a common sign in all 
the ancient cultures ol the Old Woild, 
also appears in a hieroglyphic on an 
Eastei Island tablet and in the signa tines 
of Easter Island’s chiefs during the Eng- 
ghsh expedition in 1774, Many other 
giaphic symliols on Easter Island have 
counterparts in both the Old and the 
New Worlds. The similarities ot form 
and meaning are not gencuil, hut of a 
most detailed kind, and they rim through 
the whole pattern of the culture. 

Theie is no reason to think that all 
ancient cultures lived in complete isola- 
tion; migrations, gieat and small, were 
possible and likely then as now. We 
know that famine and social motives 
drove tribes from land to land and that 
many of the ancient civilizations sent 
fleets across the oceans. The similarities 
we have been considering appear to con- 
firm the theory of a cultural migi alien 
from the Old World to the New across 
the Pacific-with Easter Island as a pos- 
sible bridge between the hemispheres. 


Werner Wolff is professot of psy- 
chology at Bard (JoUege and author 
of the recent book Island of Death. 




QUARRY on Rano Raraku contains several partly fin- 
ished heads of the same kind found elsewhere on Easter 
Island. Other heads have been found in strangely in- 


accessible parts of the parries. These and other facts 
led the author to believe that the location of the 
heads is in some way connected with volcanic activity. 
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BUSSELL has pncsned theme of his hook for some 
openmg sentente: . . . purpose of this hook is to examine 

«ie rfetetion between individual tephpience^ a^^^ ... scieritifio knowledge.” 



by Y. H. Krikorian 

Human Knowledge, by Beituind Rus- 
sell Simon and Schuster ($5 00) . 

T he aspect of science that appeals 
most strongly to the imagination is 
its powei to build magnificent theo- 
retical edifices upon the meager evidence 
accessible to human experience. Fiom 
the limited data available on this planet, 
the aslionomer infers vast univeises. 
From the gioss matter around us, the 
physicist derives the invisible woild ol 
atoms. From the remnants of ancient 
locks, the geologist wiites the histoiy of 
the earth. From a scatteiiug of human 
lelics, the archaeologist reconstructs the 
civilizations of the past. To be sure, with 
llic invention of such instruments as Llie 
telescope and the micioscopc, man has 
extended the range of Ins perceptions 
and experience; yet a wide diffeience re- 
mains between the woild observable by 
the human mind and that constructed by 
the scientist’s imagination. The abstrac- 
tions of modem theoietical science— such 
concepts as instantaneous velocities, 
space-time, wave-particles— seem to have 
not the lemotest relevance to everyday 
expeiience. 

For neaily 35 years Beitrand Russell 
has lelentlessly been exploring this lorob- 
1cm of the relation between the world of 
our senses and that of scientific theory. 
ITe has discussed it in sevci al books and 
many ai tides m philosophical journals. 
In “Human Knowledge” he retuins to 
the inquiry with undiminished ardor. 
He announces m the first sentence: “The 
central pm'pose of this book is to examine 
the relation between individual expe- 
rience and the geneial body ol scientific 
knowledge.” Russell has sometimes been 
accused of being a “Eighty thinker” be- 
cause he has repeatedly changed his 
stand on such questions as value, the 
nature of matter and the relation be- 
tween mind and matter, but on the piob- 
lem here discussed his approach on the 
whole has remained consistent and es- 
sentially unchanged 

Russell is preeminently qualified to 
discuss this question. He has been one 
of the greatest figines in the develop- 
ment of mathematical logic. He is also 
an exceptionally competent observer of 
the developments in modern physics. 



BOOKS 

Bertrand RusselVs latest inquiry into the relationship 
between theoretical science and the world of the senses 


and sometimes a competent obseiver 
may have a clearer pictme of what is 
happening than the participants in the 
game. Moreover, Russell is one of the 
keenest analysts among contemporarv 
philosophers. He is a direct descendant 
of the long line of Enghsh empiricists— 
including Locke, Berkeley, Hume and 
Mill— who have been preoccupied with 
the natme, scope and limits of human 
knowledge. Russell is a worthy bearer of 
this tradition, and he brings to the task 
the tools of mathematics and mathema- 
tical logic— tools tliat the earher English 
empiricists lacked 

Unlike most philosophers, Russell 
places his problem in its empirical setting 
before attempting to come to grips with 
it. In masterly and succinct fashion he 
describes the state of contemporary 
knowledge in astronomy, physics, biolo- 
g)^ phvsiologv mid psycholog\’ No less 
illuminating and valuable is his discus- 
sion of the natme and function of lan- 
guage, a field in which he has been a 
pioneer. He devotes special attention to 
the woids and terms used to relate “indi- 
vidual expeiieiice to the socialK recog- 
nized body of general knowledge.” His 
analysis of proper names and his defini- 
tions of words such as truth, belief and 
knowledge are in the Russell ti'adition of 
brilliant clarification. 

The general problem to which Russell 
addresses himself involves many specific 
questions. Russell discusses primarily 
three of these: What is the staiting point 
of scientific knowledge? What is the na- 
ture of physical or scientific objects^ 
How can we justify inferring scientific 
laws from a collection of data? The first 
question may be stated in another way: 
What are the most fundamental data 
fiom which scientific constructions are 
made? It would appear that we should 
be able to answer this without much 
difficulty, but the more the question is 
examined the more complicated it be- 
comes The so-called hard facts of com- 
mon-sense experience and especially of 
science are actually a tissue of infer- 
ences. To amve at the core of funda- 
mental data on which knowledge is 
based, philosophers and scientists have 
followed the method of progressively 
stripping awav the inferential elements. 
From David" Hume to Russell, this 
search has led many empiricists to the 
conclusion that the rock-bottom basis of 
knowledge is sensation. As Russell puts 
It, “Only sensations and memories are 


tiuly data for our knowledge of the ex- 
ternal world,” and memories, in Russell's 
view, have their origins in sensations. By 
sensations Russell means oiu: qualitative 
experiences, such as coloi, sound, touch. 
If I say, “I see a red apple,” I may be 
making an incorrect infeience, for the 
object may not be an apple. But if I say, 
‘T have the sensation of red,” I cannot 
be mistaken, for at this level tlie state- 
ment is fiee of interpretation, except m- 
sofar as I have used an arbitrary term, 
red, to name the sensation. 

For Russell, then, sensations are the 
basic data of knowledge. When sensa- 
tions are amplified by what he calls ani- 
mal inference, they then become percep- 
tions. By animal inference, Russell 
means the automatic, unconscious link- 
ing of a sensation to an intimately related 
idea The begmnings of such iiiferences 
are found in the higher animals. The per- 
ception of a building, of a person, or of 
the sun involves moie tlian simple sensa- 
tion. The inferential process is always 
present The building I see is something 
to hve in, the person I see is a fiiend, the 
sun I see is a source of light. Because an 
infeience may be mcoirect, perceptions 
are always open to error In a previous 
book. An Inquinj into Meaning and 
Truth, Russell asserted that “a man pos- 
sessed of intellectual prudence will avoid 
such rash credulity as is involved in say- 
ing ‘There's a dog,' ” for the inference 
that one is seeing a dog may arise from 
an artificial excitation of the optic neive, 
a blow on the head, or some other de- 
ceptive circumstance. 

Moreover, sensations and perceptions, 
savs Russell, are purely subjective. When 
I see a building, a person or the sun, 
these objects, with all then* relations in 
space and time, belong to nnj world of 
experience, to mtj mind. Their supposed 
objectivity - and independence are not 
tenable. Russell maintains that when a 
physiologist observ^es a living brain, he 
IS observing in fact only his own brain 
This startling statement, to which many 
of RusselFs critics have strongly ob- 
jected, is quite tenable if one accepts 
Russell's basic premises. We need not 
labor the arguments for the subjectivity 
of perceptions, for they have a long his- 
tory. 

If every perceived object belongs to 
my private world, how do I escape the 
conclusion that the world exists only in 
my mind? Hume started, as Protagoras 
had started much earlier, with the sub- 


jectivity of perceptions, and got no fur- 
ther. Russell refuses to accept this im- 
passe. In an exciting chapter on the 
question, he argues that partial skepti- 
cism, such as the denial of physical 
events which no one has experienced, is 
logically indefensible. Like Rene Des- 
cartes, he likes to stretch to the breaking 
point our faith m the objective, external 
world, but before the actual break— again 
like Descartes— he tries to save us horn 
utter skepticism. 

In place of Descartes' God, Russell 
brings to our rescue his postulate of 
causality, Om perceptions, though them- 
selves private, must have a causal basis, 
he says. There must therefoie be an ex- 
ternal world. The causal bases of om 
perceptions are physical “objects” such 
as electrical discharges, sound waves, 
and so on A flash of lightning is de- 
scribed by a physicist as an eleotiica] 
discharge which propagates electromag- 
netic waves. When these waves happen 
to enter a human eye connected with a 
human brain, tlie person to whom the 
brain belongs “sees” the flash. His per- 
ception of the flash with all its quahtics 
is private to him, but its causal basis is 
not. 

Thus causality demand^ a physical 
world as the basis of our perceptions. Of 
the nature of this physical world, Russell 
obseiwes at the beginnmg that physical 
objects are inferred and not observed. 
He says. “I should define [a physical 
event] as an event, which, if knowm to 
occur, is inferred.” A mental event, on 
the other hand, is defined as “one with 
which someone is acquainted otherwise 
than by inference."'’ Russell rejects the 
“common sense” view that tlie sun xve 
see IS the same as the sun described bv 
the astronomer. The perceptual sun is "a 
loimd area of brightness; the physical 
sun IS a complex of unperceived elec- 
trons, protons and other particles. What 
we know about physical objects is that 
they have structure. Th^y are not, like 
Immanuel Kant’s things-in-themselves, 
totally unknown to us, though our knowl- 
edge is incomplete. From the fact that 
the perceptual sun looks round, we are 
entitled to infer, says Russell, that the 
physical sun also is round. On the other 
hand, the fact that the perceptual sun 
appears bright does not imply that the 
physical sun is bright. Brightness is a 
qualitative, not a structural property. 
Qualities are characteristic of perceptual 
objects; structure, of physical objects. 
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We cannot say that the physical sun 
either is or is not bright; no statement 
of qualitative properties can be made 
with respect to physical objects. All we 
know about them is their structure. 

The language most appropriate to de- 
scribe what we learn of physical struc- 
tures is that of mathematics. The stiuc- 
tiue of physical objects must satisfy 
mathematical and logical laws. When a 
physicist is asked, 'What is an electi'on?” 
he describes it in mathematical lei ms, 
and regards this description as sufficient. 
In modern analysis the ultimate particles 
of matter fade away into abstractions 
definable only in terms of mathematical 
functions that lequire a special algebia. 
Similaily othei fundamental concepts of 
physics, such as space, time and caus- 
ality, are expressed by mathematical 
equations. Russell emphasizes this math- 
ematical structuie, and its exlieme re- 
moteness from our eveiyday experience. 

Nonetheless, the stiucture of a physi- 
cal object must be so inteiqireted as to 
yield results that can be confirmed oi 
confuted by observation. Even when 
physics is so abstract that it becomes a 
blanch of mathematics, it must remain 
relevant to observable conditions at some 
point. In the last analysis, physics .seems 
to need only the concepts of energy, elec- 
trical charge and space-lime cooulinatcs. 
But energy, though highly abstract, is a 
genei alizalion arrived at by concrete ex- 
periments. Electricity, though a quanti- 
tative concept, is not just any (piantity, 
but that quantity measured by elecliical 
instruments. Physics is a verifiable sci- 
ence, and its most abstract concepts must 
have relevance to our experience. 

Russell now auives at a discussion 
that is the most valuable part of his book* 
on probability and on the validity of 
scientific infeiences. How can we justify 
deriving laws in science from mere col- 
lections of data^ In othei woids, is it 
justifiable to establish universal laws 
by the process of induction, which can 
give us only probable inferences? The 
usual justification of induction is in terms 
of simple enumeration based on the lepe- 
tition of events. It is maintained, for ex- 
ample, that from our knowledge of the 
past moitality of human beings we aie 
entitled to say it is probable, tlaough not 
certain, that Mr X will die. Russell con- 
tends, however, that such an inference 
cannot be validated by experience alone; 
its fitness and probability rest on certain 
basic postulates that come before expe- 
rience. These postulates can neither he 
established by logic nor discovered by 
experience; yet, as Russell maintains, 
they must be entertained. He offers five 
of them: the postulates of quasi perma- 
nence, of separable causal lines, of 
spatio-temporal continuity in causal 
Ihies, of structure and of analogy. 
These postulates justify rational expecta- 
tions, but expectations short of absolute 
certainty. They haLve a subjective as well 
as an pbj^ptivc meaning: subjectively, 


they asseit that certain expectations have 
lational credibility, objectively, they as- 
sert that certain events happen in most 
cases. What is most important about 
these postulates is that taken collectively 
they appear to justify inductive infer- 
ences. 

RusselTs claim may be illustrated by 
considering one of his postulates. The 
postulate of causal lines asserts that a 
senes of events in time is so related that, 
"given some of them, something can he 
inferred about the othei s, whale vei may 
be happening elsewheic.” For example, 
when one sees a number of slais, he at- 
Iriliutes the multiplicity of his visual sen- 
sations to the multiplicity of stars as the 
causes. Again, when he secs a tabic or 
a chair, he assumes that there is a causal 
line from each of these objects to the eye. 
That there are such causal processes can- 
not be established by logic nor fully veii- 
fied by expel ience, yet this assumption, 
in RusselTs belief, is one of the funda- 
mental postulates ot science. He says. 
"It IS in virtue of the truth of this postu- 
late—if it IS Irue—that we are able to ac- 
quire paitial knowledge in spite of our 
cnoimous ignorance.” 

Such is RusselTs aigumcnt. There are 
basic oonlrovcrsial issues involved in it. 
To begin with, Russell's contention that 
sonsalion is the primitive datum of 
knowledge is highly debatable. It is tiue 
that any given scientific investigation has 
a starting point; hut the starting point of 
science is not the datum of mere imme- 
diacy, but ralhei the rich experiences of 
everyday life. We neither icqmre nor 
possess absolutely simple data. The aim 
of science, one might say, is not primarily 
construction from simple data, but rather 
reconstiuction of the given experience. 
And this reconstruction involves both 
analysis and synthesis. While in any re- 
construction of expei ience a certain 
group of data is given, it is given for the 
cons Unction in question and is deter- 
mined by the jDoint of view from which 
the reconstiuction is formulated. In such 
a reconstiuction, sensations aie as much 
the results of analysis as they are the as- 
sumptions used in synthesis. 

Again, RusselTs subjective theory of 
perception is open to seiious doubt. His 
subjectivism is based piimarily on the 
interpretation of experience by the clas- 
sical empiricists. But is this interpreta- 
tion necessary^ A moie experimental 
approach to the nature of experience, 
which Russell occasionally suggests, 
would indicate that there is an essential 
identity between the meaning of expe- 
rience and the meaning of experiment. 
And if experience is experimental in all 
its phases, what is experienced by one 
may be shared by all. Once we reject 
RusselTs subjectivistic premises, there is 
no need to assert two exclusive and 
rather dissimilar worlds— the perceptual 
and the physical. Because a scientist is 
interested in the quantitative relations of 
an object and thus finds it useful to di- 



rect his attention to these relations ex- 
clusively, it does not necessarily follow 
that the quahtati\e aspects of the situa- 
tion are less real than its quantitative as- 
pects, let alone wholly unreal. 

As for Russelhs postulates, they are 
significant in emphasizing the non-em- 
pirical aspects of scientific procedure. 
With some important differences, these 
postulates remind one of Kant’s a prio- 
ris. Russell, it seems to me, could have 
emphasized much more than he does 
their functional role. Since in certain 
parts of his discussions- he seems to lean 
toward a pragmatic theory of knowledge, 
he would have been justified in such a 
formulation. While it is true that these 
postulates cannot be established witli 
any finality by logic or experience, yet 
they are frmtful regulative principles to 
guide scientific activities. 

Though I find myself in disagreement 
with several of its conclusions, I believe 
''Human Knowledge” to be a book of 
great value. It restates freslily the ti'adi- 
tional problems of philosophy; it shows 
how to develop a philosophy on the 
basis of the significant findings of mod- 
em physics; it illuminates the complex 
logical structure of scientific theories. It 
IS not only what Russell says but the way 
he says it that makes the book valuable. 
His philosophic temper is charmingly 
reasonable, his style, as usual, lucid and 
incisive, though its lucidity often glosses 
over the complexity of his ideas. At diffi- 
cult points a dash of wit reheves the 
reader’s stiain. To follow, step by step, 
Russell’s keen analysis of human knowl- 
edge is a rare intellectual pleasure. 


Y. H Krikorian is chairman of the 
department of philosophy at the 
College of the City of New York. 

A Source Book in Greek Science, by 
Moiris R. Cohen and I. E. Drabkin. 
McGraw-Hill Book Company ($9.00). 
An excellent addition to the Soiu'ce 
Books in the History of the Sciences se- 
nes. It contains excerpts from the great 
works on matliematics, astronomy, geo- 
graphy, physics, chemistry and chemi- 
cal technology, geology, meteorology, 
biology, medicine and physiological psy- 
chology. There is also a useful bibliogra- 
phy. The scope is so wide that one can 
easily excuse even die more striking and 
painful omissions: thus, for example, 
problems and paradoxes of the infinite 
and infinitesimal are excluded on tlie 
ground of tlieir 'predominantly pliilo- 
sophic character.” 

P HYSICS and Politics, by Walter 
Bagehot. With a new introduction by 
Jacques Barzun. Alfred Knopf ($2.50). 
This famous 19th-century essay, now 
reissued with an interesting introduc- 
tion by Jacques Barzun, applies the 
principles of natural selection as defined 
by Charles Darwin to the evolution of 


social institutions. It has nothing to do 
with physics, although physicists, like 
everyone else, can learn a great deal 
from it; and the word pohtics must be 
understood as referring to tlie social sci- 
ences rather than to the shenanigans of 
statesmen or ward heelers. In his bril- 
liant, iromcal style Bagehot gives a lucid 
analysis of the various forces which 
make for social change and inno\^ation 
on one hand and for permanence and 
stability on the other. His book is a 
pioneer work m social psychology, WTit- 
ten by one of the first-class intellects of 
the Victorian era. 

A pplied Mathematics for Engineers 
- AND Scientists, by S. A. Schelkun- 
off. D. Van Nosti'and Company ( $6.50) . 
A clear, well-balanced mathematical 
text, the latest addition to the useful 
BeU Telephone Laboratoiy Series con- 
ceived primarily to meet the needs of 
communication engineers. What distm- 
guishes the book and deserves notice is 
the amount of space allotted and the 
careful ti*eatment given to special func- 
tions, particularly Bessel and Legendi*e 
functions. It is evident Rom books of this 
kind that the easy and prevalent notion 
of the engineer as one who can just 
about use a slide nile and who thinks of 
an integral as a number to be looked up 
in a table is rapidly becoming a myth. 
Whether or not the myth ever had sub- 
stance, it is obviously imtiue today. It is 
getting to be as hard to distinguish be- 
tween a research engineer and a "scien- 
tist” as to keep track of the thin, fading 
line between "puie” and "applied” sci- 
ence. There is obviously no point in 
turning your good-for-nothing son into 
an engineer; once agtiin there is nothing 
left for him but the law. 

T he Universe and Dr. Einstein, by 
Lincoln Barnett. William Sloane As- 
sociates ($2 50) . A brief, popular expo- 
sition of the quantum theory and relativ- 
ity by a former editor of Life, based on a 
senes of articles which appeared in 
Harpers last year. The publisher’s blurb 
describes the attempt of the book as the 
"most brilliant in our time,” which is 
pretty silly even for publishers’ blurbs. 
While the author, as long as he resists an 
unfortunate temptation to philosophize, 
writes clearly, tdiere is nothing in the 
book which has not been handled more 
effectively by a number of earlier writers, 
including Hans Thirring, C. V. Durell, 
Bertrand Russell, James Jeans and Ar- 
thur Eddington. The book is not distin- 
guished by fresh insights or original 
analogies to help illumine the shadowy 
concepts of modem physics. The subject 
remains difficult. Nevertheless the at- 
tempt to elucidate it in the language of 
laymen continues to be an eminently 
worthwhile journalistic enterprise, and 
Mr. Barnett’s account is sounder and 
more illuminating than most. 

J. R. N. 





by ELLIS W. SHULER 

Here’s a l)ook that strips the technical 
Jargon from geology to give yon the full 
scope, cultural Interest, romance and wonder 
of the science. Richly Illustrated with photo- 
graphs from every state. It tells the story of 
the caves, sinkholes, lakes, canyons and 
mountains of America. 203 tlL $4.00 

MICROBES MILITANT 

A Challenge fo Man 

FREDERICK EBERSON— A slgnSfleant. in. 
formatl\e report that highlights the dra- 
matic history of. preventive medicine from 
Koch and Pasteur to the present, summariz- 
ing the whole new field of microbiology. 
Takes full accost of the new antlhlotlcs. 
and recent frnltfnl researches In the fields 
of viral and rickettsial diseases, yf R.evision. 
Illustrated, 401 pgs, $4.50 

BOY'S BOOK OF SNAKES 

FERCY A. MORRIS-lnterest- 

ing, surprising Information on 
almost 100 different snakes, 
disposing of those untrue 
stories you hear. Shows how 
to recognize the different 
kinds on sight, how to catch 
and handle the harmless ones, 
59 fine photographs. $3.00 

EXPLORING ELECTRICITY 

HUGH H. SKILLING — Revelations about the 
scientists great and small who helped fur- 
ther the growth of electricity. The complete 
story of electrical science, from the ancients’ 
lodestone to atomic energy, with fascinating 
sidelights on the lives and times of the 
‘‘explorers,” and an accurate account of the 
sources, properties, and applications of 
electricity. Illustrated. $3.50 
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JAMES G. NEEDHAM — An original, enter- 
taining volume on the basic biological faets 
about man’s physical structure, develop- 
ment, and first steps In the learning process 
, . . facts that help explain why Aumans 
behave as they do. Revised printing. $3.50 
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Condxicled by Albert G. Ingalls 


ALL amateui astioiiomeus doubtless 
hope some day to make a pilgrun- 
_L j,^gg Palonuu Mountain Observa- 
tory and sec the 2()()-mch telescope. 
Before planning such a tup tliey will 
want a specific answei to the question 
‘If I should go, how much of the real 
inside stuff will I see?’' 

The policy ol the observatory is that 
of the late George Ellciy Hale, its 
lounclei, Di. Hale was a man who liked 
amateui s. The observatoiy's policy is to 
admit the public ungrudgingly, up to the 
point where this begins to inteifere with 
the astronomical icsearch lor which the 
obseivatoiy was built. 

Obviously not all ol the observatoiy 
can be shown to tourists, since they ai- 
live at a rate of 100, ()()() a year Some of 
the tourists, however, are amateur as- 
tronomers. Cannot at least these be 
shown the wliolc installation? Unfoitu- 
nately if only 1,000 amateurs arrived at 
Palomar every year, wisliiug to lie siiovvu 
cveiy thing and to talk with the staff, 
this might mterieie with the astronomi- 
cal woik moie than the visits of 99,000 
tourists. 

So the amateur astionomei should not 
count on seeing more than the most in- 
teiesting third of Palomar— the mounting 
and tube of the 200-inch telescope. He 
will not see the interesting labbit war- 
rens on two broad floors beneath the ob- 
serving flooi ol the 200-inch. The present 
article there! oie will attempt to desciibe 
this forbidden region. Nowheic has it 
yet been systematically described with 
plan diagrams. 

The visitor enters the dome whcie 
Russell W. Porter has lettered in the 
words “Public Entumce” in the drawing 
labeled “Giound Flooi Plan" at left. In 
vestibule 18, after examining a bronze 
bust of Dr. Hale, he will turn to the left 
and climb 26 feet in two flights of stairs, 
emerging 5,572 feet 6 inches above sea 
level in the ample visitors' gallery. This 
is completely enclosed area of the con- 
crete main obseiving floor. 

Here in full view, only 40 feet away 
from the gallery, stands the 200-inch 
telescope. It towers so high that the visi- 
tor feels he is almost under it. This van- 
tage point, however, offers the best view 
of the telescope 

Visible from the visitors' gallery is the 
short stairway approach to the coud^ 
spectrograph room shown at 1 in the 
drawing labeled “Observing Floor Plan-*' 



HE illlATEER iimOMEH 


The room also appears at left in the ele- 
vation drawing below. What appear to 
be stairs in this room are concrete plaX- 
forms, each 22 inches higher than the 
last This large room will eventually con- 
tain fom Schmidt spectrographs which 
are now being made. 

The optical tram fiom stai to spectro- 
graph film IS as follows: to the 200-incli 
mirror; thence upward to a hvperboloi- 
dal convex secondaiy mirror near the top 
of the telescope tube, thence downward 
to a flat mirror opposite the declination 
axis, thence diagonally downward 
through the hollow polar axis south bear- 
mg (indicated as P A on the elevation 
drawing), next, to a collimating miiTor 
near the exterior wall of the spectro- 
graph room, thence by reflection back to 
a diffi' action grating near the poit 
through which the beam enteied the 
room, thence back to the left through 
tile collecting plates of any chosen one 
of four large Schmidt cameias (which 
have 20-mch, 30-inch, 36-incli, and 4S- 
inch primaries), thence to the Schmidt 
primaries, and finally to the photograph- 
ic film at the Schmidt focus With the 
faintest stars the spectiir will be spread 
to only one inch m length, on the bright- 
est stais to an equivalent length of 12 
feet. 

At 2 on the observing floor plan is a 
small automatic elevator that gives the 
staff quick access to gi'ound flooi, mez- 
zanine, observing floor, and balcony. 

At 3 is a plate-change room and at 4 
is a rest room. 

At 5 is a lepair shop. Backing it up is 
a machine shop at the nearby observa- 
tory power house, and the larger shop on 
the California Institute of Technology 
campus in Pasadena. 

At 6 IS the visitois* gallery. 

At 7 is the computer. It stands on a 
raised platform near the right ascension 
drive. A coffinlike box that encloses it 
protects delicate mechanisms which 
change the speed of the sidereal drive 
to compensate automatically for angular 
variations in atmospheric redaction. 


structoal deformations of the telescope, 
errors m the gears and elsewhere The 
box also contains an automatic mechan- 
ism for keeping the dome opening in 
line with the telescope 

At 8 is the double south pier of the 
telescope (see elevation drawing). 

At 9 is a hydraulic hoist also shown in 
the ele\'ation- This is for raising equip- 
ment to the Cassegrain focus of the tele- 
scope, also as a working platform. 

At 10 is a broad-gauge railroad track 
on which the aluminizing chamber unit 
may be diawn from its stoiage position 
at the side of the floor to the center un- 
der the mirror. 

At 11 is the complex control desk. 

At 12 is the double north pier of the 
telescope 

At 13 is the dome balcony, which ro- 
tates with the dome— so smoothly that 
iiders on it, not realizing they have been 
put in motion, exclaim, 'The telescope 
is turning^"’ 

On finally leaving, the visitor will pass 
the mezzanine floor, perhaps without 
being aware that it is theie. In the vesti- 
bule on the ground floor he may not even 
note an inconspicuous door leading to 
the giound-floor spaces. No door is 
shown on the plan drawing, but the 
door that is there is a fact, not a tlieory, 
and it is kept locked. However, for the 
purpose of this itinerary, let us not de- 
scend born the visitois' gallery but, 
instead, use Poiter^s master kev to all 
the locks at Palomar, and walk to the ob- 
serving floor tlnough a door in the side 
of the gallery. Then: 

At 1 is to be a physical-measurements 
room. 

At 2 is an automatic elevator. 

At 3 are switchboards for the main 
electi'ical distribution. There are also 
tiansformers, motor generators, and a 
battery-charging panel. 

At 4 is the constant-frequency room. 
Here the electric drive of the telescope 
is initiated and conti oiled in frequency 
by a vibrating-string Warren time stand- 
ard within an accuracy of less dian one 



Structure of three stories within the dome of the 200 -inch 


EXCEPTIONAL VALUES 

RONCHI GRATINGS 

lUO line pel inch iiiling on 214 " s 2^4" film 1" 
\ 1" iiiled aied Black and white, .shaiply de- 
tiiied Two rulingh may be used foi excellent 
demonsriatioii of inteifeience phenomena $1 00 
pel him 2 foi $1 50 

ACHROMATIC KELLNER EYEPIECE 


Fiencli foiiimla ii'^ing tuo 
doubletfa e." EFL. (15x) 
medium A\ide field, sharp to 
the veij" edge Excellent color 
tonectioii mounted in alum- 
rimni ban el, black anodized 
inside and out Non leflOLting 
(*ap of fall away type 
on $7.50 

CEMENTED TRIPLET EYEPIECE 

1" EEL cemented triplet (solid) type, highest 
light tiaiiismission thiough miuimum glass 
thickness Mediiim \\ide field, sliaip to the 
vei'v edge Excellent toloi coiiectum Counted 
in noU'ieflecting cap ot lapeiiiig type OB. 
$7 50 

3 ELEMENT 

ACHROMATIC EYEPIECE 


Six lenses ' Finest * eyepiece e\ei made any- 
uheie. Our greatest biu to date. Made of Ihiee 
•separate achiomatie elements (ilhistiated). All 
outside buifaec's fiuonde coated In focusing 
mount (43 mm \ elcar aiieituie, flat 

held to edges. Focal length (32 nim.) 

fSxJ angle Outside diametei of mount 

(o4 mni.) Each $15 00 plus postage The 
ahine with BTSHING to fit ataudaid lU" eve- 
piece tubes $18.00. 

MICROSCOPES 

Used. Guaianteed in excellent op- 
tical and mechanical condilion 
Ready to use t^tandaid size Bauseh 
ic Lomb^ Spencer, Leitz, etc* 

2 Objectives, 2 Oculais, poweis 
dOx, lOflx, 270x and 4*>0x w 
$65 00 net Above plus oil-im- 
ineision lens givmg added OOOx 
and lOOOx and also including 
Abbe coiideusei ^ $125.00 net 
Expiess Collect. 

STAR DIAGONAL 


Fits standard 1^4" 
tube, takes, 114 " eye- 
piece Precision tpial- 
ity thinughout. Pi ism 
IS fine (luality fluoude 
coated. Finished in 
1)1 ahs and black. Makes 
foi convenient ovei- 
liead viewing ot stars with refiactoi $12,00. 

POLAROID 

(leiiiune Polaioid 
mounted in opti- 
cal glass. 3'" (72 
nun 1 discs per- 
j fet't tor every use 
iti pluitography, 
. physics, petrolo- 
gy, chemistiy, etc $1.25 each nr 2 for $2.00 
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nr 2 for $1.00 
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^ 3X ELBOW TELE- 

SCOPE — 

nfatic Objective, 
Ainicl Prism Eroet- 

7/^"^ Adironfatic Eye and 

Picia liom Small. 
^ compact, light 

weight 2 lbs. Govt Cost $200 Our Price 

OPTICAL PEEP SIGHT— Use 

as camera view ilndor, etc Image 
M appears on bullbcve reticle No 
parallax for any distance Same 
giSa^jn « principle commercially used by 
mMiSM W'i m shotgun sight mfg Bia 37 mm 
if Weight 1%'Oza Government cost 

Our price Postpaid. $1*50 

40 POWER 

telescope 

Coated Optics 


$ 42 * 


40X— WONDER- ^ BJL ff 

FU L for Astronomy &m 

SOX— SUPERB 
for Long Distance 
20X— EXCELLENT 

^Spotting Scope , 

lOX— FINE for Close Study 

FOUR TELESCOPES in ONE ^’^VSv 

because of Adjustable Power Eye- 

piece (Not War Surplus.) One of 

tlio Finest Pretlhion Americaii'-matle ^ 

Telescopes Achromatic Objeetivo Lons 

2\ii'' diameter Leagtli closed. G’/i", upon, 

27 Va". Genuine Leather covered Weight, 28 ozs. 

© ACHROMATIC TELESCOPE OB- 
JECT! VES— Perfect MagnoHlum Flu- 
oride Coaled and cemontod govorn- 
nient surplus Aihioniats ifado of 
finest Crown and Flint optical glass, 
are fully corrected and have tremend- 
ous rcboUing power Guaranteed well 
suited for Astronomical Tolescopea, 
Spotting Scopes, etc. 


riOm/m 

73iii/m (2%") 
7am/ni (3") 
Slin/m (SiVO 


FOaAL LUNOTH 
600m/m (23^^') . 
876m/iii 

381 m/m (15") 
C22m/ra (24%"). 


EACH 

$12.50 

$25.00 

.$19.00 

$22.50 


8 Power Elbow Telescope ^ 

Tremendous Wide An- 
gle Evepiece makes 
% this ideal as finder 

far astronomical tole- 
scopes, apparent field . 
/if of view 7 0° Objective 
iff IVb" Diameter. Amici 

Frectlug System Brass 
IkST construction, weight 28 

oz. Small, CorapacL. 

, , , , X 4-Ki" X iV/' 

lias graduated crobsline reticle with lamp housing , 
to illuminate reticle The TeloBcope contains a 
short focal length Eyepiece, EFL 002" which 
has r» lenscb. By far, one of the FINEST BUYS 
we have been privileged to offer to date manu- 
factured hv Bausch ^ Lomb. 

ABMY USED $18.50 

BltAND NEW (Government Packed) ,,$27.50 

RIGHT ANGLE PRISMS, for direct positive 
photography or astronomical telescopes 


8 mm Face . 
23 mm Face . 
30 mm Face”^. 
38 mm Face . 
47 mm Face . 


ea.$ .75 , 
ea. 1.25 
ea. 1.75 
ea. 1.75 
ea. 3.00 
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27 POWER SPOTTING SCOPE LENS SET. 

Consists of Big 56m/ra (2,5*,^) Dla Coated Objec- 
tive Lens, 2 Prlaras. Eyepiece Lenses. Instructions. 
All optics cemented and Perfect or near^. , 
Perfect Set$1 5.75 

KOBACHROME PROJECTOR LENS SET for 

^Sci/m slides I includes 2 Achromatic Projection 
Lenses. 2 Condensing Lenses. Heat Ab- 
sorbing Gloss and Insfa^oti0ns...„.^.,„. . $3.10 


“MILLIONS” n Unus, ,ete. ; 
Send stamp for "Bargain” LisL 

WE PAY THE POSTAGE 


tenth second a day. On a central table pounded with rust inhibitor, at the rate 

stands a metal tilpod a foot high. From of two and a half gallons a minute and 

it is suspended a wiic a few inches long at 290 to S18 pounds per square inch 

and held taut at the bottom. Attached pressme, through the oil pads of the 

crosswise halfway up the wire is a small telescope bearings, so that the telescope 

peimanent magnet, one end of which floats on a .003- to .005-inch-lhick film 

projects into a pickup coil connected to of oil. 

the grid of a vacuum tube, the other into Finally we come to the ground floor 
a driving coil connected to the plate of where the astronomers work and rest, 
the same tube. The wire is tightened Room 1 is for storage, 

from below to vibrate at 60 cycles per Rooms 2 to 7 are astronomci s’ working 

sidereal second. The current generated offices. 

by this unit, its blurred bowstring vibrat- Room 8 is for physical measurements. 



Arrangements for adjusting the 2004nch in altitude and azimuth 


ing softly throughout tlie night, is ampli- Room 9 is for photographic develop- 

fied to run the one-twelfth horsepower ing. 

driving motor of the telescope. At 10 is the elevator. 

At 5 is the storage battery room, If At 11 and 12 are large and wonder- 

the Diesel motor generator at the observ- fully equipped darkrooms 
atory power plant should fail, the bat- At 13 is the ammonialing room for 
teries would automatically take over. plates, and Room 14 is for plate storage. 

(There is no power-line connection be- At IS is the fan room with air-con- 

tween Palomar and the outside.) ditioning machinery, a refrigerating 

At 6 are the telescope relay panels, compressor (120,000 B.T.U. per hour), 
a maze of apparatus. Room 16 is to be a chemical labora- 

At 7 and 8, opening only on the out- tory, and Room 17 a physical laboratory, 
side stairway to the visitors gallery, are At 18 is the entrance vestibule, 

rest rooms. At 19 is a rest room. 

In Jhe open on liie same mezzanine At 20 is the staff’s library. 

Aoor are th^ oil tanks ajid pumps that At 21, spacious and comfortable, is the 

^ oonstandy for c0 lubricating oil copi- lounge, an all-night clubroom for relaxa- 






tion between astronomical labors aloft 
and for conversation. 

The fabricated steel telescope base 
frame (see ground floor plan) is TSla feet 
long, 35M feet wide and 22 feet high 
(the measurements are made over beam 
centers). It resembles a span from a 
tlirough-type raili'oad bridge, and a 
check shows that it is about five feet 
wider and five feet lower than such a 
bridge. 

It is fun to crawl from the adjacent 
storage space back into die dusty, dim 
places behind and beneath this base 
frame, explore its legs, and study the 
provision for adjusting the telescope in 
altitude and azimuth. Since several to 
whom these outsized adjustments were 
described have suspected that their owm 
legs were being pulled (^‘Too big a tele- | 
scope for that sort of thing”), Russell ; 
Porter was invited to make a plan and 
elevation drawing of the adjusting facil- 
ities; 

The arrangements differ in no basic 
way from those under amateurs’ tele- 
scopes. For azimuth adjustment there 
is a 12-inch pivot ball at the southwest 
corner of the base frame, and imder the 
remaining corners are 24-inch rolling 
balls of tool steel. For altitude adjust- 
ment there are jacks and wedges. Only 
one half of the 12-inch pivot ball is 
needed or used (see drawing on oppo- 
site page), while the 24-inch rolling 
balls, since they need roll only an inch 
or so, are cut away to posts six and a 
half inches in diameter with spherical 
tops and bottoms. 

The base frame is restrained from 
rolling all over Palomai* by the azimuth 
screw adjustment at the northwest cor- 
ner of the base frame. Byron HiU, the 
superintendent of construction at Palo- 
mar, says it was easy with his transit to 
spot the base frame at the outset within 
one minute of arc of the earth’s meridian 
plane (one eighth inch, plus or minus). 
A long-handled wrench permits one man 
to move tlie 1,000-ton weight and com- 
plete die adjustment by means of the 
push-pull screws shown on the plan. 

The four base-frame underpinnings 
rest on concrete piers m holes excavated 
25 feet in the Palomar granite This was 
done in older to diminish transmission 
of vibrations from the- piers of the dome, 
wliich are only four feet deep. 

The altitude and azimuth adjustments 
may be used again in the future. Palomar 
Mountain is a part of a fault block of 
the earth, about five by 15 miles in 
dimensions, with the active Aguanga 
Fault about two and a half miles to the 
northeast, the possibly active Elsinore 
Fault five miles to the southwest. As this 
fault block, which might be regarded 
as the telescope’s lower “base frame,” 
may be disturbed from time to time, its 
own azimuth and altitude angles may 
change a litde. Readjusting the telescope 
after such events will not be a difSc^t 
job. 


MAKE YOUR OWN 
HI6H POWERED 

REFLECTING 

TELESCOPE 

FOR ASTRONOMICAL AND TERRESTRI- 
AL OBSERVATION— IN 2 HOURS OF 
EASY WORK. COMPLETELY FINISHED 
OPTICS— 125 PDWER $6.50 

The optics are completely finished emd 
reody to mount in a tube. The tube moy be 
metal, plastic, or even cardboard. The 
telescope can be completed^ in one evening 
ot easy work and will provide a source of 
never ending pleasure. With it can be seen 
the rings of Saturn, Moons of Jupiter, 
Phases ot Venus, hundreds of mountains and 
craters on the moon, etc. The 4-inch diom- 
eter mirror has been ground and polished 
from a thick plate of optical glass to extreme 
accuracy and then hard aluminixed for high 
reflectivify and great durability. Also in- 
cluded are several eyepiece lenses giving 
mognificotions of 25X, SOX. 75X. 100X, and 
125X, a standard IV 4 inch diameter eye- 
piece, an optically flat mirror for erecting 
the image and viewing terrestrial objects, 
an eyepiece tube, on optically fiat alumin- 
ized diagonal, and instructions, all for only 
5 ^. 50 . 

Immediate delivery. We pay the postage. 

Dept. 2K. 24 West 45th St., New York 19, N. Y. 




CALCULATIONS 

T T r i ' I I n Of all kinds can be easily 
I 1 ' 1 * I solved on the 

BINARY CIRCULAR 
fTHTirFf? SLIDE RULE 

19 8 7 6 This rule will iiuickly solve the 
nTmillillUrn * 1 1 1 / 1 IT siinple'-t as \>ell as the more 
‘ ‘ ‘ ‘ ^ I ^ difficult problems ^n\olvln5^ 

TJ 


cr^m|iiiYri i tjy 


ealpulation^ in Arithmetie. 
Alsebra and Trigonimietrj. 
Any number of factors can Tie 
handled in long and dliheult 
calculations. The C hcale of 
the Binary is 25 inches long 
with graduations 25^ further apart than those of a 
20-iiKh slide rule The Cl. A, K, ic Log scales 
are divided a-, closely as a 2 0-inch slide rule Log-Log 
'icale ei.iciuK from 1 0013 to 1,000,000 Gives Trig, 
functions from 0 to HO degree-* on back. Engine-di- 
vided scales on vrlute coated aluininunu Permanently 
accurate Dia, 8^,2". Pnqe 17 23 in case, with instruc- 
tions .approved at leading Lniv Used by many large 
llrnii. in the U S 


MIDGET 

CIRCULAR SLIDE RULE 

Similar to Binary, has C, Cl, A, LL and Binary scales 
C scale is 12" long. Tng. functions on back Approved 
at schools and le.iding Univ Ideal for Students and 
beginners, or for pocket use. Half million sold. Price 
!52 oO in case with instructions. Made of metal. 


ATLAS SLIDE RULE 

I The Atlas Slide Rule will 
I quickly solve problems in 
Multiplication, Division, 
and ProiMirtion and give 
results With, a maximum 
error of leas than 1 in 
ao.OOO. The Atlas has two 
C scales. One Is 25" long 
■pjTTTmr and th® second one is a 
-I^^ I I J A „ spiral of 30 coils. This is 
equivalent to a straight 
TTTn rule GO ft. long and gives 

i answers to 3 figures 

^ 777 ^ Accountants. Chemists, 
Physicists and Engineers 
have found this rule In- 




valuable for Its great ac- 
Tltid * r>' * curacy Dia. Easily 

. ■ • n 1-1 1 portable. White coated alu- 

^ * Asa * ' ‘ H * ST' mlnurn with legible black 
scales. Price 89.00 In case 
With instructions 


ComliinatioA Aflas-Binarx Slide Rtiie 

Has Atlas scales on one side, with 2 Indicators, Binary 
scales on reverse side with 2 indicators Made of metal, 
permanently accurate. Price $12.00 in case with in- 
structions. 

We have many thousands of unsolicited testimonials 
on these rules Descriptive circulars free. Satisfaction, 
guaranteed. 

GILSON SLIDE RULE CO. 

Bqx 993 SA, Stuart, Fla. 

Slide Rule Makers since 1915 


WAR SURPLUS 
RARGAINS 

GOVERNMENTS 7 x 50 BINOCULARS 
ASSEMBLE THEM YOURSELF! 
Complete Optics! Complete Metal Parts! 
Save More Than ^2 Regular Cost 


METAL PARTS— Set 

includes all [Metal Parts 
— completely finished — 
fur assembly of 7 y 30 
Binoculars. No machin- 
ing rciiuired- A -turdy 
Binocular Carrying Case 
IS optional with each set 
of Metal Parts. 

Stock ±:842.S $39.40 

Postpaid pius $4 SO for 
Case — Total $44.20 


OPTICS — Set iniluiles all Lun'ie^ and Prisms you need for 
a^^enibling 7 \ jtl BinuaiLir'. The-c Optus are in <‘\t.ellent 
londition — perfect or near peifect — and hare neiv Ion re- 
deitiun Luanng 

StoclC :25I02-S 7 X aU Optics $25.00 Postpaid 

(These are standard American'tnade parts ... not 
Japanese^ French or German,) 

NOTICE’ Add Federal Excise Tax to above prices if 
you order both Binocular Optics and Binocular Metal Parts, 

ARMY’S 6 X 30 BINOCULARS 

COMPLETE OPTICS & METAL PARTS— Model H-I3AI, 
Waterproof Model, 6 x 30 Binoculars. Everything sou need 
— ready fur assembly. When finished will look like a regular 
factory job costing ?1()2 to Slid The Optics are nevL, in 
perfect or near-perfect condition Have new low reflection 
coating- Metal part', are new and perfett. all coniplerely 
finished No inaLliining reduircd Complete assembly in- 
structioiH included 

Stock ;:830-S . . $40 00 Postpaid 

plus $8.00 tax — Total $48 00. 

MOUNTED ANASTISMAT LENSES 

T'se for Projectors, Enlargers, Copying C uueras. Complete 
with Shutter and Diaphragm Value about SJO An excellent 
buy WILL INCLUDE FREE ILLUSTRATED 

BOOKLET on HOW TO MAKE YOUR OWN EN- 
LARGER 

Stock ~80Q4-S Speed f;7.7, focal length approx 127 mms. 
Suitable for pictures, negatives, positives up to 3*/2"x4‘/4". 

$7-50 Postpaid 

Stock #8006-3 Speed of i/7 7, focal length approx. 100 
mms. Suitable for pictures, etc. up to 2'M"x3t4". 

$8.50 Postpaid 

CONDENSING LENSES— Seconds, but suitable for En- 
largers and i^putlifejits 

Stock 1061-S e*/-" dia., 9" F.L. . $2 50 Postpaid 

Stock ^i-lOSO-S 5'^ dia., 7" F L $1.00 Postpaid 

Stock ^i-1084-S 2'/a'' dia . 4" F.L. . $1 00 Postpaid 

8 POWER ELBOW TELESCOPE 

Gov^t Cost $200,001 Our Price $17,501 

Big 2^' diameter objective All len'-es Achrumatic. Auiici 
prism erects the image. *1 huilt-lii filters — tlcar, amber, 
neutral and rod Slightly used eondltinn but all guaranteed 
for perfect working order. Weight lbs. Can bo earned but 
a trifle bulky Eveellcnt for finder on Astrojiomieal Tele- 
scope, 

Stock ;=943-S ... . $17 50 Postpaid 

20X PRISM SPOTTING SCOPE SET— Consists of all 
lenses and prisms (slightly chipped) you need to make a 
good, standard 2bX Spotting Scope, Low reflection coated. 
57 mm. dia Aehrifmatic objective Some ^letal Parts in- 
cluded We furnish directions. 

Stock :?5I45*S . ... -$22.00 Postpaid 

(Also surplus Iliflescopes — ^Wrlte for Bulletin IS-S) 

TELESCOPE EYE.PIECE— Coii'ilst'f of 2 Achromatic 

LenNtb, r L 2s nmi ami a metal mount 

Stock ^5I40*S . . -$4.50 Postpaid 

SLIDE PROJECTOR SETS — Consist of all unmounted 
lenses you need to make the following size projectors' 
Stock ^^4038-8 2'/4 ''x 2>/4'' . . , $3.35 Postpaid 

Stock 5:4039-8 2''2"x3f/2'' - . $3 35 Postpaid 

Stock ■?4029-S - 35 mm . - . . $2 85 Postpaid 

35 MM KODACHROME PRDJEOTING LENS SET-. 

Consists of a mounted projeeting lens, heat abborbing glass. 

2 condensing lense^^. 

Stock ^Sr4035-S $4.85 Postpaid 

Army Air-Force ASTRO COMPASS (Not a magnetic eoni- 
pass) UhOd as a means of indicating heading of aircraft 
from position of stara Excellent for amateur astronomers. 
Govt cost about $100 Used but in good condition. 

Stock ?:944.S $8.00 Postpaid 

6 POWER PERISCOPE and ADJUSTABLE TRIPOD. 

27" long Foeusing eye-piece Adjustable cm or for objective 
end. Govt- cost $150, Tripod and mount worth more than 
purchase price. 

Stock #717-S $20.00 f.o b. Audubon 

WE HAVE LITERALLY MILLIONS OF WAR SUR- 
PLUS LENSES AND PRISMS FOR SALE AT BAR- 
GAIN PRICES. WRITE FOR CATALOG — 
SENT FREE. 

Order by Stock No. * Satisfaction Guoronteed 

EDMUND SALVAGE CO. 

P. O, AUDUBON, NEW JERSEY 





THIS MAY BE THE 



MESSAGE YOU’VE 
EVER READ! 


S uppose someone pointed a finger at you right this minute and 
said* "You need an X-ray 1” Chances arc you’d think there 
was some mistake. After all you fed pretty well. Why on earth 
should yon need an X-ray ^ 

Yet, an X-ray can mean a longer life, and a happier life, for 
you or for your loved ones. 

Your chest, very likely, is in perfect condition. If so, you’11 
feel wonderful, knowing that you have no slightest sign of tuber- 
culosis. You’ll be glad to know that you are not endangering the 
health of other members of your family. 

But if your chest is not in perfect condition, you’ll v/ant to 
add years to your life by having this information — You’ll 
benefit by early diagnosis — ^in time for steps to be taken in arrest- 
ing or curing this disease. 

You owe it to yourself and to your family to have your chest 
checked Don’t pass up this opportunity. Make a date to have your 
chest X-rayed. 


"V 


Check your Chest 
Get an X-ray Today! 


See Your Doctor^ Tuberculosis 
Association or Health 
Department 
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BIBLIOmPHl 

Readers interested in further reading 
on the subjects covered by articles in this 
issue way find the lists below heljyfuL 
The lists are not intended as bibliogra- 
phies of source mateiial for the ai tides 
The references selected will piovide suj)- 
plcmentai y infonnation. 

THE OFFICE OF NAVAL RESEARCH 

L 

Science and Public Policy. Vol IR 
The Federal Research Prograai A 
Repoit to the Piesident. John R. Steel- 
man U. S. Government Printing Office, 
1947 


TRIAL BY NEWSPAPER 

The Analysis of Communication 
Content. Paul Lazar sf eld and Bernard 
Beielson. Columbia University, 1948 
The Psychology of Newspapers, 
Fi\E' Tentative Laws. Goidon Willaid 
Allport and Janet M. Faden in Public 
Opin'on Quarteilip Vol. 4, pages 687- 
703; 1940. 

Newspapers and the News An Or- 

[ECT1\ E ME‘VSURElvrENT OF EtIHCAL AND 

Unetiiicvl Behavior by Representa- 
tive Newspapers. S M Kmgslmry, 
H. N. Hart and otheis. G. P. PuLnain’.s 
Sons, 1937. 

THE MECHANISM OF LIGITPNING 

Pi-nsics OF THE Air. W. J. HumphieyiA 
McGraw-I-Iill, 1929 

The Mechanism of the Electric 
Spark. L. B, Loeb and J. M. Meek. Stan- 
foid Umveisity Piess, 1941. 

Fundamental Processes of Elec- 
trical Discharge in Gases L B. Loeb. 
John Wiley and Sons, 1939. 

TRACERS 

Radioactu'e Tracers in Biology. 
M. D. Kamen. Academic Piess, 1948 
The Dynamic State of Body Con- 
stituents R Schoenheimei Plarvard 
Univeisity Press, 1946. 

MICROSEISMS 

Microseisms in New England* Case 
History of a Storm. L. Don Leet in 
Geophysics, Vol. 12, No. 4, pages 639- 
650; October, 1947. 

TEMPERATURE AND LIFE 

Animal Life in Hot Springs. C. T. 
Brues in Quaiterly Review of Biology, 
Vol 2, No 2, pages 181-203, 1927. 

Heat Death, Heat Injury, and 
Toxic Factor. L. V Heilbrunn and 
others in Physiological Zoology, Vol. 19, 
No 4, pages 404-429; 1946 

THREE MYSTERIES OF EASTER 
ISLAND 

Island of Death Werner Wolff. J. J. 
Augusta, 1948. 
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Molecular AfBnity 


The phenomenon which causes molecules 
of different compounds to associate in 
varying degrees is the key to delicate 
chemical separations. 

Selective odsorption. by Davison silica 
gel, is a process whereby this 
primary chemical phenomenon is made 
commercially practical. 

Scientific Observation: Davison silica 
gel possesses the unique ability to adsorb, 
selectively, different components in 
varying degrees. Solutions of different 
nnolecular composition brought into 
contact with it are separated because its 
affinity is greater for some than it is for 
others. The components selectively 
adsorbed are held on the porous surface 
of the silica gel with varying degrees of 
tenacity and capacity. Desorbent mate- 
rials release the components individually, 
providing a yield of separated, relatively 
pure compounds. 







Application Examples: Isolation of pure 
hydrocarbons for control purposes; separa- 
tion of antibiotics, recovery of aromatics in 
petroleum processing, 

A program of customer education and serv- 
ice is the vehicle by which Davison's ad- 
vanced chemical engineering is made avail- 
able to industry. 


THE DAVISON CHMAl CORPORATION 


PftaSRfSS THRPU©H CHfi^tSTRY, BALTIMPRE3. MD. • PIONEERS AND DEVELOPERS OF SILICA 
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"o/' a 6r/^/?-fer 

p/cfare 0/7 ^our ■/e/eiz/s/ofi scree/} 


The screen on which you are ac- 
customed to seeing television is 
the face of on electron tube— on 
which electrons “paint” pictures 
in motion. 

And the size of the picture, unless 
projected, is determined by the size 
of the tube. 

Working to give you bigger, 
brighter pictures, RCA engineers 
and scientists developed a new 
way to make large, direct-view 
television tubes. They found a 


metliod of “welding” large areas 
of glass and metal . . . while keep- 
ing a vacuum-tight seal ! 

Using this development— ideally 
suited to mass production — RCA 
can now build television tubes of 
light, tough metal . . . using polished 
glass for the face, or "screen.” 

An achievement of research 

Development of this new tele- 
vision tube is a continuation of 
basic television research which 


began at RCA Laboratories. Such 
leadership in science and engi- 
neering adds value beyond price 
to any product or ser\ice of RCA 
and RCA Victor, 


Examples of the newest advances 
in radio, television, and electronics— 
in action— inay be seen at RCA Ex- 
hibition Hall, 86 West 49th Street, 
New York, Admission is free. Radio 
Corporation of America, Radio Citfj, 
New York 20. 




rt/or/cT /~ecfc/er }n l^ac//o — T-rrsf in ’Te/ey'/s/on 


New E.CA 16-incli direct-view tele\'ision 
tube fills gap between popular 10-inch 
tubes and the piojection-U^e receners. 











ACETYLENE CHEMISTRY 

JULIUS WALTER REPPE 
PB Report— 18852-s 

★ ★ ★ ★ 

1+ gives us great pleasure to an- 
nounce consent of the OFFICE 
of TECHNICAL SERVICES, DE- 
PARTMENT of COMMERCE, in 
Washington, D, C. for the privi- 
lege of editing and publishing 
P. B. Report 1 8852-s. For refresh- 
er details regarding Reppe 
Acetylene Chemistry may we re- 
fer you to CHEMICAL & ENGI- 
NEERING NEWS April 14, 1947 
issue, pages 1038-1042 and also 
the January, 1949 issue of SCI- 
ENTIFIC AMERICAN on 'The 
Arrival of Acetylene.'* 

The report reference as listed in 
November, 1948 issue of Bibli- 
ography of SCIENTIFIC and IN- 
DUSTRIAL REPORTS VcL 10. 
No, 5, page 428, covers the fol- 
lowing; 

"Monograph on the recent de- 
velopments in acetylene and 
carbon monoxide chemistry. 
Original document 307 pages in 
length consisting of i. Carbon 
monoxide — Chemical properties 
—•Germany; 2. Acetylene — 
Chemical properties — Ger- 
many; 3. Vinylation — Germany; 
4. Ethylation — Germany; 5. Car- 
bonylation — Germany; 6. Acety- 
lene chemistry — Germany; 7. 1. 
G, Farbenindustrie A. G., Lud- 
wigshafen, Germany.** 

This very important document is 
now in process of publication 
and as a limited number of copies 
will be published (approximately 
500, of which 1 00 are being re- 
served for foreign country con- 
sumption), we would greatly ap- 
preciate your indication as to 
whether you are interested. We 
are asking this in order to hold 
one or more copies for you, 
should you desire them. The 
price of this book will be $10,00 
and will be ready for distribu- 
tion on or before April 15, 1949. 

★ ★ ★ ★ 

CHARLES A. MEYER & CO^ INC. 

Transfaftpns and Tedint^:,Puh{iMions 

Grand Centro! Termlnai Bfdgr 

25 VwdertilH Ayeaue New Yirtt t7, i T, 




Siis. 

Congratulations on the aiticle, “The 
Oedipus Myth,” by Eiich Fromm, in 
your January isrue. It makes a contribu- 
tion to many c '^nt aspects of social 
and humane For one thing, it 

enriches twice-told tales by seeing mean- 
ings in them which still have bearing. 
The Broadway play Medea would have 
struck its audience as less remote— as less 
merely “a fine vehicle for Judith Ander- 
son” as one friend put it— had it been 
seen as dealing with the undying con- 
flict of matriarchal-blood and patriar- 
chal- authority themes. 

For anothei thing, the article’s mode 
of analysis renews our interest in the po- 
tentialities of understanding certain his- 
torical developments in terms of the 
changing role of the sexes. This is neither 
the economic struggle, as Engels was 
tempted to see it in The Origin of the 
Famihjy nor the sex struggle tor access 
to the mother, as Freud so largely saw 
it; but as Fromm sees it, sex relations 
both reflect and peipetiiate the particu- 
lar authority structure, the mode of 
thought, indeed the whole quality of the 
society. One might ask, for example, 
whether the United States is actually as 
“matriarchal” a country as observers 
often assert when so many ol our human 
relations resemble Creon’s methods, and 
even style of speech, rather than Antig- 
one’s. In the American middle classes, 


Scit'niifit' Amerit'aii, 1919. Vol 180, 
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Jr , \ice president and Ueasuier. Entered at the 
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LETTERS 

children aie oiten not so much respected 
for their individuality— as one would find 
in some more “matriaichal” cultures— as 
deferred to for their nascent role as ar- 
biters of the new and carriers of the 
family’s hopes foi advancement. 

Finally, the article suggests a peispec- 
tive on the future. It giants the need and 
value of an advance from the limited 
blood ties of the matriarchal level of so- 
cial organization to the broader, and 
therefore necessaiily more abstract, ties 
of economy, polity, and ideology which 
are associated with the change to a moie 
patriarchal society such as our own. But 
it also asks: What would our society look 
like if it succeeded, without organiza- 
tional regression, in recaptunng some- 
thing of the outlook-humane, concrete, 
equalitarian, and sensitive— which 
Fromm describes as typical for matriar- 
chy? 

DAVID RIESMAN^ 

Law School 
Yale University 
New ITaven, Conn. 


Sirs: 

In commeut on Erich Fromm’s article, 
“The Oedipus Myth”: 

The ideas set forth are ol utmost im- 
portance, not because they present a 
plausible and, to the anthropologist, a 
consistent reinterpietation of the Oedi- 
pus theme in our society, but because of 
the view they hold for man’s destiny. 

Freud doomed man to liis instincts 
and, if traced far enough, also doomed 
man to conform to the society in which 
he was born. Not only is this view a static 
one, inconsistent with progress— and man 
has progressed— but it presents a situa- 
tion in which there are no outs for man 
and little hope for the future. Fromm 
makes the point that man’s salvation lies 
in himself and that he is not bound by 
man-made rules. The implication of this 
line of reasoning will not be fully appre- 
ciated for some time to come. 

There aie other important aspects of 
Dr. Fromm’s article which your readers 
can ferret out for themselves, and I hope 
you continue to carry articles b}’ him. 

E. T. HALL, JR. 

Bennington College 
Bennington, Vt. 


Sirs: 

In your December article on alcohol- 
ism from the biochemical standpoint, by 
Boger J. Williams, the author moves 
from individual human variation in sus- 




What GENERAL ELECTRIC People Are Saying 


WILLIS R. WHITNEY 

Honorary Vice President; 

First Director of Research Laboratory 

Raay Maierial Is Infinite: All 
this (the new Laboratory) is a 
simple logical outcome of industrial 
scientific progress apparent all 
along. It is nothing compared with 
the opportunities of the future. 

I see all these youngsters in re- 
search around me now, and think 
of the prospects they have before 
them for understanding and har- 
nessing nature. The stock of raw 
material is really infinite. The diffi- 
cult thing is to find out how to make 
it useful. What most people donT 
see. can’t seem to see. is that if you 
have an infinite supply, then any 
part of that infinity is infinite, too. 
Research is like a tree that broadens 
out as we look up from its base. 

Truth is that wffiich someone 
discovers and describes as well as he 
can so that someone else can at- 
tempt to reach the same goal, and if 
there is repeated success by others, 
then we can say we have a grasp on 
‘some portion of the infinite. 

Opening of first section, neiv Research 
Laboratory, Schenectady, N» 1'., 
December 2, 1948 

★ 

E. F. W. ALEXANDERSON 

Consultant, General Engineering & 
Consulting Laboratory 

Rvmo Echo: Radar is an exam- 
ple of the type of invention which 
appears inevitably at a time when 
there is a demand for it. The 
scientific background was there, and 
the demand for it was War, or prep- 
aration for War. It is impossible to 
say who invented it first; it sprang 
into existence in several countries 
simultaneously. I am definitely not 
one of those who claim to have in- 
vented radar, but I can tell the 
story of how I came pretty close to 
it ten years earlier — and missed it. 

There was a demand for a method 
to measure the height of an airplane 
over the ground, and experiments 
were made by ground echo. There 
were several — and I was one of them 


— who had the idea that the near- 
ness to the ground would modify 
the electrostatic capacity between 
a radio antenna and the airplane. 
This idea proved to be impractical, 
but on experimenting with it, I 
stumbled on another idea by acci- 
dent. 

The apparatus was installed on 
an airplane, and ^ ^tried to find 
changes of the >a tuning due 

to the proximity of the ground. The 
expected effect was not there, but 
instead I observed a periodic in- 
crease and decrease of the instru- 
ment indication when the airplane 
was continuously ascending or con- 
tinuously descending. This gave me 
the idea that we had a standing- 
wave pattern due to the echo from 
the ground. I then looked for the alti- 
tude distance between successive 
maxima and found that they were 
exactly half a wavelength of the 
radio frequency which we used for 
measuremenl. Then I told my col- 
laborators: ^"Now I am going to 
tell you the successive altitude levels 
if you observe the barometric alti- 
meter and cover it so that I cannot 
see it."’ We went up and dowm 
several times, and I called out the 
altitude levels coirectly. 

Royal Technical Unii'ersity, 
StocJdiolm, Sweden, 
October 7, 1948 

★ 

C. G. SUITS 

J^ice President and Director of Research 

Endless Frontier: It is clear that 
the United States is acquiring a 
great stake in the future of scientific 
progress. The stage is being set with 
great care, most of the actors know 
their lines and some exciting scien- 
tific drama is in the making. That 
American scientists will play a lead- 
ing part in World Science is very 


clear, for these great strides forw^ard 
have been» made against a back- 
ground wiiich has been largely 
stationary or receding, in the rest 
of the world . . . 

No clairvoyance is required to see 
that American science is acquiring 
tremendous momentum. The next 
few years will certainly bring a flood 
of new" scientific facts to replenish 
the stockpile from which we drew 
so heavily for the defense of the 
nation a few" years ago. In spite of 
the tremendous efforts which have 
gone, and are going, into research, 
science still presents an endless 
frontier to challenge future genera- 
tions of pioneers. 

Edison Pioneers, East Orange, N. J. 

February 11, 1949 

★ 

H. A. WINNE 

Vice President in Charge 
of Engineering Policy 
Chairman of Nil cleoriics Committee 

No Unreasoned Fe vr: How- many 
of us really know what happeus — 
from the standpoint of physics 
and chemistry — when we light a 
fire or wRen w’e turn on an electric 
lamp? Yet w"e know- wdiat fire and 
electricity can do; we know^ their 
possibilities and limitations; w^e 
know how^ to use and control them. 
We realize their possibilities for 
harm — their dangers — but %v"e know- 
how^ to protect against them, ami 
w"e do not have an unreasoned wild 
fear of them. 

The same can be true of atomic 
energy, and each of us can then draw 
his own conclusions as to its prob- 
able economic and social effects, 

Syracuse University Alumni Association, 
October 21, 19 Rl 
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The device you see pictured here is an 
automobile light switch which controls 
parking and driving lights Probably few 
motorists have ever seen such a switch, 
because the body of it is concealed under 
the dash or back of the instiument panel. 
People see only the knob. Because the 
operation of such a switch is so simple 
and reliable, probably most people think 
it IS equally simple in design 

The fact is, however, that its simplicity 
and reliability of operation are protected 
by design and materials that foresee the 
conditions and contingencies of use. This 
is typical of a great many products which 
are taken for granted 
by people who never 
realize how much fore- 
thought has been given 
to the creation of hid- 
den values that assure 
satisfaction. 

Take the matter of 
selection of materials 
The switch uses steel 
in several types and 
forms, brass, phosphor bronze, silver, 
canvas base bakelite, a felt washer to 
exclude dust, a plastic, and if you in- 
clude the fuse, lead and glass. All told, 
there are some 20 main parts. Of these, 
four are made of Revere phosphor bronze, 
used for contacts, contactor, and rivets, 
these being the parts m which the special 
qualities of phosphor bronze are essential. 

The fact that the use of Revere phos- 
phor bronze is confined to four small 
parts illustrates a basic Revere policy, 
which is that we recommend Revere 
Metals only for the purposes for which 


they are better suited If we were asked 
if we would recommend brass for the 
bracket and case, we would say that the 
steel being used is perfectly suitable, 
should last as long as the car, and has a 
minimum cost. 

We like to sell Revere Metals, but not 
to our customers’ disadvantage Our 
Technical Advisors are in constant con- 
sultation with manufacturers and do not 
hesitate to suggest whatever material 
will enhance performance or save money. 
Recently, for example, one of these engi- 
neers found a customer using a phosphor 
bronze for a cover plate, and remarked 
that a certain nickel 
silver ^\ould scive as 
well and cost some- 
what less, since it 
would have adequate 
springiness, strength, 
and corrosion resist- 
ance in that applica- 
tion. On the other 
hand, substitution of 
phosphor bronze for 
nickel silver has been recommended from 
time to time It all depends upon the 
needs of the specific application 

This attitude of Revere's is by no 
means unique, it is to be found through- 
out American mdustiy The one essential 
to make it resultful is that the supplier 
be taken as far as possible into the manu- 
facturer’s confidence, because only then 
can the supplier’s knowledge be made 
available. Every company is entitled to 
use the brains as well as the products of 
the firms from which it buys. Are you 
employing both? 
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ceptibility to what he calls “wide differ- 
ences among racial and national groups.” 
He then goes on to stereotype Ameiican 
Indians and Irish as high m susceptibili- 
ty. and Jewish people as being i datively 
non-susceptible. My point is that his 
theory, which seems plausible enough in 
application to individuals, is anthropo- 
logically unsound in its simphste racistic 
application to gioups 

Kacistic explanations histoiically have 
made their points by eliminating the ef- 
fects of cultiiie on human behavior. Dr. 
Williams should consult Hoi tods '‘The 
Functions ot Alcohol in PiimiLive Soci- 
eties* A Cioss-Gukmal Study” m the 
Qucirterlij Jounuil of Studies on Alcohol 
(Vol. 4, No. 2; Scptembci, 19-13) 
Granted indioidiiaJ variations, the social 
and cultuial function of alcohol (oi 
peyote, betel nut, kava, nicotine) intio- 
duces a selective lactoi which influences 
any statistical data. Obviously, bet ore 
one can weight a lactoi, one must isolate 
a facLoi The acculturatcd Indian, lush 
ot al , lemain unknown cpuintita lively 
and cjualitalively to the biochemist. So 
long as this is tiue, biologistic science 
cannot scieiilifically comment upon them 
as gioups in instances where socially and 
cultmally dcLci mined behavior is in- 
volved. 

What the anthropologist would say is 
the lollowmg. Human groups arc hu- 
man This means they aic social and 
cultuial in natuie and in operation, and 
cultural behavior is not biologically de- 
termined. 


IvIARVINK OPLER 


Chau man 

Depaitmcnt of Authiopology 
and Sociology 
Occidental College 
Los Angeles, CaliL. 


Sii s. 

1 should like to c<ill your attention 
to the lact that the source of one of 
the illus tuitions in youi January issue 
IS not propel ly ci edited. The illustra- 
tion appears at the bottom ol page 37 in 
an article entitled “The Upper Atmos- 
phere ” It was provided by Dr. C. W. 
Gartlein, director of the long-term Na- 
tional Geographic Society— Cornell Uni- 
versity Study of Aurora whicli was in- 
augurated in 1938. Under the heading 
“The Illustrations” m your January issue 
a photograph of the aurora made as a 
part of this program was credited only 
to Dr. Gartlein. Copyright acknowledge- 
ment to The National Geographic So- 
ciety was inadvertently omitted. This 
note is simply to set the record sti*aight. 


Esrecuf/vc Offices: 

230 Pork Avonue, Now York 17, N. Y. 


FRANKLIN L. FISHER 


Chief of Illustrations Division 
National Geographic Magazine 
Washington, D. C. 



SOME MEN WILL WAIT TEN YEARS 
TO ANSWER THIS ADVERTISEMENT 



The Years That Might Have Given Them So Much Will Pass On Forever, Casting Back a Look of S 


corn 


O UR files bulge with letters from men of great 
promise in business whose natural talents have 
been wasted on routine tasks. 

Business, for them, has become a squirrel -cage — 
they work harder t\tvy year but progress no faster. 

Of the thousands of men who will read this mes- 
sage, only the ambitious few will send in the coupon 
which may mean the difference between success and 
failure. But ten years from now, many will wTite letters 
asking for a chance to catch up” on the years they 
have let slip by. 

^Years ago I should have thought about ?ny 
business future. 

^^What a zvorld of difference it zaould have 
made if I had loz'itten this letter ten 
years ago. ” 

put it off — pist put it off.^^ 

These are the lost and discouraged men who were 
content to wait for success; men who had no definite, 
well-defined program which would carry them a little 
closer, each day, to their chosen goal. Delay stamps 
its footstep on the pages of time and always leaves regret. 


Send hr 'TO/?G/NG AHEAD IN BUSINESS" 

For men who want to do something about where 
they are going to be five- ten, twenty years from now, 
the Institute has published a 64-page booklet titled 
"Forging Ahead in Business.” 

This little book lias been a source of inspiration 
and help to thousands of ambitious men. It is sent 
free and without obligation— other than the obliga- 
tion to read it. absorb Us contents and decide lor 
) ourself whether or not you wish to follow the 
program it describes. 

ALEXANDER HAMILTON INSTITUTE 

Dept. 670, 71 West 23rd Street, New York 10, N. Y. 

In Canada: 54 Wellington Street, West, Toronto 1, Ont. 


Alexander Hamilton Institute 

Dept, 670, 71 West 23rd Street, New York 10, N. Y 

In Canada: 54 Wellington Street, West, Toronto 1, Ont. 

Please mail me, without cost, a copy of the 64-page book — ' 
"FORGING AHEAD IN BUSINESS,’^ 

Name 

Firm Name . . 

Business Address 

Position 

Home Address * 



* 
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ARCH 1899. ‘‘The desire of the 
American people to have a canal 
at the islhmus built with their 
own money and operated under their 
own control is very natural and perfectly 
proper. In a recent editorial upon the 
canal question The London Times says. 
'We are quite ready to admit that while 
our interests in the canal scheme are 
large, those ot America are vital/ and 
what is openly and frequently acknowl- 
edged by England is tacitly admitted by 
every civilized people throughout the 
world.” 

“The recommendations foi the in- 
crease of the navy were based upon the 
fact that the Spamsh war has greatly 
multiplied the lesponsibilities and duties 
which devolve upon the navy. With the 
acquisition of Puerto Rico and the Philip- 
pines our vulnerable coast line has been 
extended a thousand miles into the At- 
lantic and six thousand miles into the 
Pacific, and a navy that was scarcely 
adequate to the defense of our own 
mainland must be greatly augmented if 
it is to guard the scattered possessions, 
the thousand and one islands, which 
have come into our keeping as the result 
of the war." 

“A decade ago tlie imports of manu- 
factures were more than double the ex- 
ports of manufactures; now the exports 
of manufactured goods are 25 per cent 
greater than tire imports of manufac- 
tured articles. In ten years exports of the 
articles which we are considering have 
increased from $78,751,433 to $182,- 
336,503, and our magnificent trade bal- 
ance is today the envy of the world.” 

“One of Prof. Koch’s pupils, Prof. 
Wasserman, thmks that he has discov- 
ered a semm cme for pneumonia. Pro- 
longed experiments with rabbits and 
mice have convinced him that an anti- 
toxin is produced in the red marrow of 
then* bones and in the maiTow of human 
beings who have died from pneumonia.” 

“Drs* Lange and Melzing, of Vienna, 
have succeeded in taking photographs of 
the mucous membrane of the stomach in 
the living subject. A stomach tube some 
60 centimeters long and with a diameter 
of 11 millimeters is provided wi& au 
electric %ht at its lower end, and at tihe 


upper end is a camera The stomach is 
first emptied of its contents, and after 
being washed is distended with ah. Then 
50 pictures or more can be taken in i apid 
succession in horn ten to 15 minutes 
The apparatus can be turned on its axis 
so that all parts of the mucous mem- 
brane can lie photographed. The pho- 
togiaphs aie naturally very minute, but 
they can, of course, be enlarged to any 
extent,” 

“A new satellite of the planet Saturn 
has been discovered by Prof. William H. 
Pickering, at the Harvard College Ob- 
seivatory. This satellite is three and a 
half times as distant from Saturn as 
lapetus, the outermost satellite hitherto 
known. The period is about 17 months 
and the magnitude 15h. The satellite ap- 
pears upon four plates, taken at the 
Arequipa Station, with the Bruce photo- 
giapliiG telescope.” 


M arch 1849, “Messrs. Beach, pro- 
prietors of the New York Sun, 
have negotiated for a line of 
Telegraph, soon to be elected, horn 
Washington to the Sun’s editorial room, 
and from Boston to the same center. The 
object of the enterpiise is to get the news 
moie correct than by the present tele- 
graphic companies, and to get it at all 
times, untrammelled by any other kind 
of business on the wires, but that of 
newspaper literature. This is the great- 
est undertaking on record, we believe, 
connected with newspajier enteipiise, 
and, what is very generous, other papers 
are invited to share the news on exceed- 
ingly moderate terms.” 

“That elegant and correct experimen- 
talist, Faraday, has shown that zinc and 
platmum wires, one-eighteenth of an 
inch in diameter and about half an inch 
long, dipped into dilute sulfuric acid, so 
weak that it is not sensibly sour to the 
tongue, will evolve more electricity in 
one-twentieth of a minute than is given 
by thirty turns of a large and powerful 
plate electrical machine in full action, a 
quantity which, if passed tlirough the 
head of a cat, is sufficient to kill it, as by 
a flash of lightning.” 

“We have now the largest circulation 
of any other paper of the same nature, in 
the world. The information contained in 
our coltimns is more useful than enter- 
tmning, yet to die inventor, the lover of 


science and the intelligent mechanic it 
has peculiar attractions. On our .subsciip- 
tion list iire to he seen the names ot 
dwellers in eveiy pait of the civilized 
world. This shows that our columns aie 
the souice to which the eyes and hearts 
of our own people and the jieople of 
other nations are directed for infoima- 
tion resjiecting American invention and 
discovery.” 

“Di. Edwaids, in Congress tried to 
abolish the law to grant Patents for 
Medicines, and several physicians in this 
State petitioned to have a law prohibit- 
ing their sale unless their composition 
weie printed on the labels. The physi- 
cians themselves should be compelled to 
tell the composition of their prescrip- 
tions upon the same principle, but no 
such bill can pass.” 

We have received a very interesting 
Repoit on the discoverv of Letlieon, 
fiom the pen of Dr. Edwards, of the 
House of Repiesenlatives Dr. Edwards 
was chairman of a select committee to 
whom was referred the memorial of Dr. 
Wm. T. G. Morton, of Boston, asking 
compensation from Congress foi his 
discovery of the anesthetic property of 
sulphmac ether. Dr. Morton’s claim is 
disputed now, it is well known, liy Dr. 
Charles T. Jackson, of Boston, as it was 
also disputed by the late unfortunate 
Horace Wells, of Connecticut. The judg- 
ment of the committee is, that Dr. Mor- 
ton IS entitled to the merit of discovery, 
and the meiit they award him accoid- 
ingly.” 

The steamboat Hecla while leaving 
the Bayou Sara, La., lately unfortunately 
collapsed both flues of the larboard boil- 
ers, and the steam passing entirely 
through the main deck which was cov- 
ered with deck passengers, a great num- 
bei of them were scalded, and several 
killed. The full number killed and 
wounded is not known Three were 
killed instantly, and a number of others 
were missing. Between twenty and thirty 
were known to be scalded, some foui or 
five so badly that they were not expected 
to live. Ai'e we never to have an end of 
this wholesale steamboat murder in the 
West?” 

“From the report of 1848, Submitted 
to Congress by the Commissioner of the 
Patent Office, it appears that the present 
population of the United States is esti- 
mated at 21,686,000.” 





There are 10,000 pegs in this machine, representing 
1 0,000 subscribers in a crossbar telephone exchange — 
the latest switching system which handles dial calls 
with split-second swiftness. 

The pegs represent many -types of telephone users 
— two-minute talkers and ten-minute talkers . , . 
people who dial accurately . . . those who make a 
false start or two. They are starting a journey through 
a unique machine which analyzes the performEuice of 
dial equipment in a typical central office. 

But while an actual crossbar exchange connects 
your call in a matter of seconds, this counterpart 
moves far more slowly. It gives the Bell Laboratories 
engineers who built it time to observe what happens 


to each call — where bottlenecks develop, which parts 
are overworked or underworked, which of the circuits 
are most used. 

In a manual exchange, the number of operators 
may be changed to meet different traffic conditions. 
In crossbar, ail switching is done by complex electi'o- 
mechanical devices, permanently built in. This ma- 
chine shows how many devices of each kind there 
must be in a new exchange to give you the best of 
service with a minimum of expensive equipment 

This traffic-study machine is one of the many in- 
genious research tools devised by the Laboratories as 
part of its continuing job — finding new w^ays to give 
you better and better telephone service. 



\^\ BELL TELEPHONE LABORATORIES 

EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 
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In this vacuum furnace, engineered and built by National Research 
Corporation, Cambridge, Mass., ultra-high quality brazing of large elec- 
tronic tube components Is accomplished in a vacuum of less than one 
micron — 1/760 ,000th normal atmospheric pressure! Kinney Vacuum 
Rumps, working with diffusion pumps, have made possible this outstanding 
achievement in Industry — brazing without oxidation under extremely low 
absolute pressures, volumetric efficiency of Kinney Vac- 

uum Pumps assures extremely fast pump down 
absolute pressures. Kinney Vac- 
Pumps are ideal for exhausting lamps or 
tubes, sintering metals, dehydrating oil or 
® food products, and coating lenses. They are 

entirely dependable on all types of vacuum 
i P^'ocessing systems and require minimum atten- 
maintenance. Perhaps low pressure 
processing with Kinney High Vacuum Pumps 
'■ can improve your product and reduce its pro- 

duction cost. Kinney Single Stage Vacuum 
Pumps test to low absolute pressures of 10 
Kinney microns . . . Compound Pumps to 0.5 micron. 

Vacuim^p^mp Bulletin V45 gives complete information. 


Klnn^Y 
Sing/e Stagtt 
Vacuum Pump 



KINNEY MANUFACTURING COMPANY 

3583 WASHINGTON ST., BOSTON 30, MASS. 

NEW YORK • CHICAGO • CLEVELAND • PHILADELPHIA • LOS ANGELES • SAN FRANCISCO 
- " ^ FOREIGN REPRESENTATIVES 

General Engineering Co. (RadcIifFo) Ltd, Station Works, Bury Road, Radcliffe, Lancashire, England 
\ \Ai c Roxburgh Pty,, Ltd., Melbourne, C. 1. Australia 

Yr. 5. Thomas & Taylor Pty*, Ltd , Johannesburg, Union of South Africa 
' ‘ Novelectric, Ltd,, Zurich, Switzerland 




THE COVER 

The painting on the covei shows the 
bones and lephcas of bones that are I 
studied to tiace the evolutionary rela- 
tionship between reptiles and mam- 
mals {see page 40). In the left fore- 
ground is a cast of the skull of the 
manimal-hke leptile Cijnognafhus 
crateronotus Othei mammal-like rep- 
tiles are repiesented m the right foie- 
ground by a partly crushed skull of 
Lijcaenoicles angusticeps and in the 
center foiegiound by iib fragments 
and a left foot of Bauria cynops. Pro- 
jecting into the pictme from the right 
is the fiont half of the skeleton of the 
mammal-like leptile Lijcaenops or- 
natus. To the left aie working draw- 
ings lor the study of its musculature. 
In the backgi'ound are models of the 
less advanced reptiles Stegosaurus 
and TricaratopSy and in tlie lelt back- 
giound a mounted skeleton of the ex- 
tinct mammal Ursus spclaeiis. Behind 
the skull ol Ci/nognathus is a living 
representative of contempoi ary mam- 
mals, Mils miiscLihis Its present hab- 
itat is the scene of this painting, the 
Preparators Laboiatoiy of the De- 
partment of Paleontology at New 
Yoik's Museum of Natural Plistory. 
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IBM 

TIME RECORDERS AND 
ELECTRIC TIME SYSTEMS 

Proof Mochines 

Electric Punched Card 
Accounting Machines and 
Service Bureau Facilities 

Electric Typewriters 


Every clock in the building or plant showing 
the same uniform time to the second; signals 
ringing in synchronism according to any schedule; 
time recorders and time stamps uniform with 
system time—this is the new IBM Electric 
Time System with Electronic Self-regulation. 

This is the great advance in time control 
which utilizes electronic principles. Clocks 
are merely connected to the nearest AC current, 
and are self-regulated continuously and 
automatically day after day, year after year, 
WITHOUT SPECIAL CLOCK WIRING. 

The same time on every clock, on every signal, 
on every recorder— a real contribution 
to efficient coordination in your office 
building, school, hospital, plant, or hotel. 


MAIL THIS COUPON FOR MORE INFORMATION 

International Business Machines Corp., World Headquarters Building, 

590 Madison Avenue, New York 22, New York 

Please send me your free folder on the new IBM Electric Time 
System with Electronic Self- regulation. 

NAME 

{please prmi) 

COMPANY 

ADDRESS 
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I NCREASED sales of air conditioniag 
systems and store coolers challenged 
the General Electric Company plant at 
Bloomfield, N. J., for faster produc- 
tion of refrigerating coils. 

Each coil must be absolutely leak 
proof. Underwater tests of coils filled 
to 300 pounds of air pressure some- 
times failed to disclose fine leaks,. A 
DPI high -vacuum pump was installed 
by General Electric production engi- 
neers to e^diaust each coil. With it, the 
most minute leaks are detected. Leakage 
troubles with coils in the field have been 
virtually eliminated ... a happy result 
for the sales and sfervke departments.* 
The DPI High Vacuum pump dso 
cut exhaust rime, so that bathes 



coils are vacuum pumped, dried, ready 
for the introduction of freon gas at a 
pace three times faster than formerly. 

High Vacuum is finding more and 
more commercial applications — in frac- 
tionating many substances once 
thought undistillable, m making vita- 
mins and vaccines, in processing foods 
and chemicals. It has important places 


in electronics, metallurgy, nucleonics. 
Possibilities seem unlimited. 

Can. you use high vacuum in your 
business, for producing a better qual- 
ity product, to cut manufacturing 
costs, or for exploratory research that 
may convert waste material into 
profitable commodities.^ DPI welcomes 
inquiry. Write 


Distillation Products, Inc. 

751 RIDGE ROAD WEST • ROCHESTER 13, N. Y. 


Distillers of Oil-Soluble Vitamins and Other Concentrates for Science and Industry; Menu- 
^ , lac^uxers of High-V a^imm Equipment, 
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IS THE BOMB AN ABSOLUTE WEAPON? by P. M. S. Blackett 
The celebrated British physicist s argument on this basic issue is sum- 
marized from his much-discussed current book. Fear, War, and the 
Bomh Hopes foi peace, he holds, depend on an answer to the question, 13 

A U. S. PHYSICIST^S REPLY TO BLACKETT by Louis N. Ridenour 

Many, perhaps most, U. S. scientists take sharp issue with Blacketts 
analysis. The opposite view is here presented by a leading spokesman, 
author ol a playlet on atomic war, Pilot Lights of the Apocalypse, 16 

THE ALARM REACTION hy P* C. Constantinides and Mall Carey 
At Monti'eal Hans Selye has been studying the physiological mechanism 
with which animals respond to stress From his work is emerging a 
clearer picture of our principal cause of death—cardiovascular disease. 20 

cosrac RAYS by George W. Gray 

A harsh rain of poM’erful pai tides from outer space falls on our planet 
What are they, and what happens to them^ Hundreds of physicists 
are now mvestigatmg the rays Herewith what they have learned so far. 28 

THE ANCESTORS OF MAMMALS by Edwin H. Colbert 

The fossil evidence, it seems, shows that man and all his warm-blooded 
relatives can trace a lineage back to the reptiles. The connecting links weie 
mammal-hke reptiles in the orders known as therapsids and ictidosaurs, 40 

THE X-RAY MICROSCOPE l>y Paul Kirkpatrick 

It would be a big impiovement on microscopes using light or electi’ons, 
for X-ravs combine shoit wavelengths, givmg fine resolution, and pene- 
tration. The main problems standing m the way have now been solved. 44 

CHEMICAL WARFARE AMONG THE PLANTS hy James Bonner 
Like animals, plants li\'e in societies, and many of them possess chemical 
iveapons ^^Tth which they fight foreigneis Some even attack their own 
kind. A study of a recently discovered phase of plant competition. 48 

THE INFLUENCE OF ALBERT EINSTEIN by Banesh Hoffmann 

It pervades all of modem physics The imprint of his genius is evidenced 
not only m relativity but in the quantum theory, to which he made 
basic contributions. An appreciation of Einstein on his TOth birthday. 52 
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In the days 'irhen cattle- 
vien droie their stock 
across the unfenced 
prairie to the railhead, 
it was common practice 
among the least scrupu- 
lous to feed the cattle 
plenty of salt before they 
wei e offered for sale 
When they ivere alloived 
to dtink their fill, the 
gam m ic eight was the 
buyer's loss. Hence the 
term '^watered stock" 
sensationalized in early 
days of corpoi'ation reve- 
lations and regulations. 




Pnnt from 
Bctcman 
Archive 


re you selling "WATERED STOCK?" 



WATER is just about our commonest 
material. In many places it is indispen- 
sable; in some places it is beautiful, but 
in others it contributes nothing but ex- 
tra weight and the risk of depreciation. 
To send a six-ounce orange North from 
Florida freight must be paid on over 
hve ounces of water which the North 
has in abundance — and then it must be 
eaten quickly before it rots 

BLOOD PLASMA 

When World War II darkened the hori- 
zon Army doctors looked beyond the 
outright slaughter to the millions of 
wounded who might die in the field. 
Blood transfusion could save many but 
in a remote, devastated theater of war it 
was unthinkable — unless blood col- 
lected from a healthy population could 
be reduced, preserved, transported and 
reconstituted. To make this possible 
National Research Corporation took low 
temperature, high vacuum dehydration 
from the laboratory and developed it to 
the level of mass production. 


PENICILLIN 

Faced with an urgent wartime need for a 
universal antiseptic the English recalled 
the experience of Alexander Fleming 
with the blue -green mold, Penicillmm 
Notatum. Under pressure the wonder 
antibiotic was accumulated — enough 
for a mouse, enough for a man, enough 
for twenty men — and then, grown by 
"kitchen culture” in millions of milk 
bottles, enough for an army. Again there 
was need for dehydration without heat 
damage and National Research’s high 
vacuum process now installed in sub- 
stantially all of the larger plants through- 
out the world, turned pemcilhn into 
powder at a rate to supply the world. 

ORANGE JUICE 

a During the war we experi- 
mented with the dehydration 
of many common foods; meat, 
fish, vegetables, fruits, coffee. Of these 
orange juice was the most promising 
with a nationwide market ready and a 
world market waitmg. We had produced 
citrus concentrate and powder on a pilot 
plant scale. Near the war’s end we or- 
ganized ‘Vacuum Foods Corporation, 
For them we built and equipped a plant 
in Florida that now concentrates, for the 
national market, 75,000 gallons of juice 
a day. 

This new industry, producing some 
million cans in the 1946-'47 season 


is expected to reach an annual produc- 
tion rate of 200 million in 1949. Within 
five years it is predicted that one-fourth 
of all Florida’s oranges will reach their 
market as concentrated luice In this in- 
dustry Vacuum Foods is the pioneer and 
leader. 


COFFEE 

The success story of orange 
juice will, we hope, be rewritten 
for coffee. For over a year we 
have been producing in small 
quantity a "crystalline coffee” — pure 
coffee essence, nothing more and nothing 
less. This small production is being mar- 
ket-tested through the local retail trade 
and a steadily increasing number of 
users have found out that coffee can be 
reduced to an instantly sbluble concen- 
trate, and still taste like good coffee. 


WHAT NEXT 

To anyone who is selling "watered 
stock,” not with guile but from necessity, 
National Research can offer a new pros- 
pect — lower cost methods of producing 
dry materials with instantaneously solu- 
ble structure. To apply our proven tech- 
niques of high vacuum dehydration Na- 
tional Research Corporation stands ready 
with a carefully chosen, experienced 
staff, with the newest equipment and 
with an accumulated knowledge of large 
scale low temperature dehydration that 
cannot be equalled anywhere. 
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IS THE ATOMIC BOMB 
AN ABSOLUTE WEAPON? 


P. M. S. Blackett maintains it is not, and 
derives therefrom some imnsual conclusions. 
A rej)ly to his argument follows on page 16 


by P. M. S. Blackett 


T here seem to have been many 
people who were so deepK im- 
pressed bv the lesults of dropping 
two atomic bombs on Japan that they 
came to believe that the use of even a 
few atomic bombs would decide the 
course of future wars If tins were true, 
it would indeed seem rational to single 
them out from all other weapons and ar- 
maments for special treatment If, on the 
other hand, one concludes from an analy- 
sis of the past that even a large number 
of atomic bombs will not by themselves 
decide the course of future wars between 
great powers, and that there exist othei 
weapons of compai'able power, then the 
problem of the control of atomic energv 
becomes part of the problem of general 
disarmament. 

Since only two atomic bombs were 
used in the S*econd World War, and then 
only at a vei 7 late stage and under very 
special circumstances, it is by no means 
sufficient only to study what happened 
at Hu'osluma and Nagasaki, on the con- 
ti*ar\% it is essential to study tlie war as a 
whole and to attempt to assess the part 
played by other arms. 

The combmed Anglo-American bomb- 
ing offensive in Germany had as its ob- 
jective “The destruction and dislocation 
of the German miHtary, industrial, and 
economic system and the undermining 
of the morale of the German people to 
the point where their capacity for armed 
resistance is fatally weakened."' The re- 
sults of this bombing offensive were ana- 
lyzed bv the U. S. Strategic Bombing 
SuTA^ey. The remarkable and unexpected 
result was the discovery that German 


total war production continued to in- 
crease till the summer of 1944 in spite 
of die ven hea\w bombing. The report 
comments as follows 

“These figuies demonstrate that Ger- 
man cities had a surprising resilience 
and extraoidmarv abihu^ to recover from 
the effects of ruinous attacks The raids 
on Hamburg in Julv -August 1943 were 


EDITOR'S NOTE 

This discussion of the military and 
political implications of the atomic 
bomb by the Nobehst m ph}sics for 
1948 is condensed horn his much- 
discussed book, just published in the 
U S with the title Feai\ War, and the 
Bomb Some of the important issues 
raised by the British scientist are de- 
bated in this and the following article. 
The U. S. publisher of the book is 
Winttlesey House. The book, and 
the material taken from it here, 
are copyrighted by Dr Blackett. 


among the most devastating of the w^ar. 
Yet, despite the deaths of over 60,000 
people, the total destruction of one third 
of all houses in the city and the disrup- 
tion of normal processes of li\ing, Ham- 
burg as an economic unit wiis not de- 
stroyed. It never fully recovered from 
the bombing, but in five months it had 
regained 80 per cent of the former pro- 
ductivity, despite the fact that great 
areas of the ci^ lay, and still lie, in dust 
and rubble. As in the case of industrial 


plants, Avhen it wms found much easier 
to destroy the biiildnigs than the ma- 
chines in them, so also it is much easier 
to destroy the physical structure of a 
ciW than to wipe out its economic life/'^ 
A major success of the bombing of- 
fensive was tlie precision attack in 1944- 
1945 on tiMnsportation targets and 
specific industrial targets such as oil 
installations. The Survey sums tins phase 
up as follow^s. 

“Not until the war m tlie air had been 
won, and the landings in the Mediter- 
ranean and France successfully accom- 
plished, were the heaw bombers free to 
exploit the victory in the air and attack 
m full force the centers of oil production, 
the centers of transport and other sus- 
taining sources of mihtar)^ stiength wnth- 
m the heart of Germany. . , . The great- 
est single achieA^ement of the air attack 
on Germany wais the defeat of the Ger- 
man Air Force.” 

S O ?vIUCH has been wTitten of the 
effects on Hiroshima and Nagasaki 
of the explosion of the two bombs that 
it IS only necessary here to surv’^ey briefly 
the main facts. A plutonium bomb pro- 
duces a blast wave comparable to that 
which w^ould be produced by tlie explo- 
sion of one lump of 20,000 tons of TNT. 
From careful suiveys of the damage to 
various types of buildings, it has been 
calculated, however, tliat only a little 
over 2,000 tons of high-explosive bombs 
—for example, 10-ton blockbusters— 
would be required to produce the same 
structural damage as one plutonium 
bomb. The reason why this figure is so 






nuclear pliysicist wire served as a 
^^n|jer of tte British Advisoify CodMiittee on Atomic Enetgy until last year. 


^ lJt 


much lower than the figure of 20,000 
tons foi the equivalent amount of TNT 
when exploded in one mass lies in the 
tact that such a veiy large explosion 
pulverizes nearby objects to a quite un- 
necessary degree, m fact, it “overhits"' 
the cential part of the target area, and 
so wastes a large pait of the energy. 

It is less easy to give a reliable equiva- 
lence for the civilian casualties produced 
by atomic and ordmaiy bombing. These 
depend to a very large extent on the dis- 
tribution of the people at the time of 
the attack between open places, ordmaiy 
houses, lemiorced concrete buildings oi 
specially constructed shelters, and so 
will be much gi eater for a surprise at- 
tack on an unpiepaied city than for an 
expected attack on a prepared city. The 
U. S Strategic Bombing Survey, how- 
evei, equates one plutonium bomb to 
some 2,000 tons of ordinary bombs in 
effect on peisonnel, and we will adopt 
this on a piovisional basis, remembering 
that m some cii cumstances the figuie 
may require consideiable modification. 

In Older to assess the influence of 
atomic bombs on the course of a lutuie 
war, it IS necessaiy to estimate what 
changes are likely to occur by a given 
date in the destructiveness of the bombs, 
the methods of conveying the bombs to 
the target, and the defense. In general 
we will consider mainly advances that 
aie likely to be achieved, firstly, within 
the next five ycais, that is, by 1953, and 
secondly within the next 10 years, that 
is, by 1958. Foi the choice of these time 
scales there are certain definite leasons. 

It is clear that the only war in which 
atomic bombs aie likely to be used is one 
in which the main contestants aie the 
U. S, A. and the U. S. S. R. A peiiod of 
five yeais from now is the latest possible 
date at which one could reasonably ex' 
pect that the U, S. S. R. would not pos- 
sess at least some atomic bombs. The 
period of 10 years is chosen as the latest 
date at which it is at all leasonable to 
attempt to predict the pattern ol events, 

T here has been much discussion of 
the possibility of a “super bomb” 
probably using a nuclear reaction involv- 
ing hydiogen or lithium initiated by the 
explosion of a plutonium or uranium-235 
bomb. By this means scientists believe 
that an explosive power many times as 
great might be produced. However, this 
has so far not yet apparently been 
achieved, and its likely performance is 
still highly speculative. An increase in 
the explosive power of a bomb would 
yield increased results when the target 
IS a large city, but it must be remem- 
bered that the piesent bombs are already 
unnecessarily powerful for use against 
many small but important targets such 
as a single factory or a single large ship. 
Though rockets of the German V-2 
type might possibly be built to cany an 
atomic war-head a distance of a few 
hundred miles, the technical problem of 



making such a locket with a range of 
1,000 miles or more is veiy formidable. 
The view of the American Navy has 
been expressed as follows: ‘Tor these 
and otlier reasons not here touched 
upon, it seems a wholly reasonable and 
safe assumption that rockets with atomic 
war-heads capable of thousands of miles 
of range are not to be expected for at 
least 25 yeais.” Certainly for ranges over 
1 ,000 miles and probably also for ranges 
over 400 miles, the only vehicle for the 
delivery of an atomic bomb with ade- 
quate accuracy within the next 10 years 
will be the conventional ancraft. 

Within the shorter of our two periods, 
that is, within the next five years, piloted 
bombers with a range over, say, 1,500 
miles, which can be expected to be in 
seivice in large numbers, will be so 
inferior in speed and maneuverabilit)' 
as to be exti-emely vulnerable to contem- 
porary fighters, and probabK also to 
improved anti-aircraft weapons. We con- 
clude, therefore, that repeated deep 
penetration of a heavilv defended ter- 
ritoiy IS likely to be an expensive opera- 
tion. This is likely to be true both bv day 
and by i^ight. For the development of 
radar has made the night fighter nearly 
as efficient as the day fighter. So in this 
period we must conclude that effective 
intercontinental air war is not possible. 

In the latter part of our peiiod, that 
is, from 1953 to 1958, the prospects are 
not quite so cleai. It is possible that the 
speed advantage of fighters will be dras- 
tically reduced. But it is also possible 
that new and improved defense meas- 
ures will be developed. So it is likelv 
that, certainly till 1953 and probably 
also till 1958, any long-range bombing 
campaign must be carried out in veiy 
great force. 

An estimate of the scale of an atomic 
bomb attack which would have to be 
launched on a mafor continental power 
to have an important effect on its power 
to wage war can be made by noting the 
loss of territory and of industrial capacih^^ 
by the Sowet Union in 1941 and 1942, 
and recalling that this still did not pre- 
vent her from eventually defeating the 
German armies and driving them from 
her territories. A huge number of atomic 
bombs would have been necessaiy^' to 
inflict on Russia as much damage as she 
actually suffered by the German inva- 
sion. in Germany some 400 atomic 
bombs would have been required to 
produce as much damage as was actually 
done by the Allied bombing offensive, 
which plaved by no means the decisive 
role in the defeat of Germany. 

I T MIGHT be argued that such a cal- 
culation of the number of atomic 
bombs, which are to be taken as equiva- 
lent to a given weight of ordinary bombs, 
is inadequate, on the grounds that it 
does not take into account the special 
properties of the atomic bomb. For in- 
stance, it has often been argued that the 


time factoi is of great importance: tlie 
aigument is that atomic bombs could 
be dropped, say, on all the major cities 
of an enemy country w'lthin a fevv^ hours, 
and that such an attack would hav^e an 
altogether greater effect than if an equiv- 
alent weight of ordinary bombing were 
spiead out over many months. 

Though it is impossible to be quite 
sure of the effect of such an intense but 
shoit attack, the following considerations 
aie relevant Firstl\% it is most improb- 
able tliat such a widespread attack could 
be launched within a few hours against 
a w^ell-defended country, owing to the 
huge air effort involved. For each atomic 
bomber wmuld hav’e to be accompanied 
by many other bombers, in order to have 
a good chance of reaching a distant 
target against heavy opposition. 

Then again, it is not certain that it 
would be a sound policy to concentrate 
the atomic bombs in time, even if it was 
possible For the disadvantage to tlie 
enemy of having a laige number of at- 
tacks to compete with at once would be 
partially, at any rate, offset by the short- 
ening of the tune during which defense 
measures, civilian evacuation, etc., 
would have to he maintained. In fact, 
one can see strong arguments for a 
deliberate policy of spreading the at- 
tacks over a considerable period of time, 
in order to tire out the defense and 
w'eaiy' the population. Only if large 
armies were ready for an immediate in- 
vasion would a very’ short-duration at- 
tack be advisable. 

The other common criticism of such 
numerical compansons is that they neg- 
lect the psychological factor; this pre- 
sumably means that the “horror” of the 
atomic bomb is so gi*eat that a nation’s 
will to resist will be rapidly sapped. To 
this one can reply that, from the point 
of view of most of the individual wctims, 
there is not much to choose between the 
experience of heavy ordinary bombing 
and atomic bombing. Selected surviv’d s 
of Hamburg, Dresden or Tokyo could 
have provided equally poignant material 
for the pen of a John Hersey as the sur- 
vivors of Hiroshima. Those who remem- 
ber tlie exaggerated expectations of the 
effect of the British bombing offensive on 
German morale current in the early days 
of the W’ar will be skeptical of many of 
the easy predictions about the effect on 
morale of atomic bombs. The power of 
human beings to “take it” is immense; a 
determined people will learn to stand 
atomic bombardment, if that is their fate. 

It is clear that if Russia tliought it a 
soimd policy to drop bombs on Ainerica, 
she would certainly consider that it 
would be essential to accumulate a mini- 
mum stockpile of a few thousand before 
starting. Now the magnitude of the tech- 
nical and industrial problems of produc- 
ing bombs makes it likely tliat it will be 
many years before the Soviet Union will 
possess a large enough stockpile of 
atomic bombs to be useful against 


American cities. So, on this ground 
alone, an atomic attack on the U. S. A. 
by the U. S. S. R. is m the highest de- 
gree unlikely for v^ery many years. 

The next question to be answered is 
how the U. S. S. R. w^ould delivei them. 

In the heated imagination of the enthu- 
siasts for atomic warfare, it w’ould only 
be necessary for thousands of long-i ange 
atomic bombers to take off secretly from 
au-fields within the Soviet Union to de- 
stroy the main cities of America within a 
few’ hours. We know now^ that the facts 
are different. Even if Russia at an early 
stage of such an imagined war had oc- 
cupied the countries of Western Europe , 
—a far from unlikely contingency if they 
w^ere allies of America— she would still 
have no bases from which to launch ef- 
fectively such an attack 

I T SEEMS improbable that Russia 
would plan an attack on America, 
except as part of a coordinated offensive 
with all arms, which must necessarily in- 
clude invasion. A Soviet invasion of 
America is militarily impossible. Even if 
Russia controlled the whole of Europe 
including Great Britain, the invasion of 
America acioss the Atlantic would re- 
quire an enormous amount of shipping 
to cany the millions-strong inv’asion 
force required, and further would be ex- 
tremely easy to repulse since complete 
air siipenoritv’ would rest with the de- * 
lenders. 

Even if the technical possibility of 
destroying American cities from Euro- 
pean bases is much higher than we have 
here estimated, such destruction, not fol- 
lowed up by mv^asion and occupation, 
would leave America time to recuperate 
and rearm, bitterly determmed to take 
ev^entual revenge. Further, such action 
would alienate world opinion and tend 
to solidify a grand alliance against Rus- 
sia. The first Russian atomic bomb that 
fell on an American citv" would be a de- 
cisive political success for the enemies of 
Btnssia all over the world. The lesson of 
Pearl Harbor is clear. To strike a heavy, 
but indeciswe blow at a powerful enem\% * 
without possessing the resources to fob- 
low it up by mv’asion and occupation of ^ 
the homeland, is to court disaster. 

Though many authoritative state- 
ments have been made discounting tlie 
possibility of “push-button war,” clearly 
the possibility exercises a great fascina- 
tion for many Americans, To be more 
concrete, the atomic bomb is seen in 
many British and American circles as the 
answer to the power of the Soviet armies, 
and the only answer that does not seem 
to involve large overseas military com- 
mitments. If not the atomic bomb, then 
“What else?” 

It is necessary to consider the possi- 
bility that in the event of war breaking 
out, America might begin her offensive 
vvitli an atomic bomb attack on Russian 
cities. Though, judging by the press, 
such a move would he widely accepted 


IS 



m man\ Amenciin circles as a natiiial 
one, it might well be opposed bv the 
armed services foi very sbong military 
reasons. For the militai\% who after all 
have the responsibility of canymg 
through such a war to a successful con- 
clusion, cannot fail to ask “What hap- 
pens next?” 

It is clem that to any sustained atomic 
bomb attack on Russia within the next 
decade, there are possible Russian coun- 
termeasures, mainly with land foices, 
which would have the object of captui- 
ing die bases from which the atomic 
bombeis were operating, or if this were 
not possible, of neutralizing them as tar 
as possible by pushing forward her air- 
defense zone. Even the destiuctioii of all 
the majoi cities of Russia would not im- 
pair the striking powei of the Soviet 
armies until many months had elapsed 
If one discounts the possibility— and all 
our calculations have shown that we 
must discount it— that an initial atomic 


l:>oinb attack would cause Russia to ca- 
pitulate, then it is certain that such a war 
wmuld be fought out in Europe on land, 
as weie the last two World Wais. 

If a wai of this type did occm, acute 
controversy would be ceitain to aiise 
between the mihtaiy staff of America, 
on the one hand, and Fiance and Eng- 
land on the other, as to the advisability 
of the use of Anglo-French bases foi at- 
tacks on Russian cities by American 
atomic bombers. For, if that happened, 
England and France would expect to get 
atom-bombed— not America. And the 
military staffs of both European coun- 
tiies would ceitainly be made aware by 
then political colleagues of the difficulty 
of convincing the public of each countiy 
that such a role was a reasonable one for 
then countiies to undertake 

T he ^vIOST important deduction that 
must inevitably be drawn from our 
analysis is that any futuie war in which 


Ameiica and Russia aie the chief con- 
testants— and this clearly is the only 
majoi war which needs serious consid- 
eration— would ceitamly not be decided 
by atomic bombing alone On the con- 
trary, a long-drawn-out and bitter stiug- 
gle over much of Europe and Asia, in- 
volving million-sti'ong land armies, vast 
military casualties and widespread civil 
war, would be inevitable 

Unless oui analysis has been greatly 
in eiior, the dangei of a Third World 
War in the next few years is much less 
than is geneially thought. 

Meanwhile America’s stockpile of 
bombs will continue to gi ow ever biggei 
and biggei, and at some uncertain date 
Russia’s will start to giow too. Responsi- 
ble American statesmen will be bound to 
weigh veiy carefully the delicate ques- 
tion of when Lo begin again negotiations 
for the control of atomic energy, which 
they have just broken off. For the dangei 
of waiting too long is gieat. When Rus- 


A U. S. PHYSICIST’S REPLl' 

Clialleugiug the Briton’s strategic assumptions, 
he argues that a sudden air attack on inililary 
objectives would be decisive in any future war 


by Louis N. Ridenour 


E M.S. BLACKETT, Nobel Laureate 
m physics for 1948, is a scientist 
of distinction and outstanding 
ability. He is therefore capable, as all 
good scientists should be, of careful and 
objective leasomng concerning matters 
that do not impinge too closely upon his 
faiths and implicit beliefs. Unfortunate- 
ly, the subject matter of his book. Fear, 
War, and the Bomb, suggests that Black- 
ett has allowed his pronounced political 
sympathies to warp his observations and 
his reasonmg. They have apparently led 
him to suppress large numbers of perti- 
nent facts, to Ignore many crucial techni- 
cal and political possibilities, and to 
depreciate the honesty and good faith 
of his government and of oms to an 
absurd degree. 

Blackett attempts to establish three 
main theses: First, that the effectiveness 
of strategic bombardment has been 
greatly overrated, through a misinter- 
pretation of the evidence of World War 
IL Second, that the atomic bomb will by 
no means have the impressive role in 
future wars which enthusiasts predict for 
it. Third, that the Soviet reaction to the 
Anglo-American proposals for atomic em 
ergy control has been entirely reason- 
able, for detailed reasons which we shall 
CMnine later. 

writers ^ho have commented on 


Feai, War, and the Bomb (which was 
published m England last fall) have paid 
attention mainly to the political matters 
that come under the heading of the third 
thesis. They have usually ignored, oi 
even applauded, Blackett’s views on stra- 
tegic air power and on the atomic bomb. 
Since he minimizes the mihtaiy useful- 
ness of these two components of armed 
strength, and since both aie, for the mo- 
ment, suhstantially U. S monopolies, his 
assertions are a mattei of sincere and 
immediate concern to eveiy American. 

Let us first consider the mihtaiy sig- 
nificance of the sti'ategic air campaign 
conducted in World War II Blackett 
discusses the area attacks upon centers 
of population which were carried out by 
the Royal Air Force; he concludes, in 
agreement with the findings of the U. S. 
Stotegic Bombing Survey, that the great 
destruction and loss of life produced by 
such attacks had httle direct effect upon 
German war production. The U. S Army 
An Forces, however, devoted their at- 
tention not to such area attacks but to an 
attack upon target systems selected as 
being vital to the enemy war economy. 

Blackett dwells at considerable length 
upon the well-established fact that tire 
American bombings had little economic 
effect during aU the months that pre- 
c©de<J the surnraer of 1944, He gives this 
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result its coirect explanation The Ameri- 
can air commanders, who had started the 
stiategic air war in the belief that attacks 
on enemy industiy could bring a quick 
decision, soon learned that heavy oppo- 
sition fiom defensive fighters of the Ger- 
man Air Force so deranged the bombard- 
ment that its accuracy, and thcreiore its 
economic effect, was small. This difficul- 
ty being appieoiated, attention was 
locused on destroying the GAF. It was 
requiied of the bombers only that their 
attacks be sufficiently annoying to draw 
the German fighters into battle. 

B y the spring of 1944, the GAF was 
wrecked. Just beioie the Normandy 
invasion (the success of which hinged 
largely on Allied air superiority), Gei- 
man ventures into the air were so haz- 
ai clous that a German pilot would be 
credited with an operational mission— a 
sortie in the face of the enemy— when he 
had merely ferried an airplane from one 
field in Occupied France to another. The 
Germans owned the land of Fi ance, but 
we owned the air over it. Once the GAF 
was finished, the accuracy, weight and 
effectiveness of our bombardment 
promptly rose, and Germany’s war eco- 
nomy was disrupted. Nearly three quar- 
ters of the total weight of bombs 
dropped on Germany were dropped 




sia has accumulated a stockpile of a few 
thousand bombs, her military strength, 
already very great by the size and effi- 
ciency of her armies, will be much en- 
hanced. We have aheady noted that 
atomic bombs may prove valuable tacti- 
cal weapons and even a hundred or so 
would be of great military value when 
used in conjunction with lai*ge-scale land 
operations, whereas such a number 
would bring no decisive results if used 
for area bombing of cities unrelated to 
other mihtary operations If negotiations 
do not start until this situation has arisen, 
Russia will hold most of the cards 

Let us consider what are the essential 
conditions for future negotiations to 
have a reasonable chance of success. It is 
undeniable that any settlement between 
America and Russia must be based es- 
sentially on a bargain between the two 
States The bargain must be one in which 
both sides make comparable sacrifices 
and reciprocally receive comparable ad- 


vantages at all stages If America con- 
tinues to insist, as she appears to have 
done in the past, on ti'eating atomic 
energy in isolation, then clearly there 
will be no possibihty of a bargain, and 
so none for an agreement, until Russia 
has drawn more nearly even with Ameri- 
ca m the field of atomic energy. 

If, however, atomic energy is not 
again treated m isolation, if, that is. 
atomic bombs are considered along not 
only with other weapons of mass destruc- 
tion but with conventional armaments 
and land armies as well, then it is easy to 
see the possibilities of an agreement ac- 
ceptable to both America and Russia at 
a much earfier date. 

On this broader basis, Russia with her 
strong land ai'my has sometlimg to bai- 
gain against America’s atomic bombs B\ 
taking conventional weapons and armed 
forces into consideration at the same 
time, it should not be impossible, though 
undeniablv it would not be easy, to reach 


an agreement to reduce armaments gen- 
erally. For instance, some kind of bar- 
gain might be sti'uck between America 
and Russia, m which so many American 
atomic bombs and their carriers are held 
to be the military equivalent of so many 
Russian divisions 

When Russia has approached more 
nearly to the level of industrialization of 
America, there will be a better chance 
of reaching an agreement within tlie 
single field of weajDons adaptable to mass 
destruction. For the present it seems 
moie hopeful to tackle the problem of 
general disarmament, even though this 
means tlie continued existence in the 
world of some limited number of atomic 
bombs, rather than to attempt to abolish 
all atomic bombs, leaving all other arms 
uncontrolled 


P MS Blackett is professor of phijsics 
at Manchester University, England. 


rO PROFESSOR BLACKETT 


after July 1, 1944 The attacks on trans- 
portation and on the oil industry weie 
especially effectu'e. On Ivlarch 15, 1945, 
the German Minister of Armament and 
War Production Albert Speer reported to 
Hitler that the total collapse of German 
mdusti'y was only four to eight weeks 
away. 

Though Blackett describes all this, his 
conclusion Rom it is based upon the first 
phase of tlie air war over Germam, 
when the economic effects were small. 
He thus assumes tliat in any future war 
it will he necessary to fight for and wm 
air superiority before substantial eco- 
nomic damage can be inflicted by stra- 
tegic bombardment. While this may be 
true of the stable phase of any futuie 
war, it is almost entirely beside the point, 
since effective air superiority wffl al- 
ways exist for a few days at the begin- 
ning of an au' attack, and the atomic 
bomb IS so effective that the destruction 
which took place m the 300 days that fin- 
ished Germany can be compressed into 
those few mitial days. Let us examine 
the background for this view, which dif- 
fers so sharply from Blackett’s. 

Blackett justifies his faith in tlie effec- 
tiveness of air defense by an assessment 
of the future techmcal developments 
\vhich he predicts for the next few years. 
He concludes (a) that piloted aircraft 
are the only proximate vehicles capable 
of dehvermg atomic bombs to strategic 
targets, (b) that they are of relatively 
short range, and will require forward 
bases within one or two thousand miles 
of the targets, and (c) that piloted de- 
fensive fighters can deal capably with 
attacks by piloted subsonic bombers. 

It is possible to quarrel with all but 
perhaps the first of diese assertions. Ad- 
mittedly the accurate thousand-mile 


gmded missile will not he available until 
some time in tlie future. How far off it 
IS, under the present circumstances of 
vigoious technical development, is hard 
to predict, Blackett chooses to put it 
moie than 10 years away, and let us 
jom him. 

The second conclusion is wrong on the 
record. It is perfectly true that the B-29s 
of World War II needed bases within 
1,500 miles of their targets However, 
the standai*d hea\T bomber of the U. S. 
Air Force todav is the formidable B-36, 
the actual combat range of wliich, on the 
basis of published statements, appears to 
be at least 3,000 miles. Also, Blackett’s 
book was written too early to include 
any observations on the bomber range 
which can be attained by refueling in 
the au". The USAF has recently an- 
nounced tnals which indicate that this 
simple technique will give B-29s and 
B-50s substantially a global range. 

Thus today’s USAF bombers will de- 
liver today’s atomic bombs from here to 
anywhere, provided that they are not 
successfullv intercepted. Blackett con- 
tends that they vdH be, and that the cost 
of operating unescorted long-range 
bombers m the face of enemv opposition 
will be prohibitive. This contention, too, 
can be debated. It rests upon an assump- 
tion that the fighter’s advantage over the 
bomber depends only upon the fighter’s 
edge in speed, and that this advantage is 
essentially independent of the actual 
speed at which the interception must be 
made. The assumption is grossly wrong, 
for reasons so lengthy and so technical 
that they are only hinted here. At high 
speeds, die maneuverability of a fighter 
is greatly reduced by the pilot’s tolerance 
for acceleration in a turn, and by the 
danger of stalling out of a high-altitude 


turn that is too shai*p. This reduced 
maneuverahilitv requires that intercep- 
tion commence at ranges which are often 
greater than the maximum distance at 
which a fighter pilot can see a bomber, 
even under perfect visibihty conditions. 
Several other major difficulties beset the 
problem of bomber interception at high 
subsonic speeds, even granting that the 
interceptors have a substantial speed ad- 
vantage. 

In any case, the point need not be 
labored. Granting that unescorted bomb- 
ers would not be safe against air de- 
fenses in the stable phase of an air war 
fought m die near future, it is important 
to turn our attention to die conditions 
that would obtam during the early days 
of an attack. It is my contention that the 
entire strategic air effort could be ear- 
ned out without effective opposition in 
those few days. 

A ll defenses in all history, particu- 
larly such complicated coordinated 
defenses as those involved in air defense, 
have required time and actual combat 
experience to build up to maximum effi- 
ciency. Thus, for example, the German 
daylight air attack on England in 1940, 
quickly opposed and mastered by the 
RAF as it was, nevertheless deposited on 
its targets a weight of bombs which 
would have been decisive if they had 
been atomic bombs. So did the German 
night campaign of late 1940 and early 
1941, though improving RAF defenses 
made the raids so costly that they were 
soon abandoned. I have documented this 
point wnth other examples in my chapter 
‘'There is No Defense,” in the sympo- 
sium One World or None (Wliittlesey 
House, 1946). Blackett quotes exten- 
sively from that book, but nowhere re- 
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Icis to 01 reiutes the piesent argument. 
The leason for the early lailuie of the 
defense is not far to seek. The defense 
must be eternally alert cveiy where 
against any form of attack, while the of- 
fense chooses its time and place and 
^veapons, and thus achieves initial sui- 
piise in most instances, and local supe- 
riority in all. 

So long as the initial unmolested an 
attack had to be delivered in teims of 
old-fashioned “high explosives” and in- 
cendiaries, it could achieve a significant 
local success (as at Pearl Harbor), but 
could not be decisive. With atomic 
bombs, all this is changed. Blackett 
quotes, and agiees with, cunent esti- 
mates that one bombing aircraft cairy- 
mg one atomic bomb is ecjuivalent in 
terms of practical destiuctive power to 
between 50 and 250 heavy bombers with 
old-fashioned bombs Unlike most other 
experts, he asks us to take comfort fiom 
the ciicuinstance that the number is not 
bigger. The German economy was de- 
stioyed completely, according to the ai- 
gument which Blackett himself makes, 
in the 300 days from July, 1944, to April, 
1945, since there had been no significant 
economic efiect eailici, wc can diaw no 
other conclusion. This means that the 
bomber foiccs ol World War II could 
1iave achieved the same result in pci haps 
two days if they had used atomic bombs. 

Wliat Uugeis would be attacked in 
those two days? Blackett assumes that 
we would desire to destroy the cities ol 
the enemy. Pie even depreciates the 
value of stiatcgic air attack on the 
giounds that the Russians might, in an- 
other war, occupy the whole of Europe, 
he argues that we would not, and dare 
not, bomb the cities of our li lends. 

In terms of capabilities, we could 
surely use our brief initial air superiority 
to lay waste all the major cities of an 
enemy. In terms of mihtaiy realities, we 
would almost certainly not do so Black- 
ett himself has shown that attacks on 
cities had small lesult in Woild War II, 
while attacks on specific mdustiia] tai get 
systems brought the Gcimans to col- 
lapse. This being so, even though thcie 
IS some evidence that an atomic-bomb 
attack on civilian populations might be 
much more effective than were such at- 
tacks with old-time “high explosives,” 
our decision would undoubtedly be to 
launch our strategic attack against care- 
fully chosen points m the fabric of the 
enemy's industry. There would be two 
cogent reasons for making tins cboicc. 
1 ) the proved military value of such at- 
tacks; 2) the fact that the tremendous 
loss of iirelevant lives in city bombing is 
repugnant to any proper conscience. 

Since industries are not usually in 
cities but on the periphery, they could 
be attacked even though they were m 
occupied friendly countries. In the ab- 
sence of effective opposition during the 
first apocalyptic days, the bombing 
would be accurate, and there need be 



little iiicliscrimincite killing of people liv- 
ing in the neaiby cities It is even possi- 
ble that the raids could be announced 
betoiehand, as Major General Curtis E. 
LeMay announced his taigets in a late 
phase of the Pacific an wai, without such 
an announcement aiding the initial an* 
defense m any significant wav. This, 
how^ever, is speculation, and the risk 
might be legarded as too great to take, 

I N any case, anothei war is likely to 
involve, early in the conflict, the de- 
stiuction b\' one power of certain vital 
economic target systems of the othei. 
The airciaft pioducmg this destimction 
would carry atomic bombs, one of them 
would be moie teirible than an entiie 
old-fashioned combat wing, while half 
a dozen would be equivalent to an old- 
time thousand-plane laid The weapons 
could be so used that the Imgeiing ladio- 
activiU spewed ovei the factories and 
the installations that were hit would 
deny their use foi months or years 
Othei aims, no doubt, would be in- 
voh’ed in such a conflict. There is no 
quarrel on that point, indeed, our pies- 
ent pattern of military expenditure sug- 
gests that we put no complete reliance 
on strategic bombing with atomic weap- 
ons But to sav, as Blackett does, that 
long -1 ange bombeis cannot be decisive, 
and that the atomic bomb changes noth- 
ing, IS to asseit that the war economy of 
a nation is of no value to that nation in 
a war. Reduced to these basic teims, 
Blackett’s contentions are preposterous. 
The view heie piesented is not a 
pleasant one to take. Yet m todays 
nervous and hostile world, we are com- 
mitted to a national pohey of maintain- 
ing om aimed strength The long-range 
striking arm of that military strength is 
the strategic bombei, with its atomic 
weapons. Blackett does tlie Western 
world no seivice when he affects to deny 
the usefulness of strategic bombardment 
It may be that the very curious nature 
and the obvious bias of Blackett’s politi- 
cal remaiks will warn the reader tliat the 
military considerations he advances are 
also suspect. In the latter part of the 
book, Blackett presents the following as- 
tonishing arguments: Fiist, that the 
di opping of two atomic bombs on Japan 
in August, 1944, was the first move m 
the cold war, designed to forestall a 
Russian offensive in the Far East. Sec- 
ond, that the Baruch proposals for the 
international control of atomic energ\% 
based with devilish ingenuiU^ on the al- 
truistic program of a gioup of high- 
minded men, were anotlier move in the 
same game, and were designed to put 
the So\uet Union at a moral disadvan- 
tage Third, that tlie scheme for control 
contained a thinly disguised attempt to 
deprh^e the Russians of an unparalleled 
opportunity to raise the living standards 
of their masses by the peaceful exploita- 
tion of atomic power. 

The usual reason given in the U, S. 


foi the timing of the use of the first 
atomic bombs is that the bombs were not 
leady earlier. The reason advanced to 
explain the natuie of their use is that a 
diamatic demonstration of the bombs 
power was felt to be necessary to con- 
vince the enemv of its effechveness, as 
promptly as could be done The whole 
affair is said to have been calculated 
to result in the speediest termination 
of the war, and the smallest loss of 
American and Japanese lives. We have 
all this on the solemn public testi- 
mony of the men responsible foi the de- 
cisions. Blackett brushes it aside, he does 
not even summarize these arguments as 
meriting serious attention The closest 
that he comes to them is in what he calls 
the “Roman holiday"’ theoiy. that, hav- 
ing spent two billion public dollars on a 
weapon, the American people were en- 
titled to the bloodiest possible demon- 
sti’ation of its effectiveness. He states 
that many xYmericans espouse this \aew, 

I know one who does not. 

O N Blackett’s assumption that we 
dropped the bombs to prevent the 
Russian grab in Manchuria (he does not 
call it that), how did we succeed? Rus- 
sia took Manchuria, a proceeding that we 
could not ha\'e prevented even tliough 
we wished to do so Consider also how 
held back at Berlin and Prague until 
the Russians got tlieie, m accoi dance 
with our agi'eements that their troops 
could enter these cities fiist. 

The second of Blackett’s political as- 
sertions that I have mentioned above is 
best dealt with by stating it in his own 
words. He savs, comparing the Baruch 
and the Gromyko proposals for atomic 
energy control, “It is hardly Hkely that 
either the American or the Russian Gov- 
ernments had serious expectations that 
their proposals foi control would be ac- 
cepted by the other As has already been 
emphasized, the American proposals 
constituted a very shrewd move in the 
diplomatic cold war, promising concrete 
advantages in the event either of their 
acceptance or their rejection American 
diplomacy had maneuvered Russia into 
the disadvantageous position of Raving 
to reject a speciously fair offer.” 

Nothing I can say will make this as- 
sertion seem more absurd than it show^s 
itself to be. Quite apart from the obvious 
sincerity with which the U. S. ap- 
proached this problem, it is more tlian 
I can manage to beheve that our demo- 
craticallv cumbersome and bumbling 
foreign policy can have reached the 
heights of guile suggested by Blackett. 

As to his argument concerning the in- 
dustrial appHcations of atomic energ^^ 
and Russia’s need for atomic power, one 
can only say that this is nonsense. To be 
the gi'eat industrial nation that she hopes 
to become, Russia needs power, indis- 
putably; but the sources of it now lie 
ready to her hand. Her coal reserves are 
the second largest in the world; her po- 


tential of water power is the laigest; by 
her own assertion her peti*oleum le- 
souices are larger than those of any other 
countiy. With this great w’ealth in the 
conventional pow^ei sources, Russia 
should be less dependent on atomic 
pow’er than any othei country. 

Further, the development of power 
from conventional sources is a straight- 
forward business which is well undei- 
stood by engineers. We are onlv in the 
falteiing beginnings of the engineering 
of atomic power. How shall we deal with 
the great intensity of lethal ladiation? 
What structuial materials best resist it 
without change and failure? How do we 
transfer heat efficiently in a structure the 
design of which is dominated by the 
necessities of its service as a reactor? 
How shall we dispose of the intensely 
radioactive wastes? Can we make a re- 
actor that will both dehver useful powder 
and “breed” new’ atomic fuel? How^ shall 
w’e guard against e.xplosioiis? In view of 
these and otliei vital questions, practical 
atomic power is too fai off to be a factor 
of significance in past or current policy. 

A ltogether, Blackett’s book ap- 
- peius to be an elaborate and 
lengthy defense of a set of fixed ideas 
held at the st.irt. J B. S. Haldane, one 
of Blackett’s colleagues in the British 
left, has said of him: “He has a mind 
w’hich seems to be much happier wuth 
real thmgs, which he can coimt and 
measure, than wath the moie abstract 
forms. . . What is moie, he finds the 

tilings he is looking for.” Haldane’s re- 
mark, made in an altogether different 
context, is particularly apt as a descrip- 
tion of the w’ay in wiiich the ideas and 
arguments of Blackett’s book must have 
been arrived at. 

His ideas coincide remarkably wuth 
the standard Russian view’s. He belittles 
the atomic bomb— wRich Russia has not 
got, but wants. He depreciates strategic 
air pow’er— which is the only arm we 
have that can strike a blow- at Russia 
(she does not fear our armies, surely, 
and she has no \4tal seaborne commerce 
to defend). He indulges in the most re- 
markable gv’mnastics of rationalization 
to convict us of chicanery in our external 
atomic policy— despite a U. S. proposal 
the geiierositv^ of which is unparalleled in 
the history of diplomacy. Blackett, and 
the Russians too, consistently refer to the 
limited world government which so 
many Americans desire as a “world 
hegemony” dominated by the U. S. 

Blackett’s argument carries its own 
antidote. The excesses and the absurdi- 
ties of the political views be urges are so 
cleai’ly the result of bias, and so clearly 
dominated by pro-So\det prejudice, that 
the whole work is suspect, and will ap- 
pear so even to the least discerning. 


Louis N, Ridenour is dean of the Gradu- 
ate College of the University of Illinois. 
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THE ALARM REACTION 


Imestigators at the University of Montreal have observed 
phvsiological changes in animals subjected to stress. Do 
similar changes take place in the harassed human animal? 


by P. C. Constantznides and Niall Carey 


I N BIOLOGY and medicine it is be- 
coming mcreasingly difficult to see 
the forest for tlie tiees. The Sjieciah- 
zation of modern reseaich leads into 
ever -nan owing paths. One man spends 
an entire lifetime studying a single hor- 
mone, another an enzyme, anothei the 
eirculation of the kidneys. Year by year 
the data pile up; yet in some respects 
this vast accumulation of facts is leading 
us no nearer to an understanding of the 
living organism as a whole. Biologists 
have pushed so far into their individual 
tunnels of exploration, and theie arc so 
many tunnels, that tlie relation of one 
finding to another may elude discovery 
for years. Obviously we have reached a 
point where it is highly desirable to 
widen the view, to conduct icsearcbes in 
breadth as well as in depth. 

At the Institute of Experimental Medi- 
cine and Surgery, the Univcisity of Mon- 
treal, Dr. Hans Selye and his team of 
biologists have been pursuing such an 
investigation for moie than a decade, 
with stimulatmg results. They have been 
studying the generalized le actions of a 
whole animal to tlie sti esses pioduced by 
its environment, A living organism con- 
sists of salts, enzymes, hormones, energy 
and a host of other elements, each of 
which may react in a specific way to 
some assault from outside; but the re- 
sponse of tlie organism as a whole is 
more tlian the sum of all these reactions. 
Life, and even death, is a chain reaction, 
and it is this linked process that Selye’s 
group has been examining. 

The particular focus of the investiga- 
tion is the adaptation of animals to vari- 
ous types of severe or prolonged injury 
that affect large sections of the body. 
From this work has come the discov^ery 
that the animal organism possesses a 
general defense mechanism which it au- 
tomatfcally mobilizes against anv dam- 
age, whatever the cause. The principal 
agent of the mechanism is the endo- 
errne^ system. As the ^officers of the de- 
fense, the hormones qall upon various 
org^ of the body for extraordinary ef- 
forts, If the stress becomes too great^ the 
animal is destroyed by its own defenses, 
for ultimately the strain is conveyed to 
the and the circulatory ^stem. 

"Bw &e research leads directly to a 




study of high blood pre.ssuie, haidemng 
of the aiteries and heart failure- the 
piincij^al causes of death among human 
beings today. 

Selye started this work some 12 years 
ago as the result of certain unexpected 
findings dming some experiments on 
rats. He was investigating theii specific 
responses to various diugs, poisons and 
gland extracts. He injected heavy doses, 
sufficient to kill the rats in a day oi two, 
and made a careful autopsy of eveiy ani- 
mal. He was surprised to find that cvciy 
substance he injected produced exactly 
the same le.sult in three of the animals’ 
oigaus- 1) the adienal glands swelled to 
twice theii usual size and changed in 
color Irom yellow to In own; 2) the 
thymus witheied away; and 3) the 
stomach lining was spotted with bleed- 
ing iilceis. The puzzling fact wa.s that 
these reactions were caused by such 
vvadely diverse substances as atropine, 
strychnine, foimalm, crude pituitary ex- 
ti acts— all entuely different m chemical 
stiucture and mechanism ot action. The 
only factor that the many agents had in 
common was that all were injected in 
quantities dangerous to life. Selye rea- 
soned tliat the respon.ses he ol^servecl 
must represent a nonspecific icaction to 
general damage as such, regaidless of 
the specific agent that caused the dam- 
age. 

If this were true, other types of acute 
stress ought to provoke the same re- 
sponse. Selye tested tliis assumption by 
subjecting animals for some hours to 
cold, to excessive muscular exercise, to 
lasting, to emotional excitement and to 
numerous other kinds of injuries Sure 
enough, all these nonchemical types of 
shess elicited m the animals the same 
unmistakable "'alarm reaction” (AR), as 
he called it. 

It was sQon discoveicd that certain 
characteristic chemical changes in the 
tissues and body fluids always accom- 
panied the AR. Among the first to be 
studied were the sugar and the chloride 
ions of the blood. During the first few 
hours of exposure to stress, it developed, 
both of these fall to subnormal concen- 
trations. After a few more hours, they 
rise above normal values. The Rvo pe- 
riods are now known respective^ as the 


“.shock phase” and the “countei-sliock 
phase” of the AR. 

AS a icsult of a gieat amount of work, 
done mostly in Canada and the 
U, S., we know considerably more about 
the AR today. Its anatomical .uid bio- 
chemical aspects have been studied in 
many othei species besides the rat. There 
IS no doubt that it reprcs’cnts a genoial 
defense icaction against sudden stiess in 
many highci vcitcbrates, including man. 
The most dramatic changes dining the 
AR occui in the adrenal glands. Tlie two 
adienals oI an aveiagc human adult 
weigh logelbci not inoie Iban 10 giams 
—about one 7,0()()lli ol tlie total body 
weight. But they arc exticniely imjoor- 
tant oigans, il they aie deslioyed, as in 
Addisons disease, death is incv^ilalffe. 
With the exception ol the brain centcis 
loi bieatbing and vascular tonus, ibeie is 
no other ecpially small pait of the body 
whose destriielion oi removal results in 
so quick a death. You can lemove both 
legs, two thhds of the livei oi a whole 
kidney and life will not be endangered, 
but li you remove an animars adienals, 
it loses its lesistance to the slightest dam- 
age and dies within a lew days. Obvious- 
ly, then, the adienals liold a key position 
as legulatois ol vital 1 unctions. 

The gland has a capsule, or cortex, 
enclosing a marrow, or medulla It has 
been known since the beginning ol the 
centiuy that the medulla produces acl- 
lenalm, a hormone that constricts blood 
vessels, laises the blood pressure, and 
mobilizes sugai from the liver in emer- 
gency situations. The function of the 
cortex— the only poition that enlarges in 
the ahum leaction— is a more recent dis- 
coveiy It IS now known that the cortex 
produces hoimones indispensable lo life, 
stoimg them in fat droplets, or lipids, 
winch give the cortex its yellow color. 
All of these hoimones are steroids, that 
is, fat-soluble compounds with the same 
basic chemical structure as the sex hor- 
mones, the cancer-pi oducing hydiocar- 
bons, the active ingredient of digitalis 
and certain other substances. At least 20 
adrenal cortex hormones are known. 

These are the messengers that mar- 
shal the alarm reaction. During the first 
hours of the AR, the hormones in their 



lipid vehicles aie rapidly discharged from 
the adrenal cortex into the bloodstream 
and race to the tissues of the body. 
There they perform their various func- 
tions, of which two are definitely known. 
1) They keep the composition of the 
fluid cell environment constant, mainly 
by retaining salts, particularly sodium, in 
the solution between the cells. The 
most important salt-retaining hormone is 
desoxycorticosterone, more commonly 
known as DCA. 2) They promptly build 
up sugai*, a ready energy donor, fiom 
other materials, particularly proteins. 

How important these two functions 
are can easily be judged from the fact 
that ammals whose adrenals are re- 
moved die with their blood almost 
drained of salt and sugar. On tlie other 
hand, the injection of salt-retaimng and 
sugar-formmg adrenal hormones can 
prolong the life of such animals consid- 
erably, it also raises then resistance to 
otheiwise fatal stress. 

Yet the adrenal itself does not act in- 
dependently It IS merely an executive 
of higher coordmating centers, from 
which it receives ordeis as to when to 
act, how much to act and what hormones 
to discharge The adrenal cortex, like al- 
most all other endocrine glands, is under 
the direct command of the anterior part 
of the pituitary gland— the “leader of the 
endociine orchestra ” If tlie pituitary is 
remolded, the adrenal cortex shrinks and 
becomes inactive It can regain its noi- 


mal size and function only if a new 
pituitaiy" gland is transplanted mto the 
animal or if pituitary extracts ( i.e , hor- 
mones) are injected. 

Fundamentally, then, the AR is con- 
ti oiled by the pituitary. Remove this 
gland, and no AR can occui, when the 
animal is placed under stress there is no 
activation of the adrenals, no thymus de- 
struction, none of the other typical AR 
changes Yet the pituitar\’ cannot act 
alone an animal whose pituitary is left 
intact but whose adienals are removed 
shows no AR in response to stress. 

Thus a long series of experiments 
clearly outlined the AR mechanism. 
Acute stress acts on the anterior pituitary 
through some unknown pathway, the 
pitmtarv rephes by mobilizmg the ad- 
renals, which discharge their hormones, 
which in turn destroy the thymus and 
effect most of the other changes. This 
process has been found to be set in train 
bv hundreds of damagmg agents. There 
are, however, a few interesting excep- 
tions Certain sti*ess agents can destroy 
the thvmus directly in animals whose 
adrenals have been removed. A signifi- 
cant fact is tliat all these “unusuar’ agents 
have something to do with cancer. 

AFTER the alarm reaction was estab- 
hshed, the next major step in the 
experiments was an investigation of ani- 
mals' long-range responses to stress. 
What would happen if the organism 


weie exposed to continuous, prolonged 
sb'ess of an intensity below the lethal 
level, a stress strong enough to strain the 
defenses almost to the limit, yet not suffi- 
ciently ovei*\vhelming to silence all de- 
fense at once? 

Animals were subjected to sublethal 
daily stress with tlie same agents for 
several weeks instead of a few days. 
During the first few days, the oiganism 
responded with tlie usual AR. It showed 
the tv'pical organic and chemical 
changes, growth and sex functions 
ceased, and all the signs of an intense 
tissue breakdown were present. 

As the stress continued unabated, the 
animals that siu'vived tlie AR began to 
recover The adrenals started to refill 
their empty stores with hpids and re- 
verted to normal size; the thymus began 
to regain its mass, and such substances 
as sugar and chloiides m the blood rose 
to normal or even higher levels. At the 
height of that state the organism had in 
some w^ay accomphshed an adaptation to 
the continuing stress. Its organs and their 
functions w^ere apparently retiiriimg to 
normal. In some instances it was difiBcult 
to distinguish such animals from control 
animals not under sti'ess. This stage, last- 
ing from a few^ weeks to a month or 
moie, w^as called the “stage of resist- 
ance.” 

It should be noted, how^ever, that re- 
sistance increased only against the one 
t\^pe of stiess employed from the begin- 



RATS ARE EXERCISED in a motor-driven drum at 
the University of Montreal’s Institute of Experimental 
Medicine and Surgery. When they are regularly subject- 


ed to this kind of stress, the rats develop the familiar 
symptoms discussed in this article : enlarged and discol- 
ored adrenals, a wasted thymus and ulcers of stomach. 
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mng It, in the middle of this reco\’eiy 
penod, the sti'ess against which adapta- 
tion developed was replaced by a differ- 
ent one, the animals succumbed inime- 
diatelv. Quantitative experiments with 
grade’d amounts of shess showed that 
while tlie animabs specific lesistance to 
the initial agent increased, its lesistance 
to any odiei stress decieased 

The adaptation to the oiiginal stiess 
was not peimanent. As the stiain con- 
tinued after the recovery period, the 
animals became progi'essn'ely weaker, 
the achenals enlaiged again and dis- 
charged their lipids, the thymus lost the 
mass it had recovered; sugar and chlo- 
rides fell to dangeious levels; after a few 
weeks all defenses collapsed and life 
ceased. This last “stage of exhaustion” 
was similar to tire initial alarm leaction. 
The end was hke the beginning. 

Thus the stimggle of life against sti'ess 
\\ as found to consist in tliree successive 
acts, all aiming at a balance which was 
not quite attained during the AR, was 
achieved during the stage of resistance 
but was lost again dining the stage of 
exhaustion. Evidently the war of the or- 
ganism against damage was waged at 
the expense of a finite capital of “adapta- 
tion energy.” The whole battle was 
named the “general adaptation syn- 
drome” (GAS). 

T he establishment of the GAS opened 
a number of fascinating fmidamental 
problems. Life as a whole could be re- 
garded as a GAS that ends when adapta- 
tion energy runs out. More immediately, 
the phenomenon suggested some studies 
of gi'eat medical interest. 

Some t\qoes of stress are so seveie that 
an animal can develop resistance for only 
ti ver}^ short period; others permit a pro- 
longed adaptation loefoie tlie animal be- 
comes exhausted. Animals can adapt 
themselves to cold, for example, for pe- 
riods as long as two or three months. 
And such animals presented quite un- 
expected changes The arteries were 
enormously thickened and then bore was 
narrowed almost to obliteration in nu- 
merous districts of the body; the heart 
was abnormally large and filled with 
nodules veiy^ lifie those appearing in hu- 
man rheumatic disease, the kidneys were 
largely destroyed through hardening and 
closing of their vessels— as in human 
nephrosclerosis-and the blood pressure 
rose more than 50 per cent.* In otlier 
words, long-lasting stress had produced 
in these animals hypertension and car- 
diovascular disease. 

This was a finding of the highest im- 
pcHtance in experimental medicine. It 
suggested that these diseases might be 
caused by the pituitary-adrenal mecha- 
mm, perhaps by th^ excessive produc- 
tion of their hormones. If one could pro- 
duce tire changes found in these animals 
by boding the organism with large quan- 
of pitiutaiy and adrenal hormones^ 


then at least some lorms of degeneiative 
diseases would appeal to be the conse- 
quences of “over- adaptation,” i e , the 
defense mechanism that an animal de- 
velops diiiing the stage ol piolonged re- 
sistance to stress. 

The experiment was made, A number 
of animals were dosed with large 
amounts of these hormones. Extiacts 
would not do for this puipose, foi one 
can never be suie how much hormone 
they contain or that they include every- 
thing piocluced by the gland in the natu- 
ral state. Foitunately the previously 
mentioned adienal hoimone desoxy cor- 
ticosterone, or DC A, was available in 
pme, crystalline foim. Because chemists 
have not succeeded in synthesizing any 
pituitaiy hormones, it was decided to 
use the whole anterior lobe of this gland, 
powdered and suspended m watei In 
laboratoi-y terms the pioduct, “lyophil- 
ized anterior pituitary,” is refeiied to as 
LAP Continuous injections of large 
amounts of DC A or LAP aie equivalent 
to the prolonged and excessive secretion 
of hoimones by the adrenal oi the pitu- 
itary, respectively. 

The results weie lemaikable. In three 
weeks the animals that were injected 
with DCA developed seveie hypei ten- 
sion and hardening of the kidneys. Those 
tieatcd with LAP showed a stiikingly 
similar picture, though alter a somewhat 
longer interval. 

In medical lesearcli one can nevei 
lose sight of the ultimate objective, 
namely, the cine of patients. The inves- 
tigator first devotes every effoit to le- 
piodiicing a disease m animals, and 
when he has succeeded he turns to the 
endeavor to destroy that disease. In 
searching foi ways to combat the diseases 
pioduced by too much hormone produc- 
tion, one of the most obvious taigets 
would be to try to neuti'alize the hor- 
monal excess, in other woicls, to find a 
chemical antidote. Logical as it seems at 
first sight, this is too complicated a task 
at present. In the first place, we do not 
yet know the chemical mechanism of the 
hormones’ action. Secondly, we must not 
forget that the organism needs those hor- 
mones, even if by overproducing them it 
poisons itself with its own defense sub- 
stances. 

A more practicable appioach was sug- 
gested by experience in the treatment of 
other endocrine diseases. Some of these 
diseases can be alleviated by control of 
the diet. A case in point is diabetes, in 
which the basic trouble is a hormone de- 
ficiency. In moderate cases diabetes can 
be completely controlled by a diet low 
in sugar. 

It was conceivable that the experi- 
mental hypertension produced in ani- 
mals by overdoses of hormones or by 
stress might flounsh on some diets and 
be suppressed by others. The animals 
were therefore subjected to a great va- 
riety of diets;, a process which had to he 


pursued by tiial and eiroi because ihcie 
was little indication as to what diets 
might be helplul 

F rom the many tests, two facts 
emeiged cleaily. One was that exper- 
imental hypei tension produced by DCA 
was markedly affected by salt in the diet. 
A high salt intake increased both the Ire- 
quency and the intensity of the patho- 
logical changes caused by that hormone. 
Conti ariwise, when the animal was fed 
a salt-free diet, it was immune to hy- 
pci tension, even when considerable 
amounts ol DCA were injected. The sec- 
ond finding was that liypertension 
caused by stiess or LAP was not aflected 
by salt at all but was influenced by pro- 
tein in the diet. A low-protem diet al- 
lorded considciable piotcction to the 
animals, while a high-protein intake ag- 
giavated the damage. 

Thus sodium favored the adrenal hor- 
mones, and piotems favored stress or the 
pituitary hormones m their injurious ef- 
fect on blood vessels and blood pressure. 
The why and wherefore of these results 
IS still unknown. It may be that DCA 
cannot act without the simultaneous 
picscnce of sodium. Poihaps the pituita- 
r) manufactures adienal-stimulatinghoi- 
moncs horn food jirotcins. Rc.seaich on 
these questions is now going on. One oi 
the present objectives is to find out 
whelhei it is the total cjuanLity ol pro- 
teins that counts or a protein constituent, 
i e., an ammo acid. 

In any event, thc.se experiments tend 
to strengthen the case for the widely held 
belief that some forms of human cardio- 
vascular disease aie due to hormonal de- 
langements. Medical experience has 
taught doctois that patients with high 
blood pressure fare best on a low-so- 
dium, low-protem diet, This is exactly 
what the animals needed to withstand 
the desti action of thou blood vessels by 
piolonged stiess or by hoi monos. 

The research of Selye’s group yielded 
another key fact, namely, that m this 
whole general pioecss the kidneys aie 
somehow deeply involved. Thev aie 
early victims of damage in the resistance 
phase of the GAS or during the inunda- 
tion of the body with pituitary and ad- 
lenal hormones But they also seem to 
be something moie than passive targets. 
A great deal of work since the turn of 
the centuiy has shown that the kidney 
itself can become the actfve cause ol the 
most malignant hypertension. There is 
considerable evidence now that under 
certain abnormal conditions parts of the 
kidney tissue may stop their normal func- 
tion, which consists m filtering the blood 
and producing urine, and start produc- 
ing hormones that raise blood pressure. 
In the rat, this was beautifiillv demon- 
strated by what is now known as the 
“endocrine kidney” of Selye. By a surgi- 
cal operation that interferes with the 
blood supply of one kidney, the whole 



organ is transfoimed into an endocrine 
gland, and in a few days the blood pres- 
sure rises to fatal levels. It is a particular 
feature of the endocrine kidney tech- 
nique that only one kidnev is trans- 
toi med into a gland while the other gets 
all the damage 

Correlation of the evidence deriv^ed 
horn all the numeious expeiiments on 
the GAS has led Dr Selye to formulate 
the following cunent hypothesis. Long- 
lasting sti'ess provokes an excessive pio- 
duetion of adrenal-stimulating hoiinone 
m the anterior pituitary, this forces the 
adrenal cortex to an intensive discharge 
of DCA-like hormones w^hich, among 
other things, affect the kidney in such 
a way as to release hypertensive sub- 
stances. 

I N a sense the research is only begin- 
ning, Its implications are tiemendous. 
In the GAS we seem to see the merest 
outhnes of a great biological chain reac- 
tion which can be set off by almost anv 
sti ess and winch may frequently lead to 
the suicide of the organism. Some of the 
links m this chain are still missing, but 
its essential stiuctuie has been amply 
confiimed As a result, large-scale re- 
seaich in this field is now starting in 
in anv laboratories 

Should further rcseaich prove that 
chronic stress can produce the same dis- 
ordeis in man as m animals, it would 
appear that the most frequent and fatal 
diseases of today are due to the “w^ar 
and tear’' of modern life One might 
question wiiether sti'ess is peculiailv 
characteiistic of our shelteied civiliza- 
tion, with all its comforts and amenities 
Yet these very protections— modern la- 
bor-saving devices, clothing, heating- 
have rendered us all the more vulnerable 
and sensitive to the slightest sti'ess. 
^Vhat w^as a mild sti'ess to our forebears 
now frequently lepresents a minor crisis. 
Moreover, the frustrations and repres- 
sions aiising from emotional conflicts in 
the modem world, economic and politi- 
cal msecuritv, the drudgery associated 
with manv modern occnpations— all 
these represent stresses as formidable as 
the most severe physical injury. We live 
under a constant sti'ain; w^e are losing 
our abilitv' to relax, we seek fiesh forms 
of physical or mental stimulation. 

Thus it w'ould not be surprising to 
find that much of our organic disease 
derives from psychological trauma, with 
the general adaptation syndrome as the 
bridge that links one to the other. If this 
he true, medicine may ev^entually find a 
cure for the consequences of stress; but 
prev^ention of the basic causes will re- 
main a task that lies beyond its reach. 


P. C. Consfantinides and Niall Carey 
are research assistants in the Insti- 
tute of Experimental Medicine and 
Surgerij at the University of Montreal^ 




ADRENALS of a normal rat and of a rat that has been subjected to stress arc 
compared. The gland of the normal rat (top) is a tiny organ with a yellow- 
ish color which is due to droplets of hormone-hearing lipids. After stress the 
gland becomes greatly enlarged and its color is changed to brown {bottom ) . 




BLOOD VESSELS supplying a segment of rat intestine are similarly com- 
pared. The intestine of a normal rat (top) is supplied hy line vessels. The 
vessels of a rat subjected to stress (bottom) are enormously thickened. The 
sclerotic vessels contribute to high blood pressure and death of the organism. 
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Atomic Energy 

H OW LARGE is the U. S. stockpile 
of atomic bombs^ The question was 
raised last month by Senator Bneii 
McAIahon of Connecticut, chairman of 
the Joint Congressional Committee on 
Atomic Energy, who suggested that the 
Atomic Energy Commission prepaie a 
report on the advisability of making the 
information public. He was rebuffed— by 
fellow members of his Committee, by the 
President at a press conference and by 
U. S. delegates to the United Nations, 
who notified the Security Council during 
a debate on armaments that thcie would 
be no release of atomic aims data. 

That the stock of atomic bomb matC' 
rials is now ^substantial was made fairly 
clear in the lecently released semiannual 
leport of tlie AEG to Congress U. S. 
production of uranium 235 and pluto- 
nium, which fell off after the war, passed 
the wartime rate late in 1948 and con- 
tinues to rise. The improved bombs 
tested at Eniwetok last spring have been 
or will soon be placed in production. The 
output of both bombs and fissionable 
materials will be further increased by 
the addition of new plants, to the con- 
struction of which is 'allocated 40 per 
cent of the $792 million budget re- 
quested by the AEG foi the coming 
yean 

The AEG report, the most comprehen- 
sive yet issued, ranges in detail ovei a 
huge program of activities—and prob- 
lems. Two of the three plants at Oak 
Ridge, it reveals, no longer produce 
U-235. The plant fonnerly used for the 
electromagnetic separation of U-235 is 
now employed in llie purification of 
tracer isotopes. The thermal diffusion 
unit is being dismantled. Improvements 
in the gaseous diffusion plant have at 
least partly made up the loss of U-235 
output from the odier estabhsliments, 
and a large addition to the gaseous diffu- 
sion plant is to be completed by 1951. 

Plutonium production at Hanford has^" * 
been raised above the wartime level 
through extensive repairs to tire chain- 
reacting piles, which had been close 
to breakdown!. The report adds that 
n^dear piles may eventually become so 
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poisoned by radioactivity that they will 
have to be shut down permanently. Con- 
sequently the several new plutonium 
piles to be built at Hanfoid tins year may 
leplace rather than supplement the origi- 
nal Hanford leactors. 

Meanwhile the efficiency of the exist- 
ing nuclear fuel plants has been im- 
proved. Savings of 15 to 21 pei cent 
have been effected in several processes, 
such as the preparation of uranium oxide 
and the refining of metallic uranium. 

In regard to personnel pioblems, the 
AEG admits that “pi ogress has not been 
satisfactory.” To speed up the security 
clearance ol employees the Commission 
lecently issued a set of standard eligibil- 
ity criteria. These have added some new 
questions, such as whether an employee 
has close relatives in “Iron Curtain” 
couiitiies They also require a foim of 
cleaiance, termed “security appioval,” of 
contractors’ employees whether or not 
they have access to secict mateiial. In 
spite of the various steps taken, llie cleai- 
ance piocednre has not been acccleialed 
to the point where the AEG can tackle 
the long-standing piolilcm ol gi anting 
healings to applicants for positions who 
fail to obtain clearance. At present only 
tliosc already on the AEG payioll liav^e 
the right to a hearing. 

In its leview of scientific advances the 
Commission reports tliat Los Alamos 
physicists have liquefied helium 3, the 
rare light isotope of that element. The 
temper atm e at which helium 3 liquefies 
is 3.2 degiees absolute ( — 269.8 degrees 
Centigrade), which is nine tenths of a 
degree below the boiling point of ordi- 
nary liquid helium. Not enough helium 
3 has yet been accumulated to determine 
whethei it behaves as a superfluid, like 
helium 4, or as a noimal fluid, as present 
physical theory predicts 

Among other discoveries is a new tvpe 
of chemical reaction which may ulti- 
mately be of gieat importance. Woikers 
in several laboratories have found that 
when a salt such as potassium chloride is 
inadiated \vith neutrons in a pile to 
transmute chlorine 35 into sulfur 35, the 
product is not potassium sulfide, as ex- 
pected, but potassium sulfate. Nothing 
like this had been observed before. In 
some unexplained way the eneigy de- 
veloped in the pile oxidizes the sulfur 
from a sulfide to a sulfate. Since oxida- 
tion is fundamental to many processes in 
^chemistry, this new type of oxidation 
reaction may have important apphea- 
tions. 

The AEG will soon build a large labo- 
ratory somewheie in the West to bouse 
the plant to be built for the Westing- 
house Electric Corporation to study the 


application of atomic power to ship pro- 
pulsion. It also plans to coiistiuct a new 
type of nucleai reactoi which will op- 
erate at the highest lacliation intensities 
yet attempted. This reactor will test ma- 
teiials for still “hotter” piles to come. The 
plans weie announced by Robeit F. 
Rachel, plnsicist membei of the Com- 
mission, beloie the American Academy 
of Arts and Sciences Bacher also cle- 
sciibed m moie detail the pieviously an- 
noimced experimental power piles to be 
built at the AEC’s Argonne and Knolls 
establishments. Both will be “bieedcis” 
—icactors that create moie nuclear lucl 
than they consume—and tlicy will utilize 
liquid metal to cany heat from the 
atomic ovens to the power plant propei 
The Aigonnc pile will use fast neutrons, 
the Knolls pile, the first of its kind, will 
operate on neutrons of intei mediate en- 
cigy. In addition, the AEG is woikmg 
on the design of a low-power lesearch 
pile simple and inexpensive enough for 
construction at a number of laboratoiies 
now without pile facilities 

In June the Commission will publish a 
detailed repoit on the effects of atomic 
l)ombs. Tile icport is lieing prepared by 
a large stall ol contiilmtois under the 
editorship of Norris Biadbuiy, dnector 
of Los Alamos, and Joseph O. Hirsch- 
felder of the University of Wisconsin- It 
will covei blast, heat and radiation ef- 
fects of atomic explosions over land and 
in watei, and will discuss tlie problem of 
civil defense against atomic attack. 

Soviet Uranium 

A lthough the u s. s r. has no 

known uumiiim deposits as rich as 
those m the Canadian Arctic, the Belgian 
Congo or Czechoslovakia, low-grade oies 
aie plentiful enough to suppoit a Soviet 
atomic power mdustiy, accoidmg to a 
survey of Russian geological litciaturo by 
D. B. Shimkin of the Harvard University 
Russian Reseaich Center. He leports in 
Science that piomising uranium-bearing 
deposits exist m three areas of the 
U. S. S. R The largest, in the Fergana 
Valley east of the Caspian Sea, have 
been mined on a commcicial scale foi 41 
years. They resemble, in composition as 
well as in size, the carno tiles of the 
western U. S. The other deposits, of a 
different type, are in Siberia northeast of 
Lake Baikal, and in the Ukraine. 

The Feigana area, Shimkin points out, 
is well suited to atomic mdustiy. The 
deposits are within 250 miles of a large 
hydroelectiic plant at Tashkent. Trans- 
portation, labor supply and climate are 
favorable, and the area is distant from 
Russia’s western frontier. It may there- 




foie 1)6 one of the chief centeis of cm- 
lent Soviet atomic eneig\ efiorts. 

Man-Made Mesons 

II /TES OXS. the puzzling particles 
i?JL found in the debris of atomic nu- 
clei shatteied by cosmic rays {.see po^e 
28), weie first pioduced artificiaily a 
yem ago b) bombaidment of atoms with 
*400 million- volt alpha pai tides T]ic\ 
have now been created by similar bom- 
bardments with X-ra\ s and protons Tlie 
Unu'ersitv of California Radiation Lalio- 
latory announces that mesons w^eie made 
by a beam of oOO millioii-volt X-ra\’s 
from its new synchrotron and bv 350 
million- volt piotons horn its lS4-inch 
cyclotron. 

The California synchrotron was placed 
in operation Januaiy IT. Invented inde- 
pendently by E. M. McMillan of the ! 
Radiation Laboratory and the Russian I 
V. Veksler, the synchrotron is designed ^ 
to accelerate particles bevond limits im- 
posed on older machines by relativistic j 
forces. The Cahforma machine, the 
fourth of its type, and much the most 
pow^erful, IS designed specifically to ac- 
celerate electrons, wdiich gam “relativis- * 
tic mass” very rapidly as their speed in- ' 
creases and which cannot be accelerated 
effectively at all m most tv^pes of paiticle 
acceleratois. Because electrons are pooi 
projectiles, they are not used directly m 
bombardment experiments, but after ac- 
celeiation are converted to X-rays of 
equivalent energy. 

The production of mesons by protons 
was made possible bv modification of 
the 184-inch cyclotron, which had pre- 
viously accelerated only deuterons and 
alpha particles, to accelerate protons as 
well. Protons from the modified cyclo- 
ti*on have also generated a beam of 350 
million- volt neutrons. With the synchro- 
tron and rebuilt cyclotron, the Radiation 
Laboratory has an array of instruments 
able to accelerate nearly all the funda- 
mental particles into die cosmic-ray en- 
ergy lange. 

Chemistry of Heredity 

A SERIES of discoveries which fur- 
nish an important clue to tire ulti- 
mate nature of the mechanisms goi^ern- 
ing mheritance and the differentiation of 
tissue has been made by A. E. Mirsky 
and Hans Ris of the Rockefeller Insti- 
tute for Medical Research. 

Chromosomes— the bearers of heredity 
—are composed largely of proteins and 
the complex compound desoxyribonu- 
cleic acid. Little has been known about 
the role of these compounds in the 
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A Perkm-Elmer Infrared Spectrometer at the Research and Develops 
ment Laboratories of Merck & Co.., Inc.., Rahioay, New Jersey. One 
of its various uses is in the absolute quantitative analysis of benzyl- 
penicdhn in complex natural mixtures. 

THE mPRARED SPECTROMETER AIDS 
IN THE PRODUCTION OF PENICILLIN 

ASA RESULT of Sir Mexander Fleming's discovery of peni- 
ciJlm, a vast scientific research effort has heen made to 
devise manufacturing methods for this new antibiotic. An 
mdication of the achievement of the program is the present 
availability and low cost of penicillin. 

Infrared spectrometry^ contributed greatly to both the 
research and production phases of the program. It was an 
infrared spectrum w“hich provided an important key to the 
penicillin structure. And, at the laboratories of Merck &: Co., 
Inc,, a procedure based on tbe use of a Perkin-Elmer Infrared 
Spectrometer was developed for rapid, accurate ben2q4peni- 
cillin assay. This problem has long plagued manufacturers 
smee previous methods had required time consuming culture 
plate tests which do not accurately evaluate the benzylpeni- 
cillin content in the presence of the other naturally occurring 
penicillm analogs. This is one of the many cases where the 
application of infrared methods is vital to the development 
and manufacture of important organic mateiials. 

We icill obtain spectra of samples to study possible appli- 
cation of infrared methods to analysis. Submit your problem to 
The Perkin-Elmer Corp..^ Dept. 73, Glenbrook, Conn. 
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chromosomes. Cliiomosonies, found in 
virtuallv all cells of the bod\ , are known 
to initiate and regulate the complex 
piocesses of growth. B\ caieful micro- 
chemical analysis, Mirsky and Ris detei- 
inined tliat ei’erv’ set of chiomosomes in 
the body cells of an individual contains 
exactly the same quantity^ of desoxyribo- 
nucleic acid. Sperm and egg cells contam 
precisely half this amount; thus their 
finding pio\'ided chemical confirmation 
of tlie well-known fact that the chiomo- 
somes di\ude when sperm and egg cells 
aie formed. The quantiU^ of protein m 
the chromosomes, on the other hand, is 
not the same m all body cells but de- 
pends on the type of cell (hver, muscle 
and so on) This suppoits the view that 
differentiation of tissues lesults from dif- 
ferent nucleoprotein-enzvme complexes 
in different types of cells. 

Mirsky and Ris, aftei studying a wide 
variety of vertebrates and invertebiates, 
found that with certain exceptions the 
quantity^ of desoxyiibonucleic acid in 
each cell is constant for all individuals 
of a species but vaiies from species to 
species. This suggests that, just as varia- 
tions 111 chromosome protein may under- 
lie tissue differentiation, variations m 
desoxyribonucleic acid may be the chemi- 
cal basis for the differentiation of species. 

AMA Health Plan 

T he American Medical Association 
IS reported to be prepaiing bills of 
its own to implement a 12-point nation- 
al health program which it proposed 
last montli as an alternative to national 
healdi insurance and the health piogram 
of tlie Truman administration. 

The AMA proposes the establishment 
of a Federal department of health head- 
ed by a secretary of Cabinet rank who 
must be a doctor of medicine. The de- 
partment would take over all medical 
and public health activities of the Fed- 
eral government except the mililarv ac- 
tnnties of the armed forces’ medical 
services. The other 11 points in the AMA 
program are, 1) Government support of 
medical research through the agency of 
a nabonai science foundation, 2) exten- 
sion of the present system of \'oliintaiY 
hospitalization and medical care insur- 
ance; 8) establishment of a medical care 
authority in each state to administer state 
and Federal appropriations, which 
would include medical care subsidies for 
the needy; 4) establishment of rural di- 
agnostic and hospital centers; 5) expan- 
sion of local public health services; 6) 
support of the already authorized Fed- 
erd mental health program; 7 ) a national 
health education program; 8) Federal 
support for the care and rehabilitation 
of. the aged and die dhronically ill; 9) in- 
te^tion of veterans’ medicd care facili- 
ties with those of other agencies; 10) 
^eater emphasis on indttstrial 
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The AMA made public its piogram a 
few’ davs aftei 138 piomment physicians 
had sent it a public letter. The letter 
ciiticized the Association's failure to de- 
V’clop an effective piogiam for impiove- 
ment of the nation's health and an- 
nounced the signers’ lehisal to pay the 
$25 assessment ordered by the Ah I A to 
finance an educational campaign against 
national health insurance The Kings 
County Medical Society, among others, 
has voted disapproval of the assessment. 
AMA officials have now ruled that no 
action ivill be taken against doctois who 
lefuse to pay it 

Columbia Valley Authority 

A BILL to set iqo a Columbia \hilley 
Authority similar to the Tennessee 
\hilley Authoiity is being prepared lor 
introduction into Congress at the lequest 
of the President. 

If the bill passes, the CVA will launch 
a coordinated powei, irrigation, naviga- 
tion and flood control program for the 
Columbia River and its hibutuiies The 
Columbia system, by virtue of its huge 
volume of watei and swift falls, is the 
gieatest water power icseive m the 
woild As a start, the Authoiity would 
lake ovei Giund Coulee and Bonneville 
Dams and tlie wires ol tlie Bonneville 
Powei Administration loi integration 
into a power grid covering Washington, 
Oregon, Idaho and part of Monbina. 
The generating capacity alieady in- 
stalled at these dams totals 1.5 million 
kilowatts. This \vould be more than dou- 
bled by additional geneiatois to be in- 
stalled at Grand Coulee and bv comple- 
tion of thiee huge dams now under 
construction— Hungry Hoise m upper 
Montana, Andeison Ranch in Idaho and 
McNary on the Washington-Oiegon 
boundary. Eventual development of kill 
other dam sites would laise the Colum- 
bia’s geneiation to more than seven mil- 
lion kilowatts-one-eighth the piesent 
capacity^ of the entire electric 'power 
indusbv in the U. S. 

148 Million People 

A RECORD low death rate and the 
second greatest number of births in 
oui history combined to raise the popu- 
lation of the U, S. to 148 million at the 
beginning of 1949 If the present rate of 
growth continues, by 1950 om popula- 
tion will pass 150 million 
According to estimates by the Metro- 
politan Life Insurance Company, the 
death rate last year was 9.9 per 100,000 
-about one and a half per cent below 
the rate for 1946, tlie year with the low- 
est previous rate. The drop resulted 
largely from the continuing decline in 
deaths from tuberculosis and pneumo- 
nia, the mortality from which was re- 
spectively a fourth and a sixth lower than 
in 1946. Deaths from the communicable 
diseases of childhood were near the van- 


ishing point Maternal deaths also set a 
new low Only deaths from cancel and 
the caidiovascular-ienal diseases showed 
a use The average length of life was 
67.16 yeais, as compared with 66.86 
yeais in 1947. 

In 1948 theie weie 3,650,000 biiths— 
only 260,000 below 1947’s recoid. The 
population gam during the year was 
nearly two and a half million. For the 
decade 1940-50, the U. S. population 
inciease will probably total 17 million, 
the hugest gam in any decade m oui 
history Population experts believe that 
this recoid is not likely to he sur- 
passed m any decade in the loieseeable 
f utm e 

Foreign Medical Graduates 

T liE Fedeiation of State Boards 
of Medical Exarmneis has pioposed 
that no doctois graduated from foieign 
medical schools since 1935 be loermittkl 
to take examinations foi licenses to piac- 
tice m the U S. The Federation also 
asked the Veterans Administration to 
cease paying the expenses of veterans 
studying medicine abroad. Only Cana- 
dian medical schools would be exempt 
Irom these interdictions. 

1 he Fedeiation said that the proposed 
piohibitions were necossaiy “to keep 
medical standards at a high level and 
thereby piotect the public/’ It asscited 
that "it IS generally known that there has 
been a marked delerioi ation m medical 
teaching and equipment” in medical 
schools abioad since 1935. An apparent 
disagreement with this conclusion, so fai 
as Scandinavian medical schools are con- 
cerned, has been expressed in reports bv 
Dis Albeit B Sabm and Eugene B. Fei^ 
ris, Jr , of the University of Cincinnati 
College of Medicine, who made postwar 
Slaveys of Scandinavian and Polish 
schools. They found the Danish, Noi- 
w^egian, Swedish and Finnish medical 
schools “of such caliber that ihe people 
licensed there should be admitted to ex- 
amination for licensme heie ” 

World Economy 

T he WORLD production of all goods 
and commodities was about 10 pei 
cent higher in 1948 than in 1947 and 
20 pei cent higliei than in 1937, accord- 
ing to the United Nations Department 
of Economic Affaiis Some of the acute 
postwar shortages of goods and food are 
nearing an end, 

Nearly all countiies last year had such 
large crops that the world food situation 
has been “substantially improved.” In- 
dustrial production, paitly because of 
technological advances and increased 
labor productivity, recorded an even 
greater gain. Output in the first nine 
months of the year showed increases of 
11 and 32 per cent over the correspond- 
ing periods of 1947 and 1937. 

The improvement was by no means 



■uiiil:oiin in all countries, however Most 
of the gam in industrial production was 
registered in Em*ope and the U. S. S. R. 
Sev^ere shortages of manufactured goods 
continue in many parts of the world, 
iiotablv’ m Asia and Latin America. 

Housing 

A CAREFUL study of the woild 
housing situation made at the du*ec- 
tion of the UN Geneial Assembly finds 
that a thoioughgomg revolution in con- 
sti'uction methods is necessary to ovei- 
coine the planet-wide housing shortage 
The report proposes an international i e- 
organization of the building industiy. 

Europe alone has an accumulated 
deficit, going back to the First World 
War, of 14 million housing units. To 
provide only as much space per capita 
as was available in 1939 would take 22 
yeais of construction at double the pre- 
w’ai rate. At that rate Sweden might le- 
tmn to the position of 1939 m six years, 
but Greece would need 154 yeais, and 
some Euiopean countries would never 
close the gap between the housing avail- 
able and the needs of then inci easing 
populations. Yet with present building 
methods, even this minimum constiuc- 
tion rate is probably impossible because 
of lack of sufficient building materials 
The authors of the report suggest that 
one indispensable lequiiement is an in- 
ternational piogram to promote the de- 
velopment and use of prefabiieation 
techniques One contiibutor, Ernest 
Weissmann, director of the Industiv and 
Materials Division of the UN Economic 
Commission for Europe, pioposes the 
creation of a special in tei national agency 
for lesearch on housing. 

U, S. S. R, Quits JVHO 

T he U. S. S. R., white Russia and the 
Ukraine have wnthdrawii from the 
Woild Health Organization, the onlv 
new specialized UN agency m which 
they still held membership. In notices of 
resignation to WHO, they said that the 
organization had failed to accomplish 
the tasks set for it by the World Health 
Conference in 1946 and that mainte- 
nance of its “swollen administrative nia- 
chineiy involves expenses vdiich are too 
heavy for member states to bear,” The 
annual assessment foi the Sovdet repub- 
lics has been $350,000. The U. S, S. R. 
played an active role in WHO at the be- 
ginning but withdrew from work m its 
technical committees at about the mid- 
dle of last year. 

Meetings in Apj'il 

A merican philosophical Socieu^ 

> Philadelphia. April 21-23. 

National Academy of Sciences Wash- 
ington. April 25-27. 

American Physical Society. Washing- 
ton. April 28-30. 
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SHOWER OF PARTICLES is released by a higli- 
energy particle entering cloud chamber of W. B, FrCtter 
^tbe Umyers% of CaMornia, Wi*ip tbe chamber are 
M haH-inch lead plates y^hieli compress into a few 



inches events that are spread out over much greater 
distances in air. The lead plates are here seen from the 
edge. The initial particle slants in from upper right. Be- 
lotv it is a burst of electrons and penetrating particles. 
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COSMIC 



On its majestic journey through space the Earth passes 
through a harsh rain of atomic particles. Presenting a 
brief review of ivhat is now knotvn about the phenomenon 


T he cosmic radiation has 
been described as a bombardment, 
but this picture should not be taken 
literall}' The Earth is not a target at 
which some celestial artilleiy aims its 
missiles Our planet is a travelei in a 
universe in which all things move As 
it rides its vast curve through space-time, 
the Eaith continually encounteis mov%-' 
ing objects of many kinds: meteors and 
othei planetary fragments, ultia-high 
frequency radio impulses from distant 
sideieal generatois, the light of the Sun 
and stars, as well as the high-energy 
pai tides known as cosmic lays 

Cosmic rays aie something Out Theie, 
like the i am into which a man goes— only 
it would be necessary for die lain to 
fall upwaid and sideways, as well as 
down, to provide an analogy to cosmic 
rays. For these emgmatic pai tides strike 
the Earth from all directions, and seem- 
ingly they aie eveiy where present in that 
part of the firmament thiough which we 
are moving 

The raindrops in any given rainstonn 
are faudy uniform and fall with approxi- 
mately constant sizes, masses, and velo- 
cities. Detectois have recorded such 
diveise particles as photons, electrons, 
positrons, mesons, protons, and heavier 
nuclear fragments. A few of those which 
reach sea level aie primary cosmic rays, 
but most of them aie ofishoots resulting 
from collisions with air molecules From 
the top of the atmosphere to its bottom 
at sea level, the absorbing power of tlie 
air IS equivalent to that of a jacket of 
lead 40 inches thick. Yet cosmic rays 
c'arrying 2,000 million electi'on volts 
have been measured at sea level. There 
is evidence that far higher energies are 
projected tlii'ough the atmosphere, for 
cosmic rays have been detected in mines 
after penetrating several hundred feet 
of soil and rock. The upper limit of the 
primaries' energy is not known, but 
nuclear explosions and other violent 
events produced by particles carrymg 
10,000 million mev have been recorded, 
and there is circumstantial evidence for 
the existence of primaries moving with 
the force of at least a million million mev. 


by George W. Gray 

By contiast, the energy released in the 
fission of the uranium atom is a punv 
200 mev 

The "'Natural Leak"’ 

No one knows how long the Earth has 
been tra\^eling through this cosmic rain- 
storm The eEect was discovered quite 
accidentally less than 50 years ago. The 
first hint came from the electroscope 
This Simple instrument, which had been 
used for more than a century to detect 
the presence of electi*icitv, was emploved 
by Mane and PieiTe Curie, Ernest Ruth- 
erfoid, Frederick Soddy* and others to 
measure iadioactmty\ Essentiailv the 
appaiatus consists of two thin toils of 
gold leaf mounted within a glass jar on 
a well-insulated metal rod that pro- 
trudes from the jar. By rubbing the out- 
side end of the rod, a positive electric 
charge is communicated to tlie system, 
and because of the charge the two gold 
leaves repel eacli other and stand out 
from the rod like extended wings. The 
gamma rays emitted by radioactive ele- 
ments knock electrons out of air mole- 
cules, the electrons flow to the rod of 
the electi'oscope, neutralizing its charge. 
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and in consequence the gold leaves set- 
tle down. The radium mvestigatois 
found that the time required for the 
electroscope to lose its charge was a 
measure of the intensitv^ of the gamma 
ray s— provided, of couise, theie was no 
other influence also affecting the electro- 
scope. 

But it appemed that there was some 
other influence Vdien the instrument 
was earefullv isolated from all known 
sources of contamination, and a charge 
applied, the gold foils would stiflFen and 
stand out from the electrode for days, 
but m time the charge oozed away and 
the foils drooped After some experi- 
menting the physicists found that they 
could predict the magnitude of this 
'‘natural leak’’ fairly closely; therefore 
they could allow for it and measme tlie 
gamma rays with a good approximation. 
This took care of the immediate prob- 
lem of studying radium, but the soui'ce 
of the leak remained unexplained and 
haunted the investigators. 

They assumed that the leak was 
caused hy the natural radioactivitv of 
the Earth. Itw'as known that rocks, clays, 
soil and even the lower atmosphere car- 
ried minute traces of ladioactive ele- 
ments. Conceivably the radiation given 
off by’ these stray atoms might reach the 
electroscope. But three inches of lead 
would stop the most powerful gamma 
rays, and it w’as an easy matter to sur- 
round an electroscope with tliick slabs 
and see what happened. It took the lead- 
jacketed instrument longer to lose its 
charge, but the leak was still diere. Then 
the Canadian investigator, John C. 
McLennan and his associates cairied an 
electi-oscope out on the frozen surface 
of Lake Ontaiio. They reasoned tliat the 
several hundred feet of water beneath 
the ice would provide a shield against 
the radioactive Earth; and indeed it was 
found that the electroscope did dis- 
charge more slowly, hut even far out on 
the lake the extended leaves eventually 
collapsed. 

In Paris a Jesuit physicist, Theodor 
Wulff, carried an electroscope to the top 
of the Eiffel Tower, an altitude of 300 
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meters (984 feet). Wulft found that up 
theie his instiument continued dischaig- 
ing, but at a late about one-half that 
he had measured down on the giound. 
To get still higher, Albert Gockel of the 
UinversiW of Fnbomg obtained a bal- 
loon. He made three ascensions in 1910- 
11, once to an altitude of 4,500 meteis, 
and found that the natinal leak was still 
detectable. 

Reports of these lesults i cached a 
young Viennese physicist, Victor Fuincis 
Hess, and in the spring of 1911 he le- 
solved “to attack the pioblem by direct 
experiments of my own.’’ First he made 
a number of tests on the ground, setting 
out 1,500 milligrams of ladium and 
measuring the distances at which gamma 
lavs could be detected through the an. 
Fiom this study, Hess concluded that 
gamma i ays from the ground “are almost 
completely absoibed at 500 meters 
above the ground ” Next he designed 
and built several detecting instruments 
and took them up m a senes of balloon 
flights. As the balloon rose, the natural 
leak grew progiessively smallei until 
an altitude of 500 meters was leached, 
after that the effect inci eased, at 1,800 
meters it was equivalent to the value at 
the ground; and at 5,900 meters it was 
more than twice the gi'ound value This 
discoveiy of the increase of the dischaige 
with altitude convinced Hess that there 
must be “a very penetrating radiation 
coming mainly .from above and being 
most probably of extiiiterrestiial ori- 
gin.” Twenty-five yeais later his pei- 
spicacity was rewarded with a Nobel 
piize. But at the time only a few physi- 
cists noticed his report, and even fewer 
bothered to look further into this strange 
“Hohenstrahlung” (high altitude radia- 
tion) 

One of the few who were keenly im- 
piessed was Werner Kolhorster, an as- 
sistant in the depaitmeiit of physics at 
the University of Halle. He lesolved to 
icpeat the tests at higher altitudes, ob- 
tained a larger balloon, and ascended 
to 9,000 meters At that elevation Kol- 
horster found that the electioscope 
leaked its charge about 13 times as fast 
as at sea level The coming of World 
Win I interrupted these researches, and 
little more was clone by anyone until 
after the war. Then in the early 1920s 
KoUiorster resumed his studies, and in 
America a new investigator joined the 
search Robert Andrews Millikan of the 
California Institute of Technology. 

Millikan wondered what the radiation 
effect would be in the stratosphere. It 
was out of the question for an observer 
to ascend to stratospheric heights, but 
readmgs might be obtained by sending 
up a self-registering apparatus. Within 
a few weeks MiUikan and his research 
assistant, Ira Sprague Bowen, had de- 
yised an electroscope that could be 
wound like a, clock and had a driv- 
ing mecjhanfsm to rediairge it at ineas- 


ured mteivals Attached to it was a 
camel a which photographed a continu- 
ous lecord of the status of the electio- 
scope charge. The whole thing weighed 
only seven ounces, light enough to be 
lifted to high altitude by two sounding 
balloons Each balloon, filled with hy- 
drogen, was foul feet m diametei when 
inflated. Millikan and Bowen launched 
the combination from Kelly Field, near 
San Antonio, Texas, in Apiil of 1922 
The balloons lose to 15,500 meteis 
(nearly 10 miles) and drifted for three 
and a half horns Then one balloon bmst, 
accoi cling to plan, and the remaining 
balloon eased its load gently to the 
giound, landing near Houston. 

The expel iment provided additional 
evidence of the strange piopensity of the 
ascending electroscope to increase the 
late at which it leaked its charge. The 
phenomenon piesented many questions. 
For one thing, how penetrating was the 
radiation that caused the dischaige? Mil- 
likan now made that his chief study, 
Kolhorster also concenti'ated on it, and 
presently similar expenments weie un- 
dei way in both Europe and America 

Millikan, G H. Cameron, and R. M 
Otis mounted electioscopes in water- 
pi ooi contameis, sank them mctei bv 
meter m mountain lakes, and found that 
the effect coming from above was ap- 
preciable at the" greatest depths they 
weie able to test. Kolhdrstci and his co- 
workeis took electioscopes into the Alps, 
measured the effect on top of glaciers 
and then in cievasses deep imclei the 
glacial ice. The mysteiious effect had at 
least 18 times the penetrating power of 
the haidest gamma ray. There could no 
longer be any doubt of its outside origin, 
and in 1925 Millikan named this pene- 
trating something “the cosmic rays.” 

Waves or Particles? 

But naming the foundling did not ex- 
plain its nature oi determine its origin, 
and now the seaicliers cenleied their ef- 
forts on identifying the lays. Were they 
electiomagnetic waves like the gamma 
rays shot out of ladium^ Or were they 
chaiged pai tides like the beta and alpha 
rays also ejected by the radioactive ele- 
ments? 

At first scientists weie inclined to fa- 
voi the first hypothesis, and there were 
ingenious speculations as to what proc- 
esses would be able to propagate such 
energetic waves through vast distances 
in space. But it was not long before Kol- 
horster and his associate W. Bothe ob- 
tained evidence which hinted that at 
least some of the cosmic rays were 
charged particles. When the cloud 
chamber was turned to the investigation, 
the liint became a certainty, for this in- 
strument makes the paths of charged 
particles visible. 

In the early years of cosmic-ray re- 
search, the most powerful magnet avail- 


able was not able to bend the hacks 
of many cosmic rays stieaking through 
cloud chambeis Carl D. Andeison, 
woiking with Millikan at California In- 
stitute of Technology, hit upon the 
scheme of inserting a plate of lead hori- 
zontally across the center of the cham- 
bei This layer of dense metal absorbed 
eneigy fiom the incoming cosmic rays, 
and Andeison found that then his mag- 
net was able to bend more of them. In 
some instances he photographed h'acks 
that entered the lead plate with a slight 
curvatuie and emerged with a shaipei 
cuivatuie. By these means Andeison 
measured rays with energies of thou- 
sands of mev, and in the course of the 
studies discovered the fundamental pai- 
ticles now called the positi*on and the 
meson Charged particles are the only 
bodies which will sweive under the in- 
fluence of magnetism, thus it was cleai 
that the positi'on, the meson, and other 
cosmic rays that ti'aveled through the 
magnetic field in curving paths were 
m atenal pai tides . 

Meanwhile it had been pointed out 
that the Earth itself might provide evi- 
dence of the natuie of the rays. Oui 
planet is a big magnet, with one magnet- 
ic pole in northern Canada and tlie 
other 111 Antarctica, and the Imes of 
foice connecting these poles reach into 
space. If the incoming cosmic rays were 
radiant energy, like gamma rays, thev 
w'ould of course cairy no chaige and 
therefore would pass thiough the Earth’s 
field without deflection But if they were 
chaiged pai tides, they would bend to the 
terrestiial magnetism just as the chaiged 
pai tides passing tlu'ough the cloud 
chamber respond to a magnetic field. In- 
deed, it w’as possible to calculate how 
much energy a charged particle needed 
to get through the Earth's field. Calcula- 
tions showed that the value in high lati- 
tudes— that of Chicago, for example— was 
about 2,000 mev for protons moving ver- 
tically down; in intei mediate latitudes, 
o.g., Los Angeles, it was about 5,000 
mev; and at the equator, about 15,000 
mev. On this reckoning, protons with 
energies less than about 2,000 mev 
would be turned aside completely and 
therefore would never get into the at- 
mosphere at any latitude (except near or 
directly over the magnetic poles), while 
only those cairy mg more than 15,000 
mev would be able to resist the magnetic 
deflection sufficiently to penetrate at the 
equator. The cosmic radiation, therefore, 
should grow more intense as the observer 
ti'aveled toward the poles. This line of 
reasoning prompted the investigators to 
look for an effect that was correlated 
with changes in latitude. 

It was found by J. Clay in the course 
of making an ocean survey for the Dutch 
Government. This Amsterdam physicist 
carried an electroscope on his ship, and 
as he traveled away from the equator the 
discharge rate increased. In 1932, Ar- 



COMPOUND NUCLEUS of huge energy left this track in a pile of photo- 
graphic plates. The appearance of compound nuclei as well as protons 
among primary cosmic rays is a major new discovery. Plates were sent in 
balloons to heights of 80,000 to 100,000 feet by University of Minnesota group. 
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ihur H. Compton, then at the UniversiU' 
of Chicago, organized an international 
survey which made observations on all 
continents, and on many islands, seas, 
lakes and mountains. Compton’s obser- 
^^atlons showed that the variations in 
cosmic-ray intensity followed the Eaith’s 
magnetic latitude, as would be the case 
if the lays weie chaiged pai tides 

Theie is also a west-to-east effect. It 
was discovered independently by Bruno 
Rossi m Italy and Eritiea, and on this 
continent by Lius W Alvarez, then of 
the University of Chicago, and T. H 
Johnson of the Baitol Research Founda- 
tion Both Alvaiez and Johnson made 
their obseivations neai Mexico Clt^^ for 
it IS m a latitude favoiable to such an 
inquiry. Each investigator used a cosmic- 
1 av “telescope ” This apparatus is a 
combination of two oi moie cosmic-iay 
detectors mounted m vertical senes, one 
on top of the othei. The combination is 
wired in such a way that only when a 
cosmic ray streaks thiough the entiie se- 
nes of detectors does the instrument 
lecord the event. By pointing the tele- 
scope toward the skv at various angles, 
Alvarez and Johnson weie able to show 
that m Mexico City about 10 per cent 
moie radiation came from the west than 
from the east The effect changes with 
latitude, and m the neighboihood of 
Chicago it IS about two per cent on the 
ground. 

This v^est-to-east effect is a highly 
important clue, because electromagnetic 
theory tells us that the influence of the 
Earth’s magnetic field bends positive 
charges in one diiection, and negative 
charges in the opposite. The preponder- 
ance of cosmic rays curving down from 
the west suggests that the primary rays 
aie predominantly of positive charge 
With each discovery the case for the par- 
ticle hvpothesis gi*ew stronger. 

The Ion Traps 

The only mfoimation we possess 
about cosmic ravs is in the debus left by 
their interactions with other material 
particles. The incoming rays mutilate 
atoms of the air and of other materials 
through which they pass, and it is by de- 
fining the mutilations and measuring the 
energies involved that physicists have 
learned all that is known of cosmic rays. 
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Sometimes the mutilation is relatively 
minoi . an electron is knocked out of its 
orbit in an atom, tliereb\ depriving the 
atom of one negative charge and leav- 
ing it with positive charge. The electron 
is equalK unbalanced by this rude sep- 
aration. Thereafter both mutilated atom 
and detached electi on are ions, i e , wan- 
deiers, and any charged object in the 
neighborhood will attract one or the 
other of them. 

Sometimes the mutilabon is more 
drastic. The incoming p article mav hit 
the nucleus of an atom head-on and 
knock it into many hagments, smashing 
out mesons, protons, neiiti'ons and pos- 
sibly laiger pieces Most of the nuclear 
fragments will be eithei positiveh or 
negatively charged, and therefore thev, 
too, will respond to the attraction of any 
charged object m the neighboihood. 

In consequence of this all-important 
role of ionization in revealing the pres- 
ence and properties of cosmic rays, the 
researchers are primarily occupied with 
the business of setting up charged de- 
vices to serve as ion traps. The oldest of 
these is the piewously mentioned elec- 
twscopc The next ion tiap to be used 
was the ionization chamber. This is an 
insulated vessel with two electrodes. The 
chamber is filled with air or another gas, 
and by imposing a positive charge on 
one electi ode and a negative charge on 
the other, a trap is set to attract any posi- 
ti\'e or negative ions that chance to form 
in the gas The flow of the ions con- 
stitutes an electric cuiTent, and the 
strength of the curient indicates the 
degree of ionization 

The Gciger-MuJIer counfei is a modi- 
fied ionization chamber. It employs a 
higher voltage than an ordinary^ ioniza- 
tion chamber, and the voltage is so ad- 
justed that the flight of a single ion will 
cause a pulse of electricity to flow 
tlirough the system. Thereby it records 
each event of ionization and enables the 
observer to count them. 

Cloud chamheis and the more recently 
developed photographic emulsions ren- 
der the padis of ionization \dsible. The 
more massh^e the ion, the more slowly it 
moves and the greater is the mmiber of 
secondary ions it leaves to mark its path. 
An electron carrying half a million volts 
wall produce about 30 paii*s of ions in 
moving one centimeter through the gas 

ONE PRIMARY RAY may cause 
events outlined on opposite page. 
Some 21,500 protons and 79 com- 
pound nuclei fall on each square 
foot of the upper atmosphere per 
minute. The number of primaries 
and secondaries at lower altitudes is 
shown in the table at the far left. The 
gray circles represent atoms in air. 
Primary ray (A) shatters the nucleus 
of an air atom (B) . From this ‘‘star” 
comes a neutron that disrupts an- 
other nucletis (C), A positive pi 


of the cloud chamber, wheieas the 
S,000-times more massive alpha particle 
may produce as many as 34,000 ion 
pairs m going the same distance. The 
wadth and density^ of the cloud-chamber 
tracks are therefore of significance. And 
this IS equally true of the tracks im- 
pressed on the photographic emulsion 
w’hen a cosmic lay plows a track of ioni- 
zation thiough its molecules of gelatin 
and silver. Indeed, as Seige A Korff of 
New York Um\’ersity has pointed out, 

‘ photographic emulsions may be thought 
oi as similar to a contmnouslv sensitive 
cloud chamber ” 

These five ty pes of ion traps are ser\'- 
mg as eyes with which to seek out the 
1 ays and as hands watli w Inch to sort and 
classify them Rockets cai lying ioniza- 
tion chambers, counteis, photogiaphic 
emulsions, and m some instances cloud 
chambers, ha\'e pushed the inquny to 
altitudes of more than 110 miles, al- 
though theii flight time is rarely more 
than three minutes. Sounding balloons 
have lifted ion traps to altitudes of 20 
miles and kept them aloft foi hours, re- 
cording the cosmic ionization in that 
zone Recoi dings have been made m air- 
planes at elevations of six to seven miles, 
this technique having the advantage of 
permitting the ohservei to keep wmteh 
on wiiat is happening. Several labora- 
tories have been established on moun- 
tains or high plateaus at altitudes of 
tw'o to three miles, and these permit 
the use of more massive equipment and 
longer periods of continuous obseiwation 
than is possible wath the rocket, the bal- 
loon, or the ail plane. Finally, of course, 
there is the greatest activity of cosmic- 
ray research dowm at ground level; and 
for absorption studies use is made of 
mines and other subterranean or subma- 
rine depths. 

Primaries and Secondaries 

On the average some 21,500 cosmic 
rays fall per minute upon each sejuare 
foot of the top of the atmosphere at lati- 
tude 41 degrees (wdiich m the Northern 
Hemisphere is that of Chicago). Over 
the equator the number is less, and over 
the poles it is greater. Tabng into ac- 
count the geomagnetic effect, it is esti- 
mated that the total number of primary 
cosmic rays falling upon the whole at- 

meson ( D ) shot out by the first star 
may decay into a mu meson with the 
emission of a neutrino. A negative pi 
meson from the first star may pro- 
duce another pi meson (E) wdiicli 
also decays into a mu meson. The mu 
meson may in turn decay into an 
electron with the emission of two 
neutrinos (G). The star resulting 
from a proton (H) here manufac- 
tures a meson that knocks an elec- 
tron from its orbit (I) . The electron 
then begins a “shower” (J and K) . 
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mosphere is about two million million 
million per second. 

Inasmuch as hydiogen is the most 
abundant element in the universe, the 
most numerous particles encounteied in 
fiee space should be protons, the nuclei 
of hydrogen atoms. And they are. One 
would also expect to find an occasional 
nucleus of a heavier atom, and this ex- 
pectation was realized last spring by 
physicists from the Universities of Min- 
nesota and Rochester. Examining some 
thick-emulsion photographic plates that 
liad been exposed to cosmic rays at alti- 
tudes of 80,000 to 100,000 feet, they 
iouncl heavy tracks of ionization that 
could be made only by particles heavier 
than protons. This discoveiy, perhaps 
the most important cosmic-ray find of 
1948, was made by Phyllis Freier, E. J. 
Lofgien, E P. Ney, and Frank Oppen- 
heimer, of ^Minnesota, and H. L. Bradt 
and S. Peters of Rochestei. 

The sounding-balloon flights on wliich 
these compound nuclei were photo- 
graphed weie made from Camp Ripley 
in nortliern Minnesota, and the results 
were soon confirmed by Marcel Schein 
and his co-woikers at the University ot 
Chicago. At Gamp Ripley the compound 
nuclei range in mass from about four, 
that of helium, to about 96, the mass of 
molybdenum. At Chicago the photo- 
graphs have picked up no tracks of par- 
ticles heavier than about mass 36; and 
this failure of the' more massive nuclei 
to get tliroiigh appears to be a latitude 
effect, since Chicago is about five de- 
grees south of Camp Ripley, It is sig- 
nificant that at both latitudes v.eiy few 
trucks are found particles between 
mass four (helium) and mass 12 (car- 
bon). These intermediate masses are 
tliase of lithium, beryllium and boron— 
and cosniologists who weigh the abun- 
dance of elements in the universe report 
that litluum, ber)’’llium and boron are 
very scarce, A close relationship between 
cosmic-ray .physics and astrophysics is 
indicated, and several cosmjc-ray col- 
loquia planned for 1949 are inviting 
astronomers to participate. 

The -compound nuclei constitute only 
a tiny minority among the primary cos- 
mic rays. Estimates based on die most 
reliable data now available indicate that 
for every square foot of the top of the 
atmosphere over Chicago, for example, 
the 21,500 primaries coming in per mm- 
iite include about 79 compound nuclei. 
The remainder are protons. 

These primaries, both protons and 
more massive nuclei, are traveling at 
various speeds. Some are moving with 
just enough to get- though the 

Earth*s magnedc field. Others are im- 
pelled by titanic eher^s. On the aver- 
age in intermediate latitudes the mean 
energy of the primary .cosmic rays is 
about 10,000 mev per partide, 

Noyvthe spe^ qf a proton accelerated 
by XOi^OOO mev is abput 135*000 



per second This is not far below the 
velocity^ of light. Accoi ding to the theory 
ol ielativity,"the mass of a moving body 
increases with its speed, and when the 
acceleration leaches the velocity of light 
the mass becomes infinite. An Einstein 
equation shows that at the speed im- 
posed by 10,000 mev the mass of a 
pioton increases tenfold. It enters oui 
alniosphere with enormous momentum, 
and moves at a velocity which if un- 
checked would deliver it to the Eaitb’s 
sill face in a 50th of a second or less 

But seldom is a particle able to pene- 
trate fiom the top to the bottom of the 
atmosphere. What happens after the 
primal y cosmic lays collide with the 
atoms of o.xygen, nitrogen and the othei 
gases of tlie atmosphei e is a complicated 
sequence of many actions and interac- 
tions. The diagram on page 32 indicates 
the consequences of these collisions witli 
as much definiteness as present knowl- 
edge will permit. As the pnmaiies enter 
the atmosphere they begin to lose energy 
through collision. At 60,000 feet less 
than a third of the primary protons have 
survived But at this altitude an enor- 
mous population of secondaiy particles 
has been leleased, including secondary 
protons, neutions, mesons and electrons. 
As the smviving primaries and second- 
aries plunge eaithward into the relative- 
ly dense lowei atmosphere, the frequency 
of collisions mci eases, and the particles 
lapidly lose energy. The lesult is that at 
14,200 feet only a comparatively small 
number of the particles aie sufficiently 
eneigetic to be detected, and at sea level 
the number is still less. 

In detail, the sequence of events from 
the top of the atmosphere down to the 
bottom appears to be something like this. 

- 1. The primaries (protons and com- 
pound nuclei) penetrate the atmosphei e 
until they collide with ah particles. 

2. The collisions disrupt the nuclei of 
the atoms tliat aie hit, causing them to 
splmter into heavy fiagments, protons, 
neutrons and mesons. 

3. Each nuclear fragment then be- 
comes a secondary cosmic ray, and by 
the same process of collision may demol- 
ish othei nuclei, creating tertiary cosmic 
rays. They in turn create quaternary 
lays, and so on,, until the energy of the 
primary ray is dissipated. 

4. Four kinds of mesons— the heavy 
pi mesons of positive or negative charge 
and the lighter mu mesons, also positive- 
ly or negatively charged—are among the 
secondary cosmic rays set into action by 
the impact of the primaries. How the 
meson behaves as a cosmic ray depends 
on what kind it is. A positive pi will 
ti'avel a distance ordained by the magni- 
tude of its energy and then disinte- 
grate, releasing a positive mu meson. 
But if the pi is negatively charged, the 
probability is that it will be attracted by 
the positive charge of some atomic nu- 
jcle^s, plui:|ge, headlong into it, and there- 


by cause the invaded nucleus to explode. 
The explosion may eject a mu. What the 
mu does also depends on its electrical 
charactei. If it is positively charged, it 
will decay with the emission of a posi- 
tive election. If negatively charged, the 
meson may be captured by the nucleus 
of some atom of the air, and eventually 
be absorbed by it, thereby releasing an 
election. Or, by collision, this negative 
mu meson may knock a satellite electron 
out of its orbit, and impait its energy to 
the caroming electi'on. Thus pi mesons 
produce mu mesons; and mu mesons by 
their various piocesses ol capture, decay, 
and collision create oi release positive 
and negative elections. 

5 The lesultmg elections dart down- 
ward with the energies imparted by the 
mesons, and as they move they in tmn 
inteiact with atoms of the air. Tliey can 
interact m two ways. First, by collision 
they may endow other electrons with 
excess energy and send them flying out 
of their atomic oibits But a moic fre- 
quent occurrence is the cascading ot 
electron-positron paiis This self-multi- 
plynig process, by which a single elec- 
tron may set off a tram of events to 
create hundreds and even lens of thou- 
sands of pans of particles m a fraction ot 
a second, is the mechanism which pio- 
(liiccs the most specLacular of all cosmic- 
lay plionomena: electron showers. 

Tlie Electron Showers 

Soon after the cloud chamber was fiist 
applied to the study of cosmic rays, in- 
vestigators found that occasionally they 
photographed the simultaneous tracks of 
two or more paiticles. Sometimes they 
would lecord scores of paths in a split 
second, all traveling paiallel oi nearly 
parallel paths. These were called air 
showers, since it was presumed they 
originated in the air some distance above 
the cloud chamber. Other showers were 
more local, with their sources apparently 
neaier at hand. And when the scheme ot 
slowing clown the cosmic lays by intro- 
ducing a plate of lead across the cloud 
chamber came into use, the observeis 
began to get local showeis spiaying out 
from the lead. Perhaps the most aston- 
ishing of the shower phenomena was that 
reported by the French physicist Pieire 
Auger. Pie installed a number of Geiger- 
Miiller counters on the giound and 
wired them so that only when all coun- 
ters were actuated simultaneously would 
the apparatus record. Auger then pro- 
gressively increased the distance sepa- 
rating the counters until they were dis- 
tributed over an area with a diameter of 
300 meters. Even over this broad area, 
covering several acres, Auger found that 
he could still get coincidences, indicating 
the spread of an extensive shower origi- 
nating high in the atmosphere. 

At first it was believed that showers 
were caused by atomic disintegrations. 



They weie described as bursts set off by 
the impact of a high-energy particle col- 
liding, m the atmosphere, with an air 
molecule, or, m the lead plate, with an 
atom of the metah But the pai tides par- 
ticipating in these showers pioved to be 
almost entirely electrons, some of nega- 
tive and some of positive chaige, and it 
was difficult by the disintegration hy- 
pothesis to explain their predominance 
Then H. J. Bhabha and W Heitler in 
England and J. Robert Oppenheimei in 
the U. S. called attention to the quantum 
theoiy of the formation of electron-posi- 
ti'on pans— and it was recognized that 
here was a consistent explanation of 
electron showers 

According to this explanation, the 
electron that the meson knocks out of 
an atomic orbit or creates by its own 
decay ti'avels until it encounters an atom 
It may, of course, collide with one of the 
atom’s satellite elections, in which case 
it gives some of its energy to the struck 
electron and then the two speed on as 
two cosmic rays. But if the electron safe- 
ly ci*osses all orbits and reaches the 
electromagnetic field that sm*rounds the 
atomic nucleus, an amazing transforma- 
tion occuis. The impact of the electron 
on the electromagnetic field conveits 
some of the electron's mass into eneigy, 
and out of the field daits a gamma ray 
endowed with the energy imparted by 
the electron The gamma lay, tiavelmg 
at the speed of light, encounters the elec- 
tromagnetic field of another atom, and 
its interaction with this field accomplish- 
es anotlier ti-ansformation, though of the 
opposite ordei. The gamma lay disap- 
pears, and out of the field pop an elec- 
ti'on and a positi'on, the pair between 
them carrying the energy of the lost 
gamma ray. Each membei of the pair 
soon encounteis the electi'omagnetic 
field of another atom, by its interaction 
produces a gamma ray, the ray in turn 
pioduces a pan, and thus the shower is 
perpetuated. 

Thus, by alternate tiansformations of 
mass into energy and of eneigy into 
mass, a single particle sets off a cascade 
of events. The multiplication will con- 
tinue until the gamma rays degeneiate 
to such low eneigy that they are no 
longer able to interact with an electro- 
magnetic field. What that lower limit of 
energy may be depends on the density 
of the material tlirough which the gam- 
ma rays move, and it is lower for hea\q' 
elements than for light. In water, tor 
example, shower production will cease 
when tlie energy of the rays has degen- 
erated to 115 mev, but in lead the proc- 
ess will not stop until the rays are down 
to about seven mev. 

It is because of tliis density effect that 
putting a plate of lead in the path of 
cosmic rays will multiply the shower 
production. A 10,000-mev electron in 
passing tlirough lead will activate its 
maximum shower at about four centi- 



CLOUD CHAMBER used in measuring the mass of mesons is attended by 
Robert B. Erode at the Uiiiyersity of California. The chamber itself is at the 
lower left. Above it is a magnet, the field of which bends the paths of parti- 
cles. This apparatus and 184 rinch cyclotron have refined meson measurements. 
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PENETRATING PARTICLE {at left center) passes 
through lead plates in the cloud chamher of W. B. 
Fretter {page 28). The particle is probably a meson. 


SHOWER OF ELECTRONS and some penetrating 
particles is caused by a particle that has passed through 
most of the plates. Electrons leave the short tracks* 


meters’ distance from the upper smface, 
producing about 100 particles and about 
150 gamma rays. But if the electron car- 
ries 1,000 million mev of energy it will 
produce a shower of about 10 milHon 
particles, the maximum cascade efiEect 
being reached m eight centimeters of 
lead. By contrast, a shower initiated by 
the same 1,000 million-mev electron in 
water would not reach its maximum un- 
til 800 centimeters had been penetrated. 

But the cascade is not able to proceed 
indefinitely. As tire thickness of the 
screen is increased, the population of the 
shower decreases until finally the ab- 
sorption is complete. A block of lead 15 
centimeters thick will absorb the heaviest 
electron shower. 

It is significant, however, that an occa- 
sional particle gets through even this 
dense screen, and 15 centimeters of lead 
is therefore the criterion for separating 
cosmic rays into two principal compo- 
nents. Whatever is stopped is called tlie 
soft component. This may include some 
slow protons aud mespns of low energy, 
hut predominancy the soft; component is 
made up of electron-po&Ltron pairs and 
their gamma rays. Whatever passes 
through the 15 centimeters is Bie hard 
component^ and here again protons aaay 
be found and also neutrons, but Bfie 
proporixon of these highb^ pene- 



ti-ating particles— perhaps 90 per cent of 
them— are high-energy mesons. 

The Penetrating Mesons 

As soon as the presence of highly 
penetrating mesons at sea level was rec- 
ognized, scientists began to ask about 
their origin and whether they occur only 
smgly, or also in pairs and showers The 
first convincing evidence ioi a pan was 
obtained in 1939 by H. J, J. Braddick 
and G. S. Hensby of Bnkbeck College in 
England. Working in a tunnel 30 meters 
under the London clay, they photo- 
graphed the cloud-chamber tracks of a 
meson pair tliat passed through 15 centi- 
meters of lead above the chamber and a 
lead plate two and a half centimeters 
thick inside tlie chamber. By 1944 G. D. 
Rochester at Manchester was able to 
show photographs of 18 separate show- 
ers m which the particles had pene- 
trated 53 centimeters of lead. From these 
experiments it was clear that high-energy 
mesons penetrate to sea level as single 
particles, in pairs, and in showers. 

Meanwhile, at the Dublin Institute for 
Advanced Studies, J. Hamilton, W. 
Heitler, and H. W. Peng had come up 
with a theory of origin. Accordmg to 

the mespns are produced by the 
im^pact oi a proton. If the proton hits a 


single proton or neutron in an elastic 
collision, the result is a single high-ener- 
gy meson. If the original proton bangs 
into a complex nucleus containing sev- 
eral protons and neuUons, the result is a 
shower of mesons. The Dublin physicists 
calculate that the proton must carry at 
least 2,000 mev to initiate a penetrating 
showei, and the energy may be many 
times that. The extensive showei s dis- 
coveied by Augei appear to be a combi- 
nation of cascading elections and pene- 
tratmg mesons. 

The high eneigy of the mesons made 
it difficult to photograph the beginning 
of a penetrating shower, lor invariably 
the shower started before it enteied the 
recording appaiatus. For several yeais 
W. B. Fretter has been experimenting at 
the University of California with differ- 
ent arrangements of cloud chambers, 
lead plates and Geiger-Muller counteis 
in the effort to set off and photograph 
penetrating showers inside a cloud cham- 
ber. In 1947 he installed a senes of eight 
lead plates horizontally in a large cloud 
chamber, spacing them an inch apart. 
Each plate was half an inch thick, so any 
particle passing through all eight would 
have to penetrate four inches (more than 
10 centimeters) of lead. Fretter figured 
that some electron showers would be 
started m the upper stories of this leaden 
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PENETRATING SHOWER is made up of four par- LARGE CASCADE SHOWER of electrons commences 
tides with sufficient energy to pass through many lead near the top of the chamber. In earlier stages electrons 
j^lates. At the lop of the shower is a burst of electrons. multiply, hut finally they are absorbed by the lead plates. 


edifice, but that as the particles pene- 
trated to lower floors, the solt component 
would be filteied out, and finally that the 
hard component might collide with 
nuclei of lead atoms and produce pene- 
trating showers. What he expected hap- 
pened. He obtained photographs of the 
fanhke electron showers, of penetrating 
showers incident from the outside, and 
of penetrating showers originating in a 
lead plate. In some instances the pene- 
tiatmg shower started m upper plates, 
but more frequently m the bottom ones. 
In 1948, Fretter built a larger cloud 
chamber with 16 lead plates. During the 
summer this chamber was taken to Tioga 
Pass m Yosemite National Park and at 
that elevation (10,000 feet) it photo- 
graphs about four showers daily. 

The Third Component 

In addition to electrons and mesons, 
the cosmic radiation that reaches sea 
level includes a tliird and more massive 
component: protons and neutrons. All of 
the neutrons and most of the protons are 
secondaries, of comrse, and togetlier they 
are less numerous than eitlier the elec- 
trons or mesons; but many of them carry 
much energy associated with their heavy 
masses and cause powerful nuclear 
effects. Rochester and L. Janossy found 


that about a third of the peneti'ating 
showers aie produced by a non-ionizmg 
ladiation, presumably neutrons. 

It is because they cany’ no electiic 
charge that neutrons are non-ionizing, 
and tins makes them difficult to study. 
But neutrons do have a few preferences, 
and cosmic-ray exploreis have been able 
to adjust ti*aps to their peculiar behavior 
For example, u’henever a neutron of an 
energy up to about one mev encounters 
cL boron atom, the nucleus of the atom 
swallows the neutron and ejects an alpha 
particle. Serge Korff and E. T, Clark 
made use of this property in 1941 to 
study the production of neutrons among 
the cosmic rays, and since then the meth- 
od has been increasingly refined and 
improved, mainly by Korff and his asso- 
ciates at New York University’. 

The neutron counter is distinguished 
from the ordimury Geiger-Muller counter 
hv its filling of boron trifluoride gas. This 
gas within the chamber provides atoms 
of boron to absorb the neutrons and eject 
the telltale alpha particles. In order to 
count the alpha particles, the voltage of 
the apparatus is adjusted to such a level 
that the instrument will respond only to 
the ionization generated by alpha par- 
ticles. Since each emission of an alpha 
particle represents the absorption of a 
neutron, the counting of alpha particles 


indicates the number of the neutrons. 

It is essential to know, however, that 
the neutrons come from outside the walls 
of the insti'iiment, and to sort them into 
slow neutrons and fast neutrons. This 
information is elicited by an ingenious 
combination of shields. First the counter 
is surrounded by a shield of cadmium, 
and since this metal absorbs only slow 
neutrons and passes fast ones, the alpha 
particles leleased within the chanibei 
give the count for fast neutrons only. 
Then the cadmium is removed and a 
shield made of a boron compound is 
slipped around the counter. Since boron 
absorbs both slow and fast neutrons of 
energies up to one mev, no cosmic-ray 
neutron below that energy level is likely 
to get through. By comparing the counts 
obtained under the various conditions of 
shielding, it is possible to determine the 
number of neutrons originating in cosmic 
rays, and to separate them into slow 
neutrons and fast ones. 

Korff and B, Hammermesh devised a 
mechanism that automatically changes 
the shields at two-minute intervals, leav- 
ing the counter unshielded for an equal 
period. Using this apparatus at sea level, 
on mountain elevations, and carried to 
the stratosphere by sounding balloons, 
the New York University group has ex- 
tended its survey of the neutron compo- 
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Bent to heights near 100,000 feet. These 
readings show that, like the other sec- 
ondary cosmic rays, neutions are more 
numerous in the sti*atosphere, and dimin- 
ish in population from there to sea level. 

Unsolved Problems 

Despite the advances made in sorting 
out cosmic rays, many questions remain. 
Theie aie periodic changes in the intensi- 
ty of the radiation as measuied at sea 
level a daily change, a seasonal change 
and a 27-day cycle The seasonal change, 
witii winter in the Northern Hemispheie 
producing two to three per cent more 
mesons than summei, seems to be related 
to the solar heating of tlie atmosphere. 
Since the exposure to solar heat is greatei 
in summer, the air layers in which mes- 
ons are produced are shifted to Inghei 
altitudes and ai*e less compact than in 
^vinter. The daily change, with the cos- 
mic radiation more intense at night than 
in the daytime, may also be related to 
tides in the atmosphere. The 27-day cy- 
cle, during which tlie. intensity of the 
cosmic radiation per 24 hours changes by 
about one per cent, parallels fairly close- 
ly tlie periods of the Moon s revolutions 
and the Sung's lotation. But tlieie ap- 
pears to be no mechanism to i elate these 
phenomena to the cosmic radiation. 

However, the Sun does have an influ- 
ence, foi die solar bm*sts associated with 
sunspot activity, which sporadically eii- 
i^elop the Eai*th in magnetic storms, un- 
questionably affect cosmic-ray intensity. 

It has been observed repeatedly that two 
to three days after the outbreak of a 
magnetic storm, the number of cosmic 
rays reaching sea level may drop as 
mucb as three per cent. 

There is anodier effect which seems to 
be correlated with occasional magnetic 
storms, but which operates in just the 
opposite direction: the number of cosmic 
rays reaching sea level' increases. This 
effect does not wait two or three days, 
hut manifests itself immediately after 
the solar outbursts. And the change is 
large— the rise being up to 15 per cent 
of normal intensity. There are only three 
records of such events— they occurred 
coincidentally witli the magnetic storms 
of February 28, 1942; March 7, 1942; 
and July 25, 1946 The coincidences 
were first recognized by Scott E. For- 
hudi of the Carnegie Institution of 
Washington. Forbush believes that more 
data are needed before a satisfactory ex- 
planation of this extraordinary intensi- 
ficatioii of cosnuoray activity can be 
given,^ and plans have been made to in- 
stall one of his instfumehts in the 11,500- 
f6e^:-high cbsmiom.y liabqgatory that the 
University of dneago maintains at Cli- 
max, Colo. 

The most fundamental of the imsolved 
problems of cosmic rays is their otighn 
Whatever siap;^pot activity may conlpb^ 
nte to fhe cosmic Rainstorm, it 


IS able to accounl for only a small Irac- 
tion of the ra\ s. Twenty yeais ago it was 
suggested that cosmic rays were by- 
products of cieation and represented en- 
ergy released by the synthesis of more 
massive elements out of hydrogen, a 
process that was presumed to be at woik 
m inters tell ai space. Another hypothesis 
posed the annihilation of atoms— the 
complete convei sion of their masses into 
energy. But the energy carried by the 
piimaiy cosmic lays is far beyond any- 
thing that either ol these processes could 
provide. The annihilation of the heaviest 
atom known in natuie— the complete 
convei sion of the uranium mass into en- 
cigy— would release only 200,000 mev. 
As we have seen, theie is evidence ol 
primaries carrying several hundred thou- 
sand times that energy. 

Georges Lemaiti*e of Belgium has sug- 
gested that the primanes are the dust 
horn a cosmic explosion that occurred 
about thiee billion yeais ago when the 
whole mass of.tbe universe was concen- 
trated in a single nucleus. Other cos- 
mologists postulate the influence of 
powerful electiic or magnetic fields, oi a 
combination of both, as the force which 
endows the cosmic particles with then 
gieat energies. Such force fields conceiv- 
ably may be generated by the rotation ol 
the Milky Way and other galaxies, or 
moie locally by double or individual 
stars. Last summer Horace W. Babcock 
ol Mount Wilson Observatory reported 
on a variable star with a changing mag- 
netic field. The field force of tliis star 
rises to plus-7,800 gauss, then in a matter 
of days leveises its polarity to minus- 
6,500 gauss. Babcock suggests that a 
fluctuating magnetic field of this magni- 
tude , provides a means of accelerating 
charged particles to the energies ob- 
served in cosmic rays. 

In 1943 the Swedish cosmologist 
Hannes Alfven cited evidence foi the 
existence of wandering magnetic fields 
tliat move about in the vast emptiness 
between the stars of the Milky Way. Re- 
cently Eniico Fermi of the University 
of Chicago proposed a new theory ol 
the oiigin of cosmic rays in which he in- 
terprets them as particles accelerated by 
repeated collisions with these wandering 
magnetic fields. The whole process seems 
beautifully logical, with the cosmic-ray 
particle proceeding from low energy to 
high, and then to higher and higher, by 
a sort of chain reaction of collisions. 
However, Fermi’s theory applies only to 
protons, and, as he has said in his paper 
communicating the tlieory to The Physi- 
cal Revie lOy “the chief difficulty is that 
it fails to explain in a straightforward 
way ‘the heavy nuclei observed in the 
primary radiation.’^ 

More knowledge is needed, more ob- 
servations, more year-round measure- 
ments pf the rays at different latitudes 
and different altitudes. Balloons will con- 
1 tinti^e to he the principal nleans of getting 


instruments to the top of the atmosphere, 
for they can keep the detectois at a given 
altitude for houis and possibly foi days. 
But lockets uie being made increasingly 
effective, and undoubtedly will play an 
important pait in the high- altitude le- 
search of the next few years. 

Most of the mountain observatories 
aie m middle latitudes. In Em ope, theie 
is a station on the Jungfrau (3,800 
meters), another near Mont Blanc also 
at 3,800 meters, an outpost in the Italian 
Alps (3,500 meters), and one at Pic dii 
Mich in the Pyrenees (2,800 meters) . In 
South Ameiica, obseivations have been 
made in the Bolivian Andes at 5,500 
meteis, but theie is no peimanent station 
theie In the U. S., two permanent higli- 
altitude stations for cosmic-i ay study are 
maintained in Colorado, one at Climax 
by the University of Chicago, the othei 
at Mount Evans (14,256 feet) by a 
group of six cooperating universities. 

For atomic physicists, the pursuit of 
cosmic lays is today’s grand quest. No 
other problem is absorbing the efforts of 
so many top experimenteis and theorists. 
Some, like Carl Anderson of Califoinia 
and C. M. G. Lattes of Biazil, are inter- 
ested m the lays as tools for prying into 
the sti'uctiire of atomic nuclei. Others aic 
seeking to elucidate the rays themselves. 
Last summer a whole conslellation of 
these researchers was camped at various 
sites on the slopes and neai the summit 
of Mount Evans, 60 miles west of Den- 
ver, and peihaps nowhere else in the 
world was there such a concentration of 
cosmic-iay detectors and detectives. The 
Inter-University High- Altitude Laborato- 
ly, which occupies a two-room building 
near the summit, is diiected by a bo aid 
made up of representatives of the Uni- 
versities of Chicago, Cornell, Denver, 
New York, Princeton and the Massachu- 
setts Institute of Technology, with Byion 
E Cohn of Denver as chairman. The 
Laboraloiy also maintains reseaich 
equipment and living qiuuters part way 
down the slope at Echo Lake (10,600 
feet). All SLX paiticipating universities 
and several guest reseaich institutions 
had teams at woik m this area last sum- 
mer. When snow began to isolate the 
summit in mid-September, the research- 
ers withdrew to Echo Lake, and winter 
and spring operations aie being con- 
ducted there by groups from Cornell, 
Denver, M. I. T, and Princeton. Photo- 
gi-aphic plates were left in the summit 
laboratory to record whatever cosmic 
rays come their way By the middle of 
June it is expected that the road will he 
sufficiently free of snow for observers to 
get back and see what their ion traps 
picked up in the long months of isolation. 


George W. Gray is author of 
The Great Ravelled Knot 
and other articles that have 
appeared in thi^ magazine. 



BALLOONS bear aloft a lightweight cloud chamber to 
record cosmic-ray phenomena at altitudes between 
50,000 and 100^000 feet. This flighr was launched last 
summer by Carl D, Anderson from the campus of the 


University of Denver. Many balloons are used so that 
when some burst at high altitude, the others will gently 
lower the apparatus. Rockets also have carried detect- 
ors to high altitudes, but obviously for short periods. 
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THE ANCESTORS OF MAMMALS 


In the Permian and Triassic Periods lived the 
therapsids and the ictidosaurs, a curious group 
of reptiles with many mammalian characteristics 

by Edwin H. Colbert 


I T IS difficult to see much in common 
between a modern reptile, such as 
a crocodile, and a modern mammal, 
such as a dog Anatomically and physio- 
logically they seem to be about as far 
apart as possible for four-footed animals. 
But if we go back in geologic time we 
find a close connection between some of 
the early mammals and certain reptiles. 
Impiobable as it may seem, the fossil 
record shows that the earliest mammals 
were descended from reptilian ancestors. 

It was somewhat more than a century 
ago that the bones of mammal-like rep- 
tiles were first discovered in South 
Africa by Andrew Geddes Bam, a well- 
known fossil collector of the period. 
Bain’s specimens were noted and de- 
scribed by the great English anatomist 
and paleontologist. Sir Richard Owen. 
The significance of Bain's findings was 
overlooked for decades. 

Charles Darwins disciple Thomas 
Huxlev suggested that the mammals 
had arisen from amphibians, a conclu- 
sion to which he was led by his studies 
in comparative anatomy. But in the years 
between about 1870 and 1884 Owen 
and the brilliant U, S. paleontologist 
Edward Drmker Cope, £dfter studymg 
certam fossil reptiles from South Africa, 
independently reached another conclu- 
sion which has been strengthened with 
every passing year— namely that the an- 
cestiy of the mammals is to be found m 
these fossil reptiles of the Permian and 
Triassic Periods, some 150 to 230 mil- 
lion years ago. 

T he physiological, reproductive and 
anatomical differences between liv- 
ing reptiles and mammals are readily 
apparent. Firs.t, tlie reptiles are '"cold- 
blooded” animals in which the internal 
body temperature varies more or less 
directly with the temperature of their 
environment; mammals are "‘warm- 
blooded,” with a fairly constant body 
heat and. an outer covering of hair to 
insulate them, Tire ; repdles, as a result 
of their lack of temperatuire control, are 
for the most part sluggish, by compari- 
son with the active mammals. Most of 
fbe reptiles lay eggs feom which the 
yomfg are hatched, though some xjskmi 
die eggs within the body of the femaje 


so that the young are born alive In most 
mammals, the embiyo develops and is 
nourished within the uteius of the moth- 
er. And the mammals of coiuse are dis- 
tinguished by the pioperty fiom which 
they deiive then* name they suckle 
their young. 

Many of the anatomical differences 
between modern reptiles and mammals 
are reflections of physiological or repio- 
ductive differences. The reptiles are 
typified by a relatively small and simple 
brain, whereas mammals have a large 
brain. Modern leptiles have a single 
bony joint at the base of the skull, the 
occipital condyle, to aiticulate the head 
with the backbone, mammals have two 
condyles. The lower jaw m reptiles con- 
sists of several elements, one of which, 
the articular bone, woiks against the 
quadrate bone of the skull to form the 
aiticulation between skull and jaw. In 
mammals there is a single jawbone, the 
dentary, which articulates directly with 
the squamosal bone of the skull. Reptiles 
have a single bone in the middle ear, 
mammals have a chain of three. The 
teeth of a reptile are generally pretty 
much alike, and they are renewed by 
many “generations,” so that a replace- 
ment is on hand for any tooth that may 
drop out. The teetli of mammals iire dif- 
ferentiated into incisors, canines, pre- 
molars and molars, and a mammal is 
hmited to two sets— the “milk” teeth and 
the later permanent teeth. 

There aie also important differences 
in the rest of the skeleton. The verte- 
brae of a reptile are fairly iinifoim, 
whereas in a mammal they are strongly 
differentiated in tlie neck, thorax and 
lumbar regions. A reptile's long bones 
usually can continue to grow through- 
out the life of the animal; a mammal, on 
the other hand, has sepai'ate “epiphyses” 
at the ends of tlie bones which become 
fused with the bones as the animal 
reaches maturity and prevent furtlier 
growth. In reptiles the number of bones 
in the fingers and toes varies, while in 
mammals they are limited to two bones 
in the thumb and big toe and three bones 
in each of the other fingers and toes. 

^Because of these many differences, the 
^atomists failed to see the rela- 
tionship between mammals and reptiles. 


But with the discovery oi many bones of 
mammal-like leptiles in South Aliica, 
notably by the physician-paleontologist 
Robert Broom, a multitude of likenesses 
appeared Although by far the greatest 
numbei and vaiiety of these reptiles 
has been excavated from South Africa, 
by now they have also been found m 
many parts of the world, including North 
and South America, Russia, England ^ind 
western China It is therefore apparent 
that during the last stages of the Paleo- 
zoic El a and the fiisl stages of the Meso- 
zoic they weie spiead over almost all the 
eaith. 

The reptiles Irom which the mammals 
are believed to have come belong to two 
orders, known as the therapsids and the 
ictidosaurs. Of particular interest among 
the theiapsids is the suborder called the 
thenodonts, so named liom theii “beast”- 
like 01 mammal-like teeth. An especially 
important genus of thenodont is Cynog- 
nathus (meaning dog-jaw). 

O ANYONE familiar with modern 
reptiles, Cynognath us seems most im- 
reptilian. In life this animal must have 
been very different m appearance and in 
actions from the reptiles of today. Even 
the fossilized bones show this, foi m 
Cijnognaihus many anatomical charac- 
ters bridge the structural gap between 
reptile and mammal 

Cynognathus was a rather large ani- 
mal with a long, doglike skull, as big as 
the skull of a wolf Evidently it was 
carnivorous, for its skull is armed with 
sharp, strong teeth well adapted to seiz- 
ing and tearing its prey. These teeth, 
quite unlike those of the carnivorous 
crocodile, are not evenly spaced and uni- 
form but rather are separated into dif- 
feientiated groups like the teeth of many 
mammals. They must surely have func- 
tioned like mammals' teeth. In the front 
of the jaws are small, conical incisor 
teeth for nipping or biting. Behind the 
incisors there is a gap, followed by a 
single, large, daggerhke canine in each 
of the upper and lower jaws. Like the 
canine in present-day wolves or foxes, it 
must have been the great, slashing knife 
that formed the principal weapon of the 
animal. Behind it are the cheek teeth, 
which in mammals are known as the pre- 




PALEOZOIC 



MAMMAL-LIKE REPTILES occupy a relatively minor reptilian orders with mammalian characteristics. The 
position in the entire reptilian line of descent. At lower early mammal which is shown in the Cretaceous Period 
right are the therapsids, with the ictidosaurs one of the {near top) is rather similar to the present-day opossum. 
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LYCAENOPS is a typical species among the mammal- 
like reptiles. It is one of the therioclonts, meaning that 
it had bcastlike teeth. The thcriodonts are a sidiordcr 
of the therapsids. One of the distinguishing features of 


Lycaenops, and other mammal-like reptiles, is a paii of 
long teeth used as slashing instruments. This restoration 
was made by the author and artist John C. Germ aim 
at New York’s American Museum of Natural History. 


molais and molars. In Cijnognathus, as 
in the mammals, these teeth aie complex, 
with scveial cusps forming the crown of 
each tooth. Evidently they were uselul 
ior cutting food into small pieces, so that 
it could be quickly assimilated by the 
digestive system. This is indeed a con- 
tiast to the living reptiles, which bolt 
their food and then digest it slowly. 

There aie various other maminal-like 
characters in the skull of Cijnognathiis. 
For instance, as a corollary to its per- 
fected dentition, this animal, like the 
mammals, had a secondary bony palate 
separatmg the respiratory tract from the 
alimentary passage. This obviously 
added to the efficiency and speed of eat- 
ing, which were important to a relatively 
active aiiiinak Again, in Cijiiognathiis as 
in the mammals, there are two condyles 
joining the skull to the first vertebra of 
the backbone. 

Winous mammal-like characters ap- 
pear in the skeleton of Cijnognathiis 
behind the skull. Thus there is a con- 
siderable degree of specialization of 
the vertebrae* tliose in the neck aie 
different from the rib-bearing trunk ver- 
tebrae, and one can see the beginnings 
of a ribless lumbar region, as in the 
mammals. The shoulder blade lias a 
strong spine along its front edge— some- 
thing quite new tor the reptiles, and a 
foieninner of the spine that is so distinc- 
tive of the mammahan shoulder blade. 
In the pelvic girdle the ilium is elon- 
gated, and much of tliis elongation is 
forward, so tlrat the bone begins to de- 
velop a ishape prophetiq of £he mam- 
malian ilium. The mnbs the feet are 
in certain respects ratiher mammal-like, 
Ewienlly CynogmfhmhRd a somewhat 
marnmaldike posture, with the body car- 
ried well above the ground and the feet 
pulled in toward the midline to give 



stiong suppoit and increase the effi- 
ciency of walking. 

Yet m spite of all these ach'ances, 
Cynognathus is distinctly a leptile, and 
it retains many of its ancient leptilum 
featuies. Thus it has a full complement 
of reptile bones in tlie skull, and to a 
huge degree in the skeleton as well. 
There is little of the loss and coalescence 
of bones so typical of mammalian s tinc- 
ture. The lower jaw is formed of several 
bones instead of a single one, and the 
skull is hinged to the lower jaw in the 
typical leptilian airangement The finger 
and toe bones are entirely reptilian. 

For all that, Cynognathus repiesents a 
great forward step in evolutionary de- 
velopment. Moreover, ceitain other the- 
riodont reptiles related to Cynognathus 
show advances in characters where Cy- 
nognathus was conservative For in- 
stance, a therioclont known as Bauria, 
which in many respects is less mammal- 
like than Cxjnognathus, has the same 
numbei of bones in its toes as a mam- 
mal has. Thus while no one theriodont 
reptile approaches completely the mam- 
malian type of stiuctiire, the therioclonts 
as a group clearly exhibit a ti*end m that 
dnection. 

T he approach toward the mammals is 
carried even fmther in the ictido- 
saiirs, of which we unfortunately know 
all too little. The ictidosaurs possess to an 
even more advanced degree the various 
mammal-like chai*acters that are distinc- 
tive of the theriodonts; in addition, they 
show trends toward the mammals in cer- 
tain characters that are still thoroughly 
reptilian in the theriodonts. For instance, 
the ictidosaurs have lost some of the skull 
bones chai*acteristic of the theriodonts 
and liave a very much more mammalian 
skull pattern. They show ,a further ad- 


vance in the bony sccondaiy palate The 
ictidosauis also have a greatly enlaiged 
dontary lioiic in the lower jaw— a step 
toward llie single jawbone of the mam- 
mals But they still have other bones in 
the lowei jaw and a typically leptilian 
hinge between skull and jaw, 

Discoveiies m two localities on oppo- 
site sides ol the earth m lecent years 
have extended gicatly our knowledge ol 
the ictidosaurs. In China, Di. Cluing 
Chien Young has described ictidosaiir 
skulls and bones that he unearthed in 
Yunnan; in England Walter Kuhne, by 
the most painstaking methods, has also 
obtained skulls and parts of skeletons of 
these veiy impoitant predecessors of the 
mammals. These ictidosaurs beai many 
structural resemblances to the platypus 
of Austialia, the most primitive ol living 
mammals 

At what stage in their evolution did 
these mammal-like icptiles cross the 
threshold into full mammahan status? 
We can assume that the reptile ceased to 
be a reptile and became a mammal 
when it bad established a constant body 
tempeiatiue and an insulating coat ol 
hail, and when i eprodiiction had 
leached an advanced stage of develop- 
ment, especially when the female had 
begun to lactate and suckle its young. 
Unfoitunately we can obtain no direct 
evidence on these changes, foi tempera- 
tme contiols, haii*, niammaiy glands and 
other soft parts of the anatomy are not 
preseived as fossils. 

Considering only the bones, we can 
say that the evolving animal had i cached 
a mammalian stage when it achieved the 
combination of structural features al- 
ready indicated as characteristic of mam- 
mals, that is, a full differentiation of the 
vertebrae, a fused pelvis, perfected feet, 
epipbyses on the long bones, a double 



occipital condyle at the base ot the skull, 
a perfected secondary palate, a chain of 
three small bones in the middle eai , and 
a single lower jawbone articulating with 
the skull. Of these features, the last is 
perhaps the most significant. 

In the mammal-hke i eptiles, there was 
a progressive reduction of the quadrate 
and articular bones which foimed the 
reptihan articulation between skull and 
jaw, m the ictidosaurs these elements 
were very small indeed Now from a 
nthesis of embryological and pa.le- 
ontological evidence we know that in 
the final transition from leptile to mam- 
mal, there was a lemarkable trans- 
formation in these bones. As the reptile 
became more nearly a mammal, the two 
bones finally abandoned their functions 
as aiticulating elements between the 
skull and the jaw, and entered the mid- 
dle ear. The quadrate became the mam- 
malian incus bone, the articular became 
the mammalian malleus, and together 
with the stapes the tlu-ee bones foimed 
the chain of ear ossicles that is charac- 
teristic of the mammals At the same 
time a new joint was foimed between the 
squamosal of the skull and the dentary, 
the only bone left in the lower jaw. 

None of die ictidosaurs had quite at- 
tained this stage of evolution, and so by 
definition they can still he regarded as 
1 eptiles. Yet at that point the distinction 
between reptile and mammal had be- 
come so narrow that the line of demarca- 
tion between them must be based, 
perhaps arbitrarily, on this difference be- 
tween a single ear ossicle and thiee eai 
ossicles. Though seemingly insignificant, 
the difference is so constant that it serves 
admuably as a reference point at which 
to draw veiy fine line between rep- 
tiles and mammals. 

T he first mammals pi ob ably looked 
very much like the mammal-hke rep- 
tiles that were their immediate ancestors. 
It was m the Tnassic Period of earth his- 
tory tliat tlie change from reptile to 
mammal was made, and from the suc- 
ceeding Jurassic Period on, we can see 
mammals sharing the earth with reptiles. 
The Triassic Period was still early in the 
Mesozoic Era, the great age of dinosaurs. 
For a long time, geologically speaking, 
the early mammals were destined to live 
in a world full of reptiles. It was a lush, 
ti*opical world, m wliich tire giant rep- 
tiles were supreme and the mammals 
relatively insignificant. But as the con- 
ditions on the land changed, the eartli 
became more suitable for mammals than 
for reptiles. By the time the mammals 
became dominant on tlie earth, their 
reptilian ancestors had long been extinct. 


Edwin H. Colbert is a paleontologist at 
the American Museum of Natural His- 
tory. He is also professor of cerfehrate 
paleontology at Columbia University. 



DEVELOPMENT of secondary palate \ black) illustrates evolutionary 
position of the maminal-like reptiles. Early mammal-like reptile Dimetrodon 
(A) had tiny palate, with nostrils opening into mouth. Later mammal-Eke 
reptile Cynognathus (B) had closed nasal passage. Dog has full palate. 
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THE X-RAY 
MICROSCOPE 

It does not exist, but the fundamental problem has 
been solved. When a practical model has been built, 
it will open some doors closed to electrons and light 

by Paul Kirkpatrick 


E very microscopist knows the 
sharpening of fine detail which 
becomes apparent in the material 
he IS viewing when a reddish light is 
replaced by the shorter waves of blue. 
Probably he has also wished that he 
could see by the still shorter waves of 
ultraviolet light, which v^oiild afford him 
a fuller measure of the same helpful 
ti-eatment. Photograpliic films do have 
ultraviolet vision, and tlrere are special 
microscopes that make full use of it. 
Such instruments are more costly and 
less convenient dian conventional micro- 
scopes^ but these disadvantages may 
well be overlooked when resolution of 
fine structures is the essential problem. 

Long waves simply cannot produce 
the sharp and faithful images of small 
bodies that are possible with short 
waves. This is an inevasible law of 
nature. Of course, no wavelength will 
produce good images without good 
lenses, or whatever one uses for lenses, 
but assuming perfection in these parts 
the ultimate advantage in the matter of 
resolving power lies with the shorter 
waves. This is why the electron micro- 
scope, in spite of its expense and its 
demanding techniques, was able to make 
an immediate and distinguished place 
for itself in competition with conven- 
tional methods which had been per- 
fected by generations of development. 
Yet electrons, tliough they achieve much 
finer resolution than does light, are weak 
in penetrating power, and so their seeing 
ability is limited to very thin specimens. 

An ideial agent for microscopy would 
be X-rays, ivhiiffi GO ^ range 

penetrating . short 

wavelengths—from 100' to 10,000; times 
shorter than those of light Thus the pos- 
^ihly of an X-ray microscope has been 
ah alluring subject of speculatkw^ ew 
shw 8fh03rbwave nature Uf X-mys 



was first sm'inised. But the difficulties 
have seemed too formidable. In one of 
his earliest experiments, Wilhelm Kon- 
rad Rontgen, the discoveier of X-rays, 
tried to focus them with lenses of glass 
and of hard rubber but found both in- 
effective. With the statement, ‘It is ob- 
vious that X-rays cannot be concentiated 
by lenses,” Rontgen seems to have aban- 
doned his attempts. His pessimism has 
been shared by a long generation of his 
successois who came to know far moie 
about X-rays than the discoveier had 
lived to learn. Although hope was never 
entirely abandoned, tlie status of the X- 
ray microscope became mainly that of a 
legendary instrument famous chiefly for 
the supposed impossibility of its existence . 

For a quarter of a century it has been 
quite clear why lenses will not work with 
X-rays. To focus the lays, a lens must 
refract them, and refi action depends on 
the production of an orderly effect on 
the electrons m the lens. The electiic 
field of the X-ray wave reverses itself so 
frequently that the relatively sluggish 
electrons in a lens of any material can- 
not follow, and are scarcely disturbed 
The wave is almost without effect upon 
matter, and vice versa The radiation 
passes with very little lefr action. To 
make tlie best of a bad situation we 
might place a large number of lenses in 
series and gain a cooperative effect 
which would increase the refraction. 
With tlie ordinary kind of X-rays a- train 
of 100 lenses might have a combined 
focal length as short as 100 meters. Per- 
haps the best material for these lenses 
would he beiyllium, a substance rela- 
tively transparent to X-rays. Even so, 
this weak lens system because of its great 
thickness would not be very transparent, 
and it obviously would be exceedmgly 
cumbersome. 

These , discouraging considerations 



turned the writer’s thoughts towaid the 
possibility of doing the trick with mir- 
lors. In telescopes, piojectors and micro- 
scopes working with ordinary light, the 
designer lias the choice of refi action or 
reflection systems. He often finds lea- 
son for piefeiimg the latter. So we have 
found it to be in the production ol X-ray 
images. We are not considering here the 
well-known type of reflection that takes 
place when crystals aie illuminated by 
X-rays It is doubtful that crystal mirrors 
of precise figure could be produced, and 
m any case crystal reflections are weak. 
A more promising type of X-ray lefiec- 
tion, requiring only polished sui faces, 
has been available since its discovery by 
the physicist Arthur Holly Compton in 
1922 

Comptons reflection is of the total 
type It is similar to the total reflection 
of ordinal y light that occuis within the 
prisms of field glasses or at the surface 
of water when the light comes from un- 
der the surface. A difference is that 
whereas light undergoes total reflection 
only when sti iking the boundary of its 
medium from inside the medium, X-rays 
are totally reflected only when they 
strike a material medium from outside. 
This contrasting behavior obtains be- 
cause X-ray vibrations are of higher fre- 
quency than those natural to the elec- 
trons of matter, while light frequencies 
are lower. 

Whether with X-rays or with light, the 
reflection takes place only within a re- 
stricted range of angles of incidence. In 
the case of X-rays this range is most in- 
conveniently narrow. Only the rays that 
strike at a very small angle, i.e., those 
that he nearly pai-allel to the surface of 
the minror, are destined for reflection. 
The critical angle below which reflecti- 
ble rays he is larger for some X-rays and 
some mirrors than for others; but even in 



the favoiable case of the X-rays of the 
longest wavelengths stiiking a mirror of 
high density, the critical angle does not 
often exceed one degree. 

This nairow gateway to reflection has 
heretofore seemed to offer so little prom- 
ise that a recent Patent Office search 
turned up not one patented invention re- 
lating to total X-ray reflection. Neverthe- 
less, it turns out that optical images may 
be formed by curved miiTors even under 
these strict limitations We consider first 
spherical mirrors, not that they are nec- 
essarily ideal but because they are easy 
to obtain and because their properties 
aie familiar 

If radiation from a sufficiently distant 
point source strikes a concave, spherical 
mirror within the critical angle, the 
image formed is not a point but a line— 
the well-known phenomenon of astig- 
matism {illustrated in the middle draw- 
ing on page 47) The line focuses at a 
perfectly definite position governed by a 
focal length which depends in a known 
manner upon the curvature of the mirror 
and the angle of incidence. A mirror of 
this kind is, of course, quite unable to 
produce a ti'ue image of an object, but 
its astigmatism may be coirected by an- 
other mirror of contiasting pioperties, as 
an astigmatic human eye is corrected by 
the supplementary action of an equally 
astigmatic spectacle lens. 

Correcting the astigmatism of X-rays is 


achieved by mounting two concave mii'- 
rors close together but wnth their faces at 
right angles to each other ( bottom draw- 
ing on page 47). Rays from a point ob- 
ject, reflecting in sequence from the two 
mirrors, converge to a point image, and 
therefore an extended object yields an 
extended, two-dimensional image. This 
process is at the heart of the design for 
an X-ray microscope. 

I F the X-iay microscope is to become a 
useful reality, it must produce not 
merely an image but a good image. X-ray 
images are subject to many of the com- 
mon optical aberrations and limitations 
Since the images are not formed bv re- 
fi action, there is no chromatic aberra- 
tion But the spherical abenation is 
strong. Spherical aberration may be re- 
duced by using a very small opening, 
which narrows the rays to a small section 
of the miiTOi In the system just de- 
scribed, spherical aberration is pre- 
vented from ruining the images only by 
the extremely narrow apertures with 
which we have thus far worked— about 
/1, 000, which IS much tinier than the 
smallest opening (/64) in a conven- 
tional camera. A small aperture is unde- 
sirable, however, for it is antagonistic to 
speed of photographic exposure and to 
lesolvmg power. Unless resoh'mg power 
is conseiwed, half the advantage of X- 
ra) s is lost, so spherical aberration must 


be combatted by some weapon othei 
than the aperture stop. 

The fundamental way to get nd of 
spherical aberration is to abandon 
spheres. The geometrical foim which 
truly reflects rays from point object to 
point image is not the sphere but the 
ellipsoid, i c., the shape approximately 
lepresented bv an egg or a cigar. One 
might suppose that a single ellipsoidal 
mirror— for example, a portion of the in- 
side surface of a hollow, cigar-shaped 
reflector— would be a better image-form- 
mg device than the odd combination of 
two mirrors at right angles. The sugges- 
tion turns out to be disappointing; such 
a mirror, if it could be made, would pro- 
duce at one focus of the ellipsoid a good 
image of a point radiation source situ- 
ated at the other focus, but the field of 
useful vision would be very small: all 
points of the object except the one right 
on the focus would be very badly 
imaged. The useful field of the two-mir- 
ror combination is thousands of times 
larger than that of a single ellipsoid 

To use the elliptical focusing princi- 
ple in a two-miiTor combination, we re- 
quire miiTors curved in the shape of a 
selected portion of an ellipse along the 
direction of the rays The emwature m 
the crosswise direction is unimportant 
We have found it possible to produce 
such aberration-h-ee mirrors by the con- 
ti’olled condensation of metallic vapors 



PINHOLE IMAGE is made with X-rays from the cath- LINE IMAGES were produced by reflecting a beam of 
ode of a deep therapy X-ray tube. The image is a crude rays with a spherical mirror. Several images were made 
copy of the structure formed by the cathode itself. by exposing a photographic plate at various distances. 
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CORRECTED IMAGE i& produced by two spherical mirrors arranged in the 
manner shown at ])ottoin of opposite page. Object was a screen with 
350 meshes per inch. Image is at the right. At top and bottom arc astig- 
matic unages of each mirror. Spot at left is caused by direct radiation. 



EISLARGEMEIVT OF IMAGE that appears at the right in the photograi 
^oya de^ii^rates fundatnentally good quality. The definition of the La 
js limited only hy the grain^of th^ photographic plate. Further correction 
hfmmpe^ may Jje achieved by the tme of three spherical mirrors in seri 


Upon glass sin laces This is an adapta- 
tion ol the method developed by the 
physicist John Strong foi conveiting 
spheiical telescope minors into paiabolic 
miriois. The glass suiface to be built up 
is mounted m a vacuum with its face 
downwaid, over a little crucible in winch 
silvei or othei metal may be melted and 
evaporated to dryness Bet^^'een the cru- 
cible and the glass a careiully designed 
brass interceptoi moves in a precisclv 
conti oiled mannei which allows the 
evaporating metal atoms to pass in de- 
sired amounts to the areas where they 
are needed. Silvei, whicli vaporizes read- 
ily, IS used m building up the suriacc, 
and it IS built up to a lavci as thick as a 
wavelength ot visible light on some aieas 
of the glass. The finish coat is a uniioim 
layei of platinum, applied not loi ap- 
pearance or piotection but to widen the 
angular lange within which total le flec- 
tion IS possible, foi, as was indicated 
earlier, the maximum angle of leflection 
depends upon the mateiial ol the miiror 
surface 

Thus fai oiii piograin of lesearch has 
been diiected tow aid the solution of 
basic pioblems of design and construc- 
tion, and tlicrc have been no attempts to 
icalize high magnifications oi icsolving 
poweis A theoretical calculation indi- 
cates that an X-rav mirroi system using 
the full aperture pcimitted by the criti- 
cal angle would he just able to resolve 
object points 70 AngsLiom units apaxt 
( one Angstrom ~ 1 00,000, 000 centi- 

metei). This lesolving powei is about 
25 times greater than that attainable by 
the finest visible-light micioscope. It is 
an odd fact that the limit is independent 
of the X-iay wavelength— apparently a 
conti adiction ol the optical rule tliat the 
shoiter the wavelength the betlei the 
resolution. The reason is that the im- 
provement of resolving powei which 
should be gained by a decrease of 
wavelength is nullified by the change of 
ciitical angle which inevitably accom- 
panies the change m wa^'elcngtll. 

W HETHER an X-ray microscope 
would achieve a gam in magrnfi- 
cation is of less consequence than its re- 
solving power. The importance of mag- 
nification in the obseivation of small 
things is popularly ovei estimated. It is a 
Simple matter to blow up a small pictiue 
by photographic enlargement, oi to pro- 
ject it upon a screen and iheieby mag- 
nify it thousands of times. Such magnifi- 
cation serves no pm pose beyond" the 
point at which the finest authentic detail 
of the picture is rendeied plainly visible, 
Fuither magnification does not sharpen 
an essentially blurry focus or refine a 
coarse resolution. The important thing is 
to get the detail into the pictuie in the 
first place, whether the picture be large 
or small. This requires an adequate x*e- 
solving power in the optical system and 
a fine grain at the photographic smface. 



Tlie opei citing rule with the X-iay micio- 
scepe will be to use only enough primaiy 
magnification to ensuie that photo- 
graphic gram size is not the factor limit- 
hicT the detail recoided upon the film. 
Images thus lecoided may then be 
stepped up to convenient size by photo- 
maphic enlargement The alternative 
plan of doing the whole thing by X-ray 
magnification would be a slowei piocess, 
since exposuie time must be mci eased 
proportionally with the square of the 
linear magnification 

X-rays, like electrons, should have a 
clear supeiiority over visible or ultra- 
violet light 111 the matter of resolving 
powei, but at present it seems unlikely 
that X-ray microscopes will ever equal 
the magnificent resolutions already at- 
tained by election microscopes. In com- 
paiing X-iays with electrons we should 
take note of an important diffeience in 
the manner of their penetration through 
matter. An X-ray beam will be weakened 
m such a passage, but the smvivmg por- 
tion will be as tiuly on its course as if it 
had come through a vacuum. An elec- 
tion beam, on the other hand, not only 
is weakened by the removal of some of 
its particles, but most of those which sui- 
vive will have been drawn off theii origi- 
nal courses by small amounts. This is one 
leason why the air must be removed 
h'om the paths to be traversed by elec- 
tions in the electron microscope, leaving 
the specimens under examination mount- 
ed naked m the vacuum. Such exposure, 
which is damaging to some biological 
materials, is not requiied with X-ray 
microscopes In them, peiishable speci- 
mens may be smrounded by light gases 
and water vapor An X-ray microscope 
would also be much simpler in construc- 
tion and opeiation than is the electi*on 
microscope. 

T he wide range of penetrative powers 
provided by the X-ray spectrum sug- 
gests the application of X-ray micio- 
scopic methods to metals and minerals 
too dense for electron penetration In 
current piactice such materials are stu- 
died bv microiadiography down to a 
hmit set by photographic gram size. 
With X-ray magnification available, this 
limit may be pushed on down 

The progress of science is the progress 
permitted by its instruments. Any exten- 
sion of the powers of an instrument al- 
lows its users to move upon new prob- 
lems. Detailed prediction is doubtful 
business, but, as history is repetitive, the 
addition of a new radiation to micros- 
copy should open new doois. 



Vaul Kirkpatrick 
is professor of 
physics at Stan- 
ford University, 


BASIC PRINCIPLE of X-ray microscopy is that a mirror will reflect 
rays only at a very shallow angle (top ) . Rays from a point source m^ ^ e 
focused by a spherical mirror, but the image is asti^atic (center) . Point 
image of a point source may be produced by two spherical mirrors (bottom) . 
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CHEMICAL WARFARE 
AMONG THE PLANTS 

Cooperation and competition are familiar institutions 
of tlie plant kingdom. Some plants make use of a form 
of antisocial behavior to inhibit their competitors 

by James Bonner 

P LANTS, like animals, do not live along congenially in their own groups competition, at least not in the same 

alone. Just as every ammaFs en- but do not mis with foreigners sense It has to do with the production 

vironment includes other animals, Obviously the most important selec- by a particular species of chemical sub- 
so a plant is affected by other plants in tive factors are chmate and the physical stances that are given off to the soil and 
its community. Theie is such a tiling as surroundings. The species that grow in influence the growth and welfaie of 
a sociology of plants, and a veiy consid- association thrive on similar conditions other species. The plants that wai upon 
erable amount of attention has been of temperature, light, water and soil. one another in this way would not neces- 
given to various phases of that study. It This is particularly evident in the cases sarily be in conflict so far as food or other 
is known that members of the plant king- of plants that grow under unusual con- requirements aie concerned. They ap- 
dom not only compete among themselves ditions— in bogs, m high meadows, m peai, however, to be inheiently antago- 
foi food, light and water but often en- salty sinks, on seacoasts, in aiid, rocky nistic. 

gage in moie subtle forms of warfaie or deserts. Undoubtedly many plant asso- In the field of miciobiology this kind 
cooperation. This article will deal with ciations, perhaps alb m-e influenced in of phenomenon has been known for 
a remarkable phenomenon in plant rela- then species composition by this iactoi some tune. We aie well acquainted with 
tions tliat has onlv recently come to of site selection by the species that are a certain microscopic plant that pio- 
hght: the fact tliat some plants possess best adapted to that site. A great deal of duces poisonous substances, the fungus 
chemical weapons with which they at- the work done in plant ecology has in- Fenicillium notatiim, which yields pem- 
tack their neighbors volved trying to find out ]ust what the cillin, a chemical that is highly toxic to a 

The explanation of this phenomenon physical factors are that condition a par- wide variety of other organisms. In 1932, 
requires some prehminary consideration ticular plant association four years after Alexandei Fleming dis- 

of the facts of plant ecology, z.e , the in- ‘ covered penicillin, the U. S. botanist 

terrelations among plants and theii en- AN individual plant influences the Richard Wemdling found that a soil 

vu'onment. If we look at a plant society, well-being of the other individuals fungus named Ghjodadium produced a 

we see that it is almost always made up in its association in various ways, of substance, glyotoxm, which was toxic to 
not only of individuals of the same spe- wdiich the best understood is the compe- tlie growth of other organisms, including 
ciesbut of a number of species, all grow- titionfor some factor essential to growth, othei fungi. Scores of such antisocial 
mg together m more or less intimacy. It such as light, water, or mineral elements chemicals have now been isolated horn 
is easy enough to understand why plants This might be called economic conflict a wide variety of microorganisms ( al- 
of the same species should settle in the Thus limitations in soil nutrients or in though only a tew have all the properties 
same place: they have similar require- soil moisture may restiict the total num- needed to make them effective therapeu- 
ments and all can thrive on, or at least her of individuals that can live on a given tically in higher animals as aie penicillin 
tolerate, the physical environment of area. Or again a tree, when it becomes and streptomycin) . 
that particular habitat. But what are the established in biush vegetation, as it That higher plants also possess this 
factors that determine which species of gi'ows taller may lob the slirulis of light property has long been suspected. Au- 
plants may dwell together? to such an extent that the latter may no gustin de Candolle, the gi*eat Swiss 

One significant clue lies m the fact longer be able to survive. These eco- botanist of the early 19th century, re- 
that certam groups of species are likely nomic factors of competition vary con- corded that thistles appeared to inhibit 
to be found together in many sites where siderably in importance, depending on the growth of oats. He suggested that 
similar conditions prevail. So constant whether the different species involved this intei action might be due to specific 
are these societies that it is possible to tend to be equal or disparate in height, chemical inhibitois. The first experi- 
classify the groups and to name them as on whether their roots grow through the ments specifically designed to lest this 
particular communities and associations, same layer of soil or exploit different hypothesis were earned out in England 
just as taxonomists name individual spe- soil layers, and so on. It is probably an by S. C. Pickering and the Duke of Bed- 
cies of plants or luuxnals. On the other axiom of plant sociology that a stable ford in the earlv years of this centurv. 

are^^epies that are never plant community tends to be made up of In one type of" expeiiment they grew 
found together m the s^e association, species whose individuals provide the apple trees in tubs moistened with water 
even thdugh niemhesr^ of these species least amount of economic competition to that had previously leached through 
may range widely over the same general one another. pots containing growing grasses. Thev 

geographic re^on. The citizens of the The method of interaction among in- showed that the grasses appeared to pro- 
plant world, one may say, are seg^egkted dividual plants with which we are here duce in the water a principle that in- 
iiijtp ^elusive associations which get concerned i^ not, however, based on hibited the growth of apple trees. In a 

■ ' ' ' ' , ■ ■ 




PLANT COMPETITION is illustrated by tlie example 
of a pine forest in which hardwood trees have gained a 
foothold. The tall trees in this drawing are pine; the 
small saplings below are gum, maple, oak and hickory. 


END OF COMPETITION shown in the drawing at left 
is a forest of oak and hickory. Pines no longer grow in 
significant numbers. This type of forest competition 
usually begins when pines are weakened by enemies. 
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BLACK WALNUT {Juglans nigra) may produce a 
chemical inimical to other species. Jugloiie, a compound 
found in its roots and leaves, has been investigated. 


WORMWOOD (Artemisia absinthium) produces a 
chemical called absinthiu that discourages growtli of 
certain species. Ah sintliin is washed onto tlic soil l>y rain. 


series of brilliant investigations carried 
out by Oswald Schreiner and his col- 
leagues in the XJ. S, Department of Agri- 
culture, fom* different substances toxic to 
plant growtli were isolated from various 
soils. In none of these early investiga- 
tions, however, was there complete proof 
that a particular species growing in na- 
ture or in the field is inhibited by an 
identifiable substance produced by a 
second species. The evidence which led 
to this conclusion has been obtained only 
in recent years. 

Perhaps the most detailed observation 
made was that by the German H. Bode 
and the Belgian G. L. Funke m the years 
1939 to 1943. Bode, who worked in a 
garden of pharmaceutical plants, ob- 
served that along the two sides of a row" 
of plants of the wormwood, Artemisia 
absinthium, individuals of other species 
grew very poorly or were killed outright. 
The inhibitory influence of the row of 
wormwood extended for upward of a 
meter in each direction. This growth- 
depressing effect could not be attrib- 
ute to competition of the Artemisia 
^vifh other plants, for other shrub species 
of size and habit closely comparable to 
wormwood exerted no such effects. Bode 
showed that the action of the wormwood 
on oth^ plan^ was due to a chemical 
compound, absinfhin, which is produced 
in glandular hairs on the surface of the 
ArtemMa leaves. The compound is 
wa^ed off onto the adjacent soil 
rain, and the toxidty of the soil is con^ 



stantly renewed as recurring rains bring 
fresh supplies of the toxic compound to 
it, The effect of absinthin is not the same 
on all species of plants. A few appear to 
be resistant to it. When Artemisia ahsin- 
ihiinn is growm in the field, Funke dis- 
covered, only these resistant species 
appear in the same patch, the other 
weed species usually found in such sites 
are suppressed. 

A nother antisocial chemical is pro- 
. duced by leaves of the brittlebush, 
Encelia farinosa, which inhabits the low 
hot deserts of the U. S. Southwest. F. W. 
Went of the California Institute of Tech- 
nology, studying the flora of this region, 
found that most of the species of peren- 
nial shrubs growing there harbor a vigor- 
ous coterie of annuals around them, no 
doubt in part at least because they pro- 
vide shade and an accumulation of or- 
ganic matter for the lesser plants. The 
brittlebush, however, is a conspicuous 
exception. The area under and around 
a brittlebush is in general barren of 
other plants except in certain special 
circumstances. Because the absence of 
other plants did not appear to be due 
to simple competition effects, fallen 
leaves of the brittlebush were scraped 
from the ground under the bush and 
taken to a laboratory for study. When 
they Were placed as a mulch over sand 
in pots in which tomatoes or other spe- 
qies were growing, it was found that 
the brittlebush leaves, , even in small 



quantities, caused scvcie retardation of 
growth, or even the death, of the test 
plant. 

The toxic action of Encelia leaves, 
like that of Absinthium, is highly spe- 
cific. It has little effect on the brittlebush 
itself, on sunflowers, or on barley; but it 
has a pronounced influence on certain 
other plants, notably, as has been men- 
tioned, the tomato. On chemical frac- 
tionation, the Encelia leaves yielded a 
toxic compound which, isolated in crys- 
talline form, was found to be a new 
chemical substance, 3-acetyl-6-methoxy 
bcnzaldehyde. This compound, when 
synthesized in the laboratory, had a toxic 
activity identical with that of the natural 
material. Experiments have shown that 
the fallen leaves of the brittlebush retain 
then toxicity for a year or more m the 
absence of rain, and that the toxic ma- 
terial is leached out into the soil by 
water. Annuals usually associated with 
shrubs, such as Rafinesquia, are highly 
susceptible to the brittlebush toxic sub- 
stance. It may therefore be concluded 
that the lack of growth of annuals in 
association with Encelia under natural 
conditions may be due to the production 
by brittlebush of this toxic substance. An 
exceptional situation occurs, howe^"er, m 
certain mountainous areas where Encelia 
grows on steep slopes that are subject 
to occasional torrential runoff. There the 
ground under the plant is free of the 
mulch of fallen leaves, and it is not 
uncommon to find individuals of sever- 




GUAYULE {Partheniinn argentatum) ^ the rubber- BRITTLEBUSH {Encelia far inosa] ^ a shruh in 

bearing shrub of the U,S. Southwest, manufactures a the deserts of the Southwest, secretes 3-acetyl-6-metho\y 

chemical which inhibits the seedlings of same species. benzaldehyde to prevent the growth of near]>y plants. 


al other species growing m association 
with the shrub. 

It has been known for many years that 
the black walnut {Juglans nigra) exerts 
a detrimental effect on the growth of sur- 
1 Grinding plants of many species, and it 
has often been suggested that this may 
be due to a chemical substance produced 
by the tree. Everett Davis, working in 
West Vu'ginia, sought to determine 
whether the injuiious effects produced 
by the black walnut deiived fiom jug- 
lone, a compound found in the foliage 
and loots of the plant. He showed that 
juglone IS toxic to tomato and alfalfa 
plants. It has not been proved, however, 
that juglone is in fact the means by 
which the black walnut injures other 
plants under natural conditions. This 
case remains to be worked out in detail, 
and it is of mteiest to do so because of 
the prevalence of black walnut poison- 
ing of crops in the East and Southwest. 

Chemical interaction is not restricted 
to plants of different species. We know 
that in some instances a plant may pro- 
duce a compound which is inhibitory to 
plants of its own species. Such a plant 
IS the guayule, Tartlieniiim argentatiim, 
a rubber-bearing shrub of the southwest 
desert. When this plant is grown under 
laboratory conditions, the roots give off 
a substance that is toxic to seedlings of 
the same species. The inhibitor was iso- 
lated in piu*e form and shown to be cin- 
namic acid. Tliis substance has a power- 
ful effect: less than one part in 200,000 


parts of soil is sufficient to bring about 
a significant depression of seedling 
growth 

Why should a plant produce a com- 
pound highly toxic to its own species 
and much less toxic to other species^ An 
answer to this question may perhaps be 
found in tlie way in which shrubby 
species are distributed under desert con- 
ditions. Normally in such an enviinn- 
ment tlie individuals of a given species 
are widely and uniformly spaced, as 
though to share the scant supplies of 
water and nutiients. Seedlings of guay- 
ule are rarelv found undei a mature 
guayule plant —a situation common to a 
wide range of desert shrubs. Even when 
guayule seedlings are transplanted into 
the neighborhood of a mature guayule 
plant the)' show poor survival and little 
growth. It can be shown by experiment 
that this failure is duectly related to the 
inhibitor produced by the mature plant. 
The explanation may be that the mature 
guayule plant produces its inhibitor to 
prevent the estahUshment of young com- 
petitors for water and food. 

The chemical interaction between 
plants is not always hostile. There are 
plants that produce substances which 
promote the growth of other plants in- 
stead of inhibiting it. Certain leguminous 
plants excrete nitrogenous compounds 
which may be taken up and used by 
associated non-leguminous species. F. W, 
Went has shoAvn that in the tropical rain 
forest of Java each species of forest tree 


has its own particular species of epi- 
phytes, higher plants whose seeds ger- 
minate and gi*ow high up on the tiuink 
of the host. This specificit}^ of epiphyte 
for host ti*ee ma) be a leflection of the 
effects of particular compounds from the 
tree on the germination and growtli of 
the seeds of the epiphyte species. 

I T is clear that further and more de- 
tailed investigations are iiecessaiw in 
order to disco\'er the exact limits of 
chemical interaction among higher 
plants. It appeals that the pioduction of 
substances inhibitory to other plants mav 
be very widespread in the plant world. 
In a survey of native woody species of 
one section of eastern California alone, 
it was found that the leaves of approxi- 
mately half of the species collected con- 
tained principles toxic to the growth of 
one selected test plant. 

Fundamentally, of course, the chemi- 
cal interactions among plants must have 
something to do with the factor of com- 
petition, which is undoubtedly of tlie 
most general and pervasive significance 
in plant relations. Thus chemical war- 
fare and cooperation are merely one 
phase of the larger complex of inter- 
actions which determine the sociology of 
the plant community. 


James Bonner is professor 
of biology at the Califor- 
nia Institute of Technology, 
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190S PORTRATT of Ein ste^m was mad^ in, tlie year of 
his greatest prodnctivity. While he worked as a clerk 
ip the Swisp patent office, hp made his ^^t.cQntribn- 


tion to the quantum theory and published a paper en- 
titled ‘*^00 the Electrodynamics of Moving Bodies.” It 
was tl^ that set forth the special theory of relativity. 



THE INFLUENCE 
OF ALBERT EINSTEIN 


This month he is 70. It is an appropriate time 
to reflect on his achievements and to consider 
the present state of the work he began in 1905 

by Banesli Hoffmann 


ALBERT EINSTEIN, whose 70tli 
uL birthday this month is being noted 
throughout the civilized world, oc- 
cupies a position unique among scien- 
tists He has become a legend m his own 
hfetime. The public adulation of him is 
so great that he dare not list his tele- 
phone number m the directory. When 
he delivers one of his raie lectures at the 
Institute tor Advanced Study m Prince- 
ton, no notice of it may be posted on a 
bulletin board, the news must be passed 
around among his colleagues by word of 
mouth, lest it leak out and the lectuie 
hall be oveiiun by repoiteis and curios- 
ity seekers. 

It is relativity, of course, that has made 
Einstein’s name a household word, and 
there can be no question that this one 
revolutionary achie\^ement has been and 
will continue to be the distinction tliat 
sets him apart. The theoiy of relativity 
has a monumental cpality that places its 
author among the tiuly great scientists 
of all tune, in the select company of 
Isaac Newton and Archimedes. With its 
lascmating paradoxes and spectaculai 
successes it fired the imagination of the 
public— and until recently all but ob- 
scured Einstein’s many other contribu- 
tions to science. 

In the peispective of half a century, 
these contributions have grown in im- 
portance Considering recent develop- 
ments m physics, any estimate of his 
influence must recognize not only his 
quality as a great independent innovator 
but also his activities in advancing the 
fruitful progress of physical theory. 

Einstein has lived m an era of un- 
precedented scientific change, much of 
which was generated by his own dis- 
coveries. Yet science was ripe for great 
upheavals even before his arrival. The 
seeds of scientific unrest that led to the 
theory of relativity had already been 
planted when Einstein was a boy. And 
the fundamental tenets of physical sci- 
ence were destined to be disrupted even 
more dramatically by the quantum theo- 
ry, which had its birth in 1900. To the 
quantum theory Einstein himself made 


vital contiTbutions Indeed, the Nobel 
prize was awarded to him m 1921 not 
specifically for his conti*oversial theory 
of relativity but “for his merits on behalf 
of theoretical physics, and m particular 
for his discovery of the law of the photo- 
electric effect.” 

Although Einstein is commonly 
thought of as an ivory- tower scholar, he 
has always had a happy knack for in- 
fluencing the course of events, and a 
lemarkable instmct for delecting the 
needle of ti'uth in a haystack of specula- 
tion. This IS perhaps best shown in his 
quantum work of 1905. He was then an 
unknovwi scientist, not even associated 
with a university. Five years earher Max 
Planck had suggested that matter must 
absoib and give off eneigy not in a con- 
tinuous flow but in minute bundles, or 
quanta. Nowadays, with the quantum so 
firmly established, even a professional 
physicist finds difficulty m recapturing 
the sense of outrage that such an idea 
must have provoked at the time. The 
idea w^as outright heresy. It was as if a 
scientist had said, in all seriousness, that 
something could be in two places at 
once (Indeed, the development of tlie 
theory ultimately did imply that.) 

P LANCK himself viewed his idea with. 

misgiving, and at first it made no 
headw^ay. The young Einstem, however, 
daied to take it seriously. With cogent 
arguments he showed that the energy 
that was given off in bundles must some- 
how continue to exist m bimdles-bun- 
dles of light, which we now call photons. 
Since centuries of research, culminating 
m the electromagnetic equations of 
James Clerk Maxwell, had pointed in- 
disputably to the fact that hght was a 
w^ave, this idea of bundles or particles 
of hght was surely nonsense. Yet some- 
how it had to be sensible, for Einstein 
showed that it w^as able to explain phe- 
nomena that the wave theory could not 
encompass, notably the photoelectric 
effect, in which the energy of electrons 
knocked out of a metallic surface by light 
shining on it depended not on the inten- 


sity but on the wM\elength of the light. 

Einstein’s idea of particles of light 
marked a tm'mng point in the histoiy of 
the quantum. Though fundamentally 
simple, it was the product of extiaor- 
dmar\^ boldness and scientific insight. 
For the idea of particles of light w'as be- 
set by enormous difficulties. Perhaps 
hght did consist of particles, as Einstein 
saitl. But it certainly consisted of w'aves, 
as he was acutely awaire. This paradox 
plagued scientists for many a year be- 
fore it was resolved by Werner Heisen- 
berg and Niels Bohr in terms of the mod- 
ern quantum tlieoiy. 

In tlie early 1920s the French theoret- 
ical physicist Louis de Broglie put for- 
w^ard tlie weird idea that electrons and 
other particles of matter were accom- 
panied by curious sorts of waves. For 
years he developed his ideas without 
awakening any echo of response from 
other scientists. The French physicist P. 
Langevui was the first to see that they 
might have merit. And one day Einstein 
happened to come across them. Struck 
by their boldness, and by an inner plausi- 
bility beneath their outward appearance 
of fantasy, he espoused them m tlie sci- 
entific press. The response w^as spectacu- 
lar. Einsteins recommendations brought 
the ideas of de Broglie to the attention of 
the brilliant Austrian physicist Erwm 
Schrodinger. Schrbdinger forthwith 
transformed them into the successful 
quantum theor\' of wave mechanics, 
Nvhich now forms a central part of mod- 
em atomic physics and which proved to 
be substantially the same as the appar- 
ently different theory by which Plei sen- 
berg and Bohr resolved the particle- 
wave dilemma. 

EiiisteiiTs achievements in that single 
year of 1905 are breathtaking. While 
busy earning his living in the Swiss pat- 
ent office, he found time not only for his 
epoch-making work on the quantum but 
also for important contnbutions to the 
theory o£ the Brownian movement— the 
incessant agitation of microscopic parti- 
cles caused by molecular bombardm^t 
In the same year he published a paper, 
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beaiing the unpiepossessing title “On 
the Electrodynamics ot Moving Bodies/’ 
ill which he set forth the special theory 
of relativit}^ And, to cap it all, in a sec- 
ond paper on relativit}^ in that same yeai 
he made his celebrated deduction of the 
equivalence of mass and enei gy . E = me- . 

If the quantum idea required bold- 
ness, what shall we say of the theory of 
lelativity? Where the idea of pai tides of 
light challenged a meie theory, relativity 
challenged a universal and ingrained 
conception of time. We see nothing out 
of the way m the statement that Joe 
DiMaggio hit a home run m one base- 
ball game at the same moment that 
Johnny Mize hit one in another. It does 
not occur to us that this implies that the 
phrase “the same moment” has meaning. 

It seems ridiculous to raise the question. 

Yet Einstein successfully challenged 
this attitude. Reasoning from precise 
experimental data, including the cele- 
brated experiment of Michelson and 
Morley on the speed of light tluough 
the “etliei,” he showed that we must give 
up, at whatever emotional cost, our be- 
lief that “the same moment” has a defi- 
nite meaning. Events at different places 
that occur at the same moment for one 
observer definitely do not occur at the 
same moment for another observer mov- 
ing relative to the first. Simultaneity is 
not absolute It depends on the observer 
Time IS relative, 

E instein went on to prove that 
space, too, must be relative, that no 
object can move fastei than light, that 
mass increases with speed and, in brief, 
that all of theoretical physics, based as 
it was on erroneous ideas of space and 
time, must be reconstructed. 

Newton s theory of gravitation, which 
had reigned unchallenged for more than 
200 years,' clearly did not fit the stringent 
requirements of relativity. Y’et the prob- 
lem of replacing it was so difficult that 
Einstein took 10 years to find the solu- 
tion. And to do so he had to construct a 
general theory of relativity, beside which 
the special theory of 1905 appeared al- 
most an incident. ' 

The German mathematician Herman 
Minkowski had discovered in 1908 a 
striking relationship between equations 
of the special theory of relativity and 
equations used by geometers of multi- 
dimensional spaces. From this relation- 
ship he deduced that space and tune are 
fused together into a single four-dimen- 
sional entity: space-time. 

The space-time that Minkowski found 
in the special theory of relativity was 
flat. Einstein^ guided by ^peculations on 
su^ suriple situations as &e operation 
of ^vity with relation to a moving ele- 
vator,. conduded 6>at gjra^tatiDn mu^ 
he equivalent to a curvatmre of space- 
time, die idea of a force of gravitalion 
b^g irrelevant. If gravitation was assor 
with a cmrvafnre of spacethnev 


that alone was a reason why bodies 
under the influence ot gi avitational “at- 
ti action” followed curved paths 

The general theory of relativity is 
moie than an imposing intellectual 
structuie It has a grandeur that is also 
esthetic. From the idea of curved space- 
time the equations governing gravitation 
flowed with such inevitability and logical 
economy as to make the general theory 
a masterpiece ot ait as well as science. 

Only a deep faith could have sus- 
tained Einstein’s courage through the 
yeais of lonely effoit before expeiiment 
showed his labois had not been in vain. 
He once made a lemark to me that 
throws a revealing light on his methods. 
When estimating the value of a possible 
physical idea, he said, he asked himself 
whether it seemed so natural that he 
would have made the universe that way 
had he been God. If the idea did not 
possess this esthetic quality, he mis- 
ti listed it. 

In the general theory of relativity, 
gravitation was envisaged as only a 
minor puckering or roughness in an 
otherwise smooth space-time. In 1917 
Einstein found reasons for supposing 
tliat the four-dimensional universe taken 
as a whole might be roughly cylindrical 
in shape. Not even Einstein could visual- 
ize a four-dimensional cylinder, but it 
could be conceived in mathematical 
terms. With this idea he inaugurated the 
subject of relativistic cosmology. 

The Dutch astionomer W. de Sitter 
then suggested a different shape that 
goes by the name of pseudo-spherical 
His theory predicted that distant bodies 
would appear to recede from us, a pre- 
diction tentatively borne out by the 
sketchy astronomical data then avail- 
able. Thus prompted, the astronomers 
made further measurements, and found 
that the most distant nebulae did indeed 
appear to be receding at altogether stag- 
gering rates. Unfortunately de Sitter’s 
model applied only to a theoietically 
empty universe. Einstein’s model, on the 
other hand, did pertain to a universe in- 
habited by matter and radiation, but it 
predicted no recession of bodies of mat- 
ter fi'om one another. 

To obtain a recession in a universe 
that was not empty, the Belgian cosmolo- 
gist Abbe Lemaitre in 1927 developed 
his theory of the expanding universe, 
which supposes that the universe ex- 
ploded long ago and that its fragments 
are still flying apart— a theory which has 
recently been applied by George Gamow 
and R. A. Alpher to account for the ori- 
gin of elements and their relative abun- 
dances m the universe (Scientific 
Amehica.n, July, 1948) . 

Meanwhile Hermann Weyl of Ger- 
many had introduced the idea of a uni- 
fied field theory. If what was once called 
^vitational force could be considered 
^ arrvature,. he argued, why should not 
electromagnetic forces have a geo- 


metincal basis*'^ Gi avitational cuivature 
affects diicctions- for instance, an aii- 
plaiie flying lialf way round the earth 
would end up pointing in the direction 
opposite to the one in which it started. 
Weyl therefore suggested that electio- 
magnetic foices might be connected with 
an analogous effect upon lengths, much 
as if the airplane ended up not only with 
a different diiection but also a difteient 
size Because this plausible and ingen- 
ious idea actually yielded the same 
equations as those of Maxwell governing 
the electromagnetic field, it excited con- 
sideiable attention But Einstein, while 
gieatly admit ing it, found it unaccept- 
able because it violated physical princi- 
ples; he proved that the Weyl theory 
implied that atoms would emit light of 
all fiequencies, whereas actually they 
produce sharp spectial lines indicating 
radiation only at specific fiequencies. 

The German mathematician Th. Kalu- 
za later showed that Einstein’s gravita- 
tional equations could be made to yield 
Maxwell’s electromagnetic equations by 
expanding them to fit a special five-di- 
mensional setting. What the fifth dimen- 
sion might be, Kaliiza could not say. 
Despite this, the lesult was so remark- 
able that Einstein and many others have 
since woiked on the idea. And in 1930 
the American geometer Oswald Veblen 
discovered that the so-called fifth dimen- 
sion was not a fifth dimension at all but 
a familiar mathematical quantity used by 
geometers in studying what they call the 
projective geoineliy of foui dimensions. 

T he EQUATIONS of Maxwell and 
Einstein were thus successfully 
brought togethei . But the problem of the 
structure of matter and radiation could 
not be solved in terms of the equations 
as they stood. If it was ever to be solved 
along the lines of a field theory— which 
was by no means certain— modifications 
of some sort would have to be intro- 
duced. Accordingly the search was le- 
newed with more ambitious aims. 

For more than 25 years Einstein has de- 
voted his main scientific energies to this 
problem. While the quantum theorists 
are moving ahead in close touch with 
the latest details of nuclear experiment, 
Einstein is attempting to gain an insight 
into the nature of matter and radiation 
by abstract reasoning from a few general 
assumptions. In this he is following the 
heroic mediod that proved so successful 
—in his hands— in the formulation of the 
theory of relativity. Unfortunately there 
are many possible approaches, and since 
each requires a year or more of intensive 
computation, progress has been heart- 
breakingly slow. 

What was once the broad stream of 
relativistic research has shrunk to a slen- 
der rivulet. The quantum theory, so frail 
in 1905 when Einstein first befriended it, 
now dominates physics. It has developed 
a stature comparable to that of the theory 



of relativity, and has pioved to be even 
more iconoclastic. It has coiroded con- 
cepts such as determinism and causality 
that once seemed indispensable to any 
lational science. It has elevated chance 
to a commanding position m scientific 
theory. And it has upset our poweis of 
visualization by leplacmg the former 
conception of a particle by a hybrid 
monstrosity such that when we speak of 
its precise position we are forbidden to 
speak of its motion, while when we think 
of its exact motion we may not regard it 
as possessing position at all. 

While developing his theoiy of lela- 
tivity, Einstein continued to contiibute 
valuable ideas to the burgeoning quan- 
tum theoiy He applied it with signal 
success to the theoiy of specific heats 
He propounded the quantum law of 
photochemical equivalents that goes by 
his name. He gave a new deduction of 
Planck’s radiation formula, inti'oducmg 
important concepts regarding the proc- 
ess of radiation. And he applied de 
Broglie’s ideas to the theory of gases 
when those ideas were still unpioved. 

N evertheless, Einstein is out of 

sympathy with the modem foim of 
the quantum theory. Most theoretical 
physicists, on the other hand, doubt that 
the problem Einstein has set himself is 
aimed m the right direction, since it ap- 
parently avoids the quantum. But it must 
be remembered that in 1905 most theo- 
rists were doubting the very idea of the 
quantum. Einstein’s present views may 
not be fashionable, and the chances of a 
successful outcome of his work may ap- 
pear slim. Yet he has always been a lone- 
ly tliinker, and physicists will not easily 
forget that Einstein is the man who, from 
abstract consideiations of space and time 
alone, was able to deduce the equiv- 
alence of mass and energy without need- 
ing to know the detailed structure of 
either. The quantum theorists them- 
selves are encountering formidable diffi- 
culties of a fundamental nature. The 
time seems ripe for a fmther svnthesis 
tlirough an imaginative stroke of insight 
by an Einstein. , 

The importance of Einstein’s scientific 
ideas does not reside merelv in their 
great success. Equally powerful has been 
their psychological effect At a crucial 
epoch in the history of science Einstein 
demonstrated that long-accepted ideas 
were not in any way sacred And it was 
this more than anything else that freed 
the imaginations of men like Bohr and de 
Broglie and inspired their daring tri- 
umphs in the realm of the quantum. 
Wherever we look, the physics of the 
20th century bears the indelible imprint 
of Einstein’s genius. 


Banesh Hoffmann is associate professor of 
mathematics at Queens College and au- 
thor ofThe Strange Story of die Quantum. 



EV 19S9 Einstein was photographed at home at Princeton, N. J. There he 
gives an occasional lecture at the Institute for Advanced Study. Today his 
activity is limited by his convalescense from a recent surgical operation^ 
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by James R. Newman 

Insight and Outlook, by Arthur Koes- 
tlei\ The Macmillan Company ( $5 00) . 

T he subtitle of Aithur Koestler’s 
latest work is “An Inquuy Into the 
Common Foundations of Science, 
Art and Social Ethics.” It is also de- 
scribed as a “book on the psychology of 
the highei mental functions.” The pub- 
lisher tells us that Koestler spent five 
years reading widely in the fields of 
biolog), neurology^ and psychology” in 
preparing himself to “do foi philosophy 
what Einstein attempted for physics in 
his 'unitary field theory.’ ” I am theie- 
fore somewhat appalled at the task of 
reducing this epic achievement to the 
humdrum prose of the reviewer; but 
if I am to sav anything intelligible 
about what Koestler refers to as “our 
theoiv,” there is no alternative but to be 
bold ^ 

His jumping-off-place is a new tlieory 
of the comic. It is not, in truth, entirely 
new, tis Koestler himself points out, 
since he boirows freely from Henri Beig- 
son {Le Rim), Sigmund Freud (Wit and 
Us Relation to the Unconscious) and 
fiom a number of their predecessors. 
However, the special blend of literarv- 
m edical -philosophical- psychoanalytical- 
biological lingo and the mental-circuit 
diagrams in the book are more or less 
KoestleFs own products; and the ambi- 
tious extension of conclusions derived 
from an analysis of humor to all other 
forms of mental behavior bears his very 
own mark. 

Koestler starts liis long journey to the 
heartland of insight with the aid of a 
number of stories quoted from Freud, 
Bergson and others. They serve to intro- 
duce his “discovery” tliat the “essence of 
the comic is the bisociation of two opera- 
tive fields m a junctional concept which 
is a member of both.” 

The formidable terms used by Koes- 
tler are perhaps best illustrated by means 
of two stories: 

(1) “M. DuPont, an eld^ly notary of 
Clermont-Ferrand, has for years suffered 
from the annoying habits of his derk 
Jules, Retommg home unexpectedly 
from a joraaey,. he finds Jul^ in bed with 
his wife. Mt. DuPont surveys the scene 
' a mouraffd eye and says: Tlxat' 




Arthur Koestler’s “Insight and Outlook” : the novelist 
formulates a philosophy complete ivith circuit diagrams 


enough, Jules' Once more and you are 
fii ed ’ ” 

(2) “A digmtaiy of Monte Carlo is 
much admired for the not less than 36 
medals which he wears on his bieast. 
Somebody asks him by what heroic 
deeds he earned them 'That’s simple,’ he 
says, T got a medal for my faithful sei- 
vice to the prince, I put it on a number at 
the roulette table and the number came 

The ''intellectual geometry” of these 
dioll stones is, according to Koestler, 
quite simple. It consists in soinetliing 
like the diagiams on the opposite page, 
which mean something like this. 

As the tale is told there are “tw-o im- 
1 elated association trains” which sud- 
denly collide with each other at a given 
point Each train is perfectly “logical” 
{i.e , has its “operative field”) and un- 
der noimal cu cuinstances “the stieam of 
consciousness w^ould follow either one 
branch or the other, for the two belong 
to diffeient systems or planes of mental 
organization.” At the collision of these 
tw^o trams, however, a new concept is 
born which “selves twm masters at the 
same time . . it is hisociated with two 
independent and miitiiallv exclusive 
fields.” 

As Koestler’s blueprints plainly prove, 
at the point wheie the two association 
tiuins collide, the joke (a new bisociated 
concept) flashes into being and the 
auditor laughs In M DuPont’s tale one 
thought tram relates to his business 
dealings wnth the unsatisfactory jules, 
and the other train to the familiar com- 
plex consisting m cuckold, wife, para- 
mour, and discovery flagrante delictu. 
The expectation of a violent climax is 
suddenly “debunked” with a plirase 
horn the employer-employee relation- 
ship. 

Each train of a comic event may carry 
a different “emotional charge” (e.g., 
malicious, sexual, scatological) , but it is 
the process of combining habitually in- 
compatible fields of thought that results 
in tlie sudden release of tension and the 
explosion of laughter— assuming, indeed, 
that there is laughter. 

T O EXPLAIN how attention is fo- 
cused on any one field, how the mind 
is disciplined to concentration, Koestler 
proposes the concept of the “selective 
operator.” The operator defines its field 
in the sense that it is a selective law, a 
“rule for manipulating ideas and their 
yerbaj symbols. Operators jnay be sim- 


ple and explicit, as in a parloi game, for 
example, w^here the participants are to 
WTite down within a time limit all the 
towms they can remember beginning 
wTth the letter L. The class of all L 
towns— London, Lisbon, Lvov, etc — 
constitutes the opeiative field, and the 
L-nile is the selective opeiator Opera- 
tois may also be exceedingly complex 
and/or implicit, just as the opeiative field 
may consist, among others, in a code, a 
pattern of behavior, a chessboaid and 
chessmen, a branch of mathematics, a 
musical or plastic art, a literaiy form 

Such IS the technical appaiatus used 
by Koestler in exploimg provinces other 
than the comic Bisociation is the '‘chai- 
acteiistic feature of any original cieative 
process w^hediei in art oi in discoveiv,” 
Since every fresh synthesis entails the 
combination or union of elements m pie- 
vioiisly separate aieas of thought Even 
the diagrams devised to exhibit the 
mechanics of the comic are, accoidmg to 
Koestlei, applicable to the processes of 
higher creativeness. The separate fields 
joined in the creative synthesis are repre- 
sented bv “planes,” and the little strag- 
ghng arrows lepresent separate tiains of 
thought association 

As for the concept of “emotive 
chaige,” it, too, like the “intellectual 
geometry” of the comic, has validity and 
significance in other spheres. In a hii- 
inoious context the “common denomina- 
tor” of the charge is “usually a veiy famt 
impulse of aggiession oi defense mani- 
fested as malice, derision, self-asseition, 
01 ' merely as an absence of sympathy 
wdth the victim of the joke—a 'momen- 
tary anesthesia of the heart/ as Bergson 
puts it.” 

“The passion of laughter,” said the 
English philosopher Thomas Hobbes, “is 
nothing else but sudden glory arising 
from a sudden conception of some 
eminency in ourselves, by comparison 
with tlie infirmity of others, or with our 
own formerly,” From this starting point, 
Koestler develops the argument that the 
production of comic and certain other 
effects depends upon the dominance of 
this aggressive component or “self-as- 
sertive” tendency over the opposite 
tendency of “sympathetic identification” 
or “self-transcendence.” 

The mtegrative or self-transcending 
tendency, manifested with a certain sim- 
ple purity m grief, is, in every human 
activity, in conflict with that of self- 
assertion. Every true act of creation, in 
whatever field, requires an expansion of 



the “range of awaieness beyond the lim- 
its of self, or, conversely, of being awaie 
of the self as part of a higher functional 
whole.” The work of art, the generous 
impulse, the scientific discovery; the 
feeling of tenderness and protectiveness, 
the longing for martyrdom; the processes 
of “identification,” “projection,” “intro- 
jection,” “transference,” “sympatliy” and 
“einpatliy”; the “oceanic” feeling, the 
mysticism and the wisdom of the East, 
the striving of the spike-sittmg Hindu 
and the Hollywood Hindu toward “non- 
attachment”; the sti’uggle to achieve, to 
improve and to extend social wholes— 
each of these, says Koestlei, is evidence 
of tlie self-transcending urge 

W HAT are the biological foundations 
of these tendencies? Koestler rests 
his interpretation on the “twin phenom- 
ena of differentiation and integration, 
which under conditions of sti'ess become 
polarized into the conflicting tendencies 
of self-assertive and integrative behav- 
ior.” A corollaiy function, of almost 
equal impoitance, is that of “regenera- 
tive equilibrium”: an oiganism unable to 
cope with its environmental pioblems, or 
the conflict between its opposing ten- 
dencies, regresses to a lower biological, 
social or psychological level in order to 
start afresh by way of “menfer pour 
mieux sauter’ (to retieat so as to get a 
better start for the jump) . 

Organized social wholes, Koestler con- 
tends, follow this biological pattern, not 
“morphologically,” to be sure, but “func- 
tionally ” Social 01 ganizations simply 
evince the integimtive tendency on a 
higher level, tliough it is essential to 
realize that in the social field contempo- 
rary organizations correspond to faii'ly 
primitive organizations in the biological 
field. Sociologically we must be closer to 
the grub, say, than to anything quite so 
elaborate as a donkey. 

Social wholes tend to giow weaker as 
they are isolated, as they grow too big 
and become unwieldy, as separate parts 
sti'ive for autonomv, as communications 
are obsti'ucted. Each of these circum- 
stances contributes to self-assertiveness 
at the expense of the integrative self- 
ti'anscending powei. Within any given 
society, among individuals at different 




A JOKE is diagrammed by Koestler 
as intersection of fields. Listener 
laughs when narrative meets flash. 


age levels, there aie fmther iliusti*ations 
of bipolarity and conflict. In the process 
of “maturation” a child’s sense of one- 
ness with the emdronment wanes and 
the self-assertive tendencies increase. In 
Western societies of course these tenden- 
cies are encouraged by the sacred slo- 
gans of competition and so on. 

This, in Koestler ’s opinion, sufiices to 
explain the crisis in present civilization. 
It is not, as Freud supposed, the sup- 
pression of man’s destructive or death 
instinct that ails us. It is rather that we 
witness the “atrophy of the integrative 
tendencies in the social whole.” Civiliza- 
tion IS m the condition of a neurotic 
patient. To put civilization on a couch is 
difficult, and one may doubt that there is 
a therapist qualified to tackle the job of 
reintegration. (One may, I assume, dis- 
pense with any leference to the succor 
winch might come from a supernatural 
power. ) 

Koestler pronounces the crisis “pro- 
found” and asserts that it must remain 
so until at least two conditions are ful- 
filled: “The final integration of national 
states into a global whole, and the adap- 
tation of social organization to changes 
m the natural enwronment, that is, to 
the level reached in the technique of the 
exploitation of natural resources.” But 
just as the neurotic may not survi\^e a 
succession of crises because he is too sick 
to begin with, is unable to adjust his al- 
ready unbalanced nervous pattern to 
fresh ciicumstances, or because the de- 
mands upon him may be too numerous 
and %'ehement, so it is unlikely, Koestler 
thinks, that western European civiliza- 
tion “has a sufficient regenerative span to 
survive until it attains this aim.” Exactly 
where this leaves us is not clear. 

S O MUCH for what, despite its length, 
is an extremely sketchy recapitula- 
tion of Koestler s large work. It would 
have been a good deal easier, I am con- 
vinced, to summarize m the same space 
Kant’s Critique, Lotze’s Microcosmos, or 
the writings of Ai'iiold Toynbee. 

Appiu*entlv the seriousness of the sub- 
ject and Koestler’s conviction that tliis 
represents his magnwn opus interfered 
witli his well-knoum verbal dexterity. 
The lesiilt is something to behold. As he 



STREAM of consciousness wanders 
among fields. Reactions to stimuli 
depend on field tuned in at the time. 


himself frankly admits, in trying to 
“strike a precarious balance between the 
claims of the general reader and of the 
specialist” he achieved a work in which 
“verbose passages boring to the scholar 
alternate with others over which the gen- 
eral reader may stumble.” Not only is 
the wTiting affleted with, jaigon and 
painful technical coagulations, but it is 
also e\ident that for fear of being 
thought an amateur m these many dis- 
ciplines, Koestler wTOte as only an ama- 
teur saddled with such a fear would 
write. 

He is invariably long-winded and 
turgid, often imprecise and superficial. 
For example: “The manifold fields or 
schemata of mental operations are selec- 
tive matrices of acquired habits. They 
are, needless to say, not linear claims of 
conditioned reflexes but integrated habit 
patterns of extreme plasticit)' and adapt- 
ability. . . The concomitant increase of 
imaginative inertia and ‘clumsification’ 
deprives the emotive of its lithe adapta- 
bility and supplies the sneer at un- 
orthodox forms of art, . . Art is surprise 
in permanence . . Benvenuto Cellini’s 
golden saltcellai for Francis I is a source 
of aesthetic pie asm e as well as a recepta- 
cle for salt. For— and this is the essential 
point— as it only functions as a receptacle 
of salt for a few seconds during a long 
meal, what is it doing the rest of the 
time?” This latter question has baffled 
me for some yeai's, but I regret to report 
that Koestler, having posed it, fails to 
give an answer. 

What is new and original in these 
many pages? Koestler’s theor}" of the 
comic, to which half the book is dev’Oted, 
IS largely a contiiviince of borrowed 
parts with a new panache. The concepts 
of operativ'e fields, selectiv’e operators, 
junctions and so on, contain no real inno- 
vations. “Bisociation,” for aU of Koes- 
tler’s exertions to pass it off as a profound 
and rev^olutionarv concept, pioposes 
notliing essentially new. Koestler’s theo- 
ries of biology, especially of brain func- 
tion, are naive restatements of certain 
current view^s; as a psychologist he 
adopts the “holistic, or organismic or 
Gestalt approach,” witli a few home- 
made embroideries He stiives to empha- 
size the difference between his theories 



CHANGE in stream of consciousness 
requires a ""junctional concept,’’ In 
the diagram this is between A and B. 
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Story of the 
famous astronomer , . . 

MARIA 

MITCHELL 

The biography of a re- 
markable woman who be- 
came world-famous for 
her disco veiy of the comet 
of 1847. The first astrono- 
my professor at Vassar, 
Maria Mitchell in the 19th 
century suggested hy- 
potheses which are ex- 
traordinarily interesting 
in the light of modern 
knowledge. $4.00 
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ol irustratioii, neuioses and social ills and 
those of Fieud. He avers that his own 
theories aie sustained by “overwhelm- 
ing’' biological evidence; but what he 
adduces by way of pi oof is certainly less 
than overwhelming, though from my 
standpoint Freud’s leductive simplifica- 
tions aie equally unsubstantiated. In 
shoit, Koestlei advances old ideas, but- 
tiessed by cm rent scientific hypotheses, 
many of the most speculative kind, the 
whole loosely bound togethei in a vague, 
grandiose, metaphor-ridden Welt Fhilo- 
Sophie which smells a little of Hegel, 
Speiigler and Freud. 

Wheie Koestler conveys a first irnpies- 
sion of oiiginahty is m his exposition of 
scientific ideas by the use of beguiling 
metaphois and enticing analogies. He 
senses the dangers inherent in this 
method of proof and warns of them, but 
the ingenious teller of tales tiaumphs 
over the amateur philosopher and scien- 
tist. “Similitudes,” said Thomas Fullei, 
“aie the windows which give the best 
light,” but the light of Koestler’s simili- 
tudes is too often deceptive. The humor 
diagrams aie inoffensive so long as it is 
deal that their purpose is only to show 
abstiact lelationships of absti*act classes 
of ideas, Befoie long, however, one is led 
to believe that the separate planes of the 
diagiams have theii physical counter- 
parts in the biam, that each wiggling 
arrow' is a wiggling motion m the hi am 
cells. The very term “cognitive geom- 
etry” is ridiculously misleading if only in 
its implication that mental behavior is 
expiessible in precise mathematical lan- 
guage, koestler’s description is compli- 
cated by the fact that at various times he 
likens the brain to a radio receiver, a 
tuning fork, a high-tension generator, a 
reservoir, a piano, a smooth pond, or a 
pond with ripples. It may be, I suppose, 
that the inside of the head corresponds 
to any or all of these objects, or it may, 
as in C. S. Sherrington’s famous image, 
lesemble a “great ravelled knot” twin- 
kling with the tuiy hglits of thought and 
emotion Yet until the mattei has been 
settled I continue to feel uneasy, for it 
seems to me I have the right to know 
when deciding whether or not to sub- 
scribe to Koestler’s theory how my head 
measures up to a Steinway, a Phtlco or 
a Westinghouse quarter-horsepower mo- 
tor. 

K OESTLER’S extension of the self- 
assertive and self-transcending ten- 
dencies to the “inorganic level” leads to 
other strange conclusions. Thus, “energy 
concentrations,” as in elementary parti- 
cles, and “the formation of molecules, 
crystals, and so on” are not merely exam- 
ples of “structui*ally differentiated inte- 
grated (sic) patterns,” but are “genetic 
precursors” of the two main behavior 
drives. And, “inertia, centrifugal momen- 
tum, free valences and so on” are in the 
sam^ class as a mMicious wittid.sm in 
, evincing ^autonomcus: or self-a^,er|ive 


tendencies ” It would be equally con- 
vincing and equally poitentous— having 
first asserted that all things either gathei 
or disperse, rise or fall, are positively or 
negatively chaiged, male or female, hot 
Ol cold— to deduce the nature of the 
world from any of these antitheses In 
Koestlei’s dream all animals, vegetables, 
minerals and ideas are kin eithei to 
Francis of Assisi oi to the practical jokei 
He says: “The fiist schoolboy to have the 
revolutionaiy idea of sawing through the 
legs of the teacher’s chair was obviously 
a cieative genius His usual methods ot 
satisfying aggiessive impulses against 
other schoolboys . . being inapplicable 
in the teacher’s case, the operative fields 
of habit aie blocked, and a creative 
sti'ess results ” 

It is in Koestler’s analysis of “discov- 
eiy,” i e , the “Euieka process,” that liis 
theory attains full floweiing and its ripest 
absuidily. “Emeka^” it will be recalled, 
was Aichimedes’ ciy as he ran naked 



THOUGHTS of Arclumedes befoie 
his great discovery are hcheniatized 
thus. S rcpiescnls the starting point. 



AFTER DISCOVERY Aiohimccles^ 
mental processes followed this path. 
At point T he exclaimed, "''Eureka!'" 

tlurough the streets of Syracuse, having 
just discoveied, while taking his batli, 
laow to deteimine whether there was an 
admixture of silver in the allegedly pure 
gold crown given to Hiero, the Tyrant, 
by his j'ewelers. The discovery was that 
of the hydrostatic law which states that 
the amount of weight lost by a body 
when immersed in water is equal to the 
weight of the water displaced. Koestler’s 
version of “Archimedes’ reasoning,” 
which makes the greatest scientist of an- 
tiquity appear to be something of a half- 
wit, includes a diagram to show die 
condition of Archimedes’ mind before 
the famous bath. It is shown m the top 
diagram on this page. 

Koesder explains that Archimedes for 
some time failed to connect “the sensu- 


ous and trivial associative contexts of 
taking a hot bath with the scholarly pur- 
suit of the measuiement of solids/’ But 
at last he managed, by self-tianscend- 
ence, to rise above the sensations of 
'‘heat and cold, fatigue and relaxation, 
sex and beauty and so on,” and by a su- 
preme effort wrenched his mind into a 
cusplike condition, portrayed in the bot- 
tom diagram. 

Koestier, apparently having been there 
while the thing was taking place, tells us 
finally that the exact moment of the 
great discovery was when “ArcliSmedes 
saw his familiar hairy body as 'a solid 
which displaces a given amount of wa- 

■ s >» 

ter. 

T he main flaw of the book, apart 
from its occasional sweeps of non- 
sense, its pretentiousness, pseudo pro- 
fundity and non-stop quality, is its steril- 
ity. For all its bulk it says very little, 
because Koestier has very little to say. It 
lacks a real, driving pimciple or insight 
which could lead to fruitful conclusions. 
Despite Koestier ’s repeated denial that 
he advocates a simple dualism of nature, 
he seeks in fact to describe all events and 
substances, organic and inorganic, by a 
tautologous formula of “A or non-A.” 
Nowhere is there a satisfactoiy explana- 
tion, in primitive terms, of the cause of 
either of his “tendencies” or of the mode 
of their evolution. His essay is studded 
with generalities about the nature of 
“cogmtion” but nothing concrete is said 
about how we come to know what we 
think we know. The attempts to formu- 
late a serious, comprehensive theory of 
knowledge— essential to any such ambi- 
tious effort— are of the most jejune kind. 
Indeed, while Koestier pretends to a 
deep penetration of the classic problems 
of philosophy, he fails in fact to address 
himself to any of them. It never seems to 
occur to Koestier that a balanced, thor- 
ough examination of any mental state 
requires what one might call “algebraic” 
more than “geometric” reasoning. Such 
abstract factors as order, probability, in- 
ference, transformation, among others, 
are of com*se at the root of thought 
processes. Koestier mentions none of 
tliem. And as for social and political cir- 
cumstances, it is amusing to note that by 
his own standards Koestier, the reformed 
Communist, has elevated the Sovdet 
Union— insofar as it practices Marxism 
and pursues a rigidly planned economy 
—to a position at the apex of the hierar- 
chy of “social wholes.” For in Russia, 
where the rights of the individual are 
subsumed to the needs of all the toilers, 
“self-transcendence,” in theory at least, 
would seem to have attained its apotheo- 
sis. I should not have thought it was the 
author’s intention to prove this. 

You may find a variety of attractive 
wares in Koestler’s literary, pliilosophic, 
scientific and artistic delicatessen, but if 
you are shoppmg for insight and out- 
look, I suggest you go elsewhere. 


Science for the 

everyday reader 



scientists 



T O keep well informed, don^t miss reading the collection of 
brilliant, accurate, authoritative, concise writings on : 


The Atomic Age 

Science and Our Nation’s Future 

The Human Eye 

The Structural Basis of Life 

The New Geocraphv 

DDT 

Bacteria — Friends or Foes 
The Science of Hearing 
Resistance to Disease 
The Electron Microscope 


Genes, Vitamins and Nutrition 
The Story of lOO-Octane Gas 
The Science of the Indhidnal 
-Micro wa\es 

Acids Which Are Necessary' for Life 
Viruses — Master Parasites 
Penicillin 

Forecasting Earthquakes 

The 2(>0-Inch Camera 

Mathematics and the Laws of Nature 


and sixty^one other illuminating subjects by eighty- 
one of America’s leading scientists, including: 

Iia Sprague Bowen James Hillier Linus Pauling Selnian A Waksman 

Isaiah Bowman Earnest A, Hooton Isidor I. Rabi Hermann Weyl 

Percy Bridgman Irving Langmuir t''ornellus P Rhoads Editi'd by Dr Warren 

Arthur H. Compton James Bernard Harelwaiie Harlow SUapley IVeaz'er, Director, Natural 

Karl Taylor Compton C E K. Mees Elvin Charles Etakmaii Sciences Diznston, The 

Lee Alvin Dubiidge J. Robert Oppenheimer Haiold Clayton Hrey Rockefeller Foundation. 


A limited quantity of a special edition of this popular collection of short talks on the latest 
developments in science are offered while they last for $1.50 each. (The regular bookstore 
edition sells for $3.75.) 

Make sure of your copy — Mail this coupon now. 


Scientific American, Dept* 

24 West 40th St., New York 18, N. Y. 

Check enclosed for □ copies of “The Scientists Speak” @ $1.50 each. 
Name 


Street, 


_Citv and Slate, 


59 



THE MlTEl 


Conducted by Albert G. Ingalls 

N O well-advised amateur starts by 
making so elaborate a telescope 
as the 10-incli reflector shown m 
the illustration on page 61, This is a 
second telescope, designed by an ama- 
teur who had been satisfied to start more 
humbly with the beginner’s six-inch. 
After using it long enough to acquire 
ideas based on actual experience, he 
applied that experience to the design of 
Ills advanced instrument 

Edwin F. Bailey, assistant at the Fels 
Planetarium in Philadelphia, made the 
10- inch min'or, and the late John 
(“Eveiybody’s Friend”) Schaad, fore- 
man of the optical shop at the Frankford 
Arsenal, macle tlie diagonal. The mount- 
ing was designed and made by the own- 
er, D. Robert Yarnall, of the Yarnall- 
Waring Company, Chestnut Hill, Pa., 
manufacturers of power-plant special- 
ties. “There is nothing unusual about the 
design,” Yarnall wites m leply to an 
inquiry, “except peihaps the axes, which 
I made especially heaw because the 
amateur telescopes that I have seen and 
used were inadequate in this respect. 
The hollow shafts are made of seamless 
tubing. A smaller tube was shpped into 
and pinned to a larger tube, then the 
assembly was turned to two-inch outside 
diameter for the smaller size, three-inch 
for the larger. 

“The two yokes in which these shafts 
revolve axe fabricated of 1/4- and 3/8- 
inch steel plate. The tube is held in a 
yoke of 1/4-mch steel plate, and may be 
rotated to tmn the eyepiece to the most 
comfortable position for observation ” 
This use of steel plate for the parts 
of a telescope mounting is so direct a 
method for obtaining a neat and rugged 
mechanism that it perhaps merits the 
special appellation “fabricated steel plate 
construction.” 

The Yarnall telescope is semiportable. 
When not in use it is trundled on hea^y 
casters into a closet near the tap of Yar- 
nall s house. When it is used it is moved 
out of doors to a deck covered with 3/16- 
inch steel plates. These distribute the 
load. Hand-operated screws on the four 
feet of die pedestal are run down to the 
steel plates after the polar axis is pointed 
to the North Star. Its orientation is con- 
veniently checked by a north-south line 
painted on the steel plates. 

Final adjustment of the polar axis to 
the altitude of the pole is made possible 
by a specially designed smaH-angle 


hinge between the sloping top plate of 
the pedestal and the bottom plate of the 
polai-axis yoke The crosswise hinge pm 
at the top, retained m its grooves by a 
small bolt and spring washei, is a lod of 
l/'4-inch biass. A hand screw neai the 
bottom of the yoke member serves to ad- 
just the vertical angle of the hinge, and 
an intermediate pan of sciews holds the 
angle chosen. “This has woiked out very 
satisfactoiily,” Yainall states. 

“The tube,” he continues, “is designed 
so as to rotate easily m the supporting 
yoke, and this too has worked well ” Two 
fixed lengths of Monel metal jack chain, 
attached peimanently to the respective 
ends of the wyes of the tube yoke, pass 
around the tube in two deeply grooved 
biass stiffening rings. At their othei ends 
tliese chains have eyebolts with wing 
nuts, and these tighten against slotted 
faces on the opposite wyes. To rotate the 
tube, the wing nuts aie temporarily loos- 
ened. The tube is built up of six light- 
weight steel T-sections. 

Willie the Yainall telescope has a 10- 
inch mirror, the diametei of its tube is 
a full 12 inches The value of this feature 
has been recognized moie fiequently 
Since it was embodied in Russell W 
Porter’s revision of the Springfield type 
of mounting 12 years ago. It is believed 
by some that its advantage will be seen 
if the mirror is Foucault- tested „in the 
tube. According to amateurs in Chicago, 
a small tube often produces on the mir- 
ror the appearance of having a turned-up 
edge. This is attributed to a layei of cool, 
dense an* adj'acent to tlie metal 

An examination of the telescope and 
an analysis of its blueprint tend to lessen 
the initial impression that it may be hard 
to build. Manv amateurs have access to 
the necessary machine tools. Yarnall, 
who could easily have turned the blue- 
print over to his plant for manufacturing, 
instead made nearly the whole telescope 
in his small shop at home. He did not, 
however, have adequate machinery for 
all the parts “I am much too fond of 
doing work with my own hands,” he 
says, “to share all this pleasure with our 
shop. 

“When the telescope was completed,” 
he continues, “I soon found that mv 
arms were not long enough to reach the 
valve handwheels on the worm drive for 
rotating the axes, so we attached a flexi- 
ble shaft to each worm spindle and then 
added another handwheel on the upper 
end. This convenient extension makes it 
possible easily to operate both axes dur- 
ing observation. 

“One capstan-operated locking screw 
13 ^pphed to each of the axis worm 
^e^is for convenience in major move- 
ments of the telescope tube. To facilitate 



examination and dusting of the miiror a 
covei plate was added to the bottom of 
the tube Although seldom used, it has 
been found a convenience, 

“The telescope has given a gieat deal 
of pleasure to our family and to many 
neighbors m the sun ounding area who 
had never had a chance to look at the 
stars.” 

E LLISON’S condemnation of the diy- 
papei, dry-rouge polishing lap for 
telescope murors, contained in Amateur 
Telescope Making, page 368, three years 
ago led Fathei M. Daisomont of Ostend, 
Belgium, to send this depaitment a 
printed polemic on the viitues of that ill- 
reputed method. From his communica- 
tion the two following paragiaphs are 
abstracted. 

“Reverend Ellison argues that paper 
laps cannot be deformed and that they 
cause scratches My miirois show no 
scratches, and the claim that the paper, 
because of its thickness, reiideis the co- 
incident curves of mirror and tool no 
longer the same i adms by a gross amount 
is eiioneoiis. Calculation shows that the 
difference thereby intioduced is only 
1/ 250,000-inch. The paper, pasted on 
the glass tool, is brushed shaggy with 
bristles and fits after a lew strokes. 

“Polishing on pitch gives good lesults. 
Polishing on paper is at least as good, 
but far simpler, cleaner, more manage- 
able. Foucault made wonderful mirrors 
with this, his method. It can produce 
real gems. As for pitch, send it to the 
devil It wiU then be in its element ” 

In Januai-y, 1947, this department, 
seeking only the facts, published a theo- 
retical refutation of Ellison’s claim that a 
sheet of paper throws rauTor and lap out 
of coincidence by the amounts he indi- 
cated. The amount pioved to be about 
the same as Father Daisomont had 
slated This department then invited him 
to furnish instimctions for the paper lap, 
together witli a small sample of the 
paper he used. These weie received two 
years ago. He wrote, “I send the exact 
description of how we prepaie and use 
paper laps. 

“It is essential to use paper of excel- 
lent quality, pure, without defects, un- 
sized We think well of duplicating pa- 
per 1/10-millimeter thick Make flour 
paste of soft consistency and strain it 
through fine linen to avoid lumps. Clean 
the tool, rub on a light, uniform layer of 
paste Rinse paper in water, remove ex- 
cess water between blotters, lay it at 
once on the tool, and roll out excess 
hquid with hand or roller. With a knife 
tip remove any hard grains in the paper. 

‘When it is dry, cut around it with a 
razor blade, leaving a millimeter to fold 
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down. With an old toothbiush rub the 
paper to raise a light down. With the 
hand put on a very little dry rouge, iini- 
tormly. Remove surplus rouge with a 
toothbrush. The rouge layer should be 
so light that the paper may easily be 
seen. If too thm during work, add a little 
rouge.” 

Copies of these instructions, with little 
samples of the Belgian paper, which a 
New York papei manufacturer has called 
ordinary mimeograph paper, have been 
sent from time to time m the past two 
years to approximately 25 individuals 
and giOLips m the U, S. Most of these de- 
clined to make the test Some of them 
pointed out that m Amateur Telescope 
Making Ellison had already settled the 


matter. However, several did ti*y the pa- 
per lap. 

In July, 1947, John M. Holeman, of 
Richland, Wash., reported. “The paper 
lap IS fast but gave a ‘lemon-peeF fimsh, 
though not so bad a one as a felt lap. 
Under test my mirror, polished four dif- 
feient times, looked like blistered paint 
oi npple glass. The figure is easily con- 
trolled with paper. Turned-down edge 
IS not so bad as with the soft pitch many 
use The diag is great and a lO-minute 
spell of polishing takes a lot out of one. 
After fine emery I polished in half an 
hour. The lap is so fast that it is hard to 
figure with it. 

“Making the lap conform is the chief 
difEculty Despite theory, the paper's 
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thickness oi soinctlimg does distort the 
cuive iind the edge polished fiist. This 
can ])e handled by watching £oi it and 
buffing doivTi the lap with a suede 
leathei wiie brush—at the cost of as 
much work as channeling a pitch lap.’' 

In March, 1948, J. J. Peabody and 
Dale Bufkin, of Elgin, Ill.» reported: 
“We stiongly suspect that 'Daisomont’ is 
Albert Ingalls m disguise! We battled as 
follows With a six-inch /8 mirror we 
tried eight grades of jiaper from .002- to 
.008-inch thick. We polished 180 hours 
on our machine at vaiious speeds and 
undei pressures 0 to 25 pounds, the lap 
eight inches in diametei. Also tiled it 
three houis by hand. Extreme caution 
is needed to avoid sciatches We tiied 
rouge, cerium, Bainesite, In every case, 
gross lemon peel showed under test. On 
a pitch lap this vanished at once. Back 
on the paper lap it reappeared. From 
theory, you admitted Ellisons eiror 
about the fit of curves, but in practice he 
is right, they just don’t fit. Radius of out- 
side zone came out 12 inches longer than 
centi*al zone ” 

W. A. Calder, profevSsor at Agnes Scott 
College, Decatur, Ga., reported' “Tried 
three times to polish, using mimeograph 
papei, Scott tissue, rouge, Barnesite, 
dry, then with kerosene, again with tur- 
pentine. Results inconclusive. I finally 
broke down and put the mirror on a 
pitch lap, which did wonders in a few 
minutes.” 

Rudolph Moiilik, of Cicero, 111., re- 
ported that the paper lap seemed to be 
good when tested on two four-inch con- 
vex surfaces. Howevei, since convex 
shapes cannot be tested by the Foucault 
method, the state of the sui faces could 
not have been studied He attached the 
paper with thin varnish and found that 
it was difficult to keep good contact. He 
polished with Barnesite. 

Shown some of these reports, Fallier 
Daisomont replied in December, 1947: 
“There is certainly something wrong 
widi the work of your American friends.” 
His claims, many of them so emphatic 
and extensive that there is not space to 
repeat them heie (our Daisomont file is 
now an inch thick) , do indeed point to- 
ward the conclusion that somewhere 
tliere is a large discrepancy, especially in 
view of the fact that in one of his 11 let- 
ters he mentioned that he had just pol- 
ished and figui*ed a six-inch /8.5 mkror 
in 10 hours on a dry paper lap and that 
it showed the image of Saturn mry well 
at SSO diameters. 

Therefore this department will pursue 
the discrepancy further. To that end it 
has asked Faflier Daisomont for a little 
of his rouge and enough paper for a lap, 
and will try to follow his instructions 
without the slightest deviation. (It has 
alio sent him Garnet Fines and told him 
diat after their, use^ glass on glass, not 
^nly the large type named by EUis^on 
fc ATMi, but the text type of 

t^uld be mirror^ 


diy, held seven inches below^ the eyes 
and seven inches above the page, also 
that Barnesite, likewise sent, would then 
polish the minor on pitch, its sinful 
disposition atoned foi by speed and its 
fragrant aioma, in two hours ) 

S UDDENLY the images of the stars m 
a telescope on a rooftop m Washing- 
ton, D. C,, began to dance. They moved 
rhythmically for four minutes, then 
stopped. The puzzled telescope ownei 
hurried downstaiis. His wife had been 
beating eggs Only the him red images 
of the stais revealed the resulting micro- 
seisms of the house, hut the telescope 
magnified them exactly as many times 
as it magnified 

Ideally a telescope at the top of a 
building should rest on a solid masonry 
piei descending well into the earth and 
slightly separated from contact with any 
other part of the structure. For most tele- 
scope owners this stiff requirement is 
unrealizable. In defiance of it they erect 
telescopes on rooftops. Often the re- 
sults are satisfactoiy (Ideally telescope 
mirrors should be made in cellar shops 
with uniform temperatures; but many 
made in evil temperatiue conditions 
prove good.) 

Stress analysis of a building should 
reveal how much a telescope will vibrate 
on top of it. A far less complex appioach 
IS to lug the telescope to the loof and 
tiy it theie A collection oi actual expe- 
riences with rooftop obseivatories mav 
also throw valuable light on this question 
of telescope stability. 

The following aie two exti*emes. In 
the first an obseivatory dome was erected 
on top of a tall four-legged structure of 
heavy timbers, diagonally braced. Even 
then the star images danced whenever,^ 
the observer batted an eye. Another 
person, if present, was forced almost to 
hold his breath. The bracing simply did 
not work as expected. In the second 
Russell Porter was asked whether a dog 
rapidly scratching its ear would agitate 
die 200-inch telescope His reply . “Bring 
on your dog.” 

In 1932 this department published a 
desciiption of a dome on top of a large, 
two-story-and-attic frame house, with 
the telescope mounted directly on the 
attic floor. Recently the ownei s, George 
E and John R. PeUiam, of Newark, N. Y., 
were queried about die kind of perform- 
ance it gave The reply was, “We never 
had difficulty with vibration.” 

(A digression to describe the ingen- 
ious method of erecting this dome: Fust 
a hemispheric dome was built inside the 
attic, complete, unattached. Next a cyl- 
indrical dome ring, the vertical sidewall 
of the dome-to-he, was built beside it. 
Finally a hole was sawed through the 
sloping roof, the sawed-out portion was 
removed, the loose dome was pushed 
through this hole and shored, the pre- 
pared doih^ ring was lifted beneath it 
and the gap between it apd flhe f pof was 
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WHICH WILL you HAVE ? 


For some reason, the goose egg stands for 
zero . . . nothing. 

The nest egg, however, stands for a tidy sum 
of money, set aside for your own or your 
children’s future. 

It’s hardly necessary to ask you which you’d 
prefer. 

But it is necessary to ask yourself what you 
are doing to make sure you don't end up with 
a goose egg instead of a nest egg ten years 
from now. 

The simple, easy, and obvious thing to do is 
to buy U, S. Savings Bonds, 

Buy them regularly, automatically, on a 


plan that pays for them out of the month-to- 
month income you make today. 

Millions of Americans have adopted this 
practically painless way to save up a nice nest 
egg for the needs and wants of the future. 

In 10 years they get back $40 for every $30 
invested in U. S. Savings Bonds — bonds as 
safe and solid as the Statue of Liberty. 

There’s a special Savings Bond Plan for you. 
Ask your employer or banker about it today 
. . . and get started now. 

You’ll soon realize that buying U. S. Savings 
Bonds regularly is one of the most important 
and comforting things you ever did! 



is m Savings Bonds 


Contrdfuted by this in cooperation witJi the Magazine Publishers of America as a public service^ 




‘"Madame X’* was the code name, during research and development, 
for an entirely new system of recorded music . . perfected by RCA. 


remar^S/e o/^ X"' 


Now the identity of “Madame X,” 
the tinknown in a long search for 
tone perfection, has been revealed. 
From this quest emeiges a complete- 
ly integrated record-playing system 
—records and automatic player— the 
first to be entirely free of distortion 
to tile trained musical ear . . . 

The research began 11 years ago at 
RCA Laboratories. First, basic factors 
were determined— minimum diameters, 
at different speeds, of the groove spiral 
in the record— beyond which distortion 
would occur; size of stylus to be used; 


desired length of playing time. From 
these came the mathematical answer to 
the record’s speed — turns a minute— 
and to tlie record’s size, only 6% inches 
in diameter. 

With this speed and size, engineers 
could guarantee 514 minutes of distortion- 
free performance, and the finest quality rec- 
ord in RCA Victor historyl 

The record itself is non-breahable 
vinyl plastic, wafer-thin. Yet it platjs as 
long as a conventional 12~incli record. 
The new RCA Victor automatic record 
changer accommodates up to 10 of die 
new records— 1 hour and 40 minutes of 


playing time— and can be attached to 
almost any radio, phonograph, or tele- 
vision combination. 

Not only records are free of surface noise 
and distortion— the record player elimi- 
nates faulty operation, noise, and cumber- 
some size. Records are changed quicldy, 
quietly . . . RCA Victor will continue to 
supply 7S rpm instruments and records. 

This far-reaching advance is one of 
hundreds which have grown from RCA 
research. Such leadership adds value 
beyond price to any product or service 
of RCA and RCA Victor. 
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PRECISION 
INSTRUMENTS FOR 
PRECISION TESTING 




DYNAMOMETERS 

Measure traction, tension, weights 
in field or laboratory — quickly, 
precisely. Only ,040" movement 
for full reading Individually calf> 
brated Nine interchangeable ca- 
pacities, 0-500 lbs. to 0-20.000 lbs. 

PRESSURE GAUGE 

For tight spots Small, fits in palm 
ot your hand Jeweled dial Indi- 
cator on "U" pressure bar gives 
instant readings up to 5,000 lbs. 
Versatile — rugged — lightweight. 

THERMOMETER 

Stainless steel Instant, accurate 
readings Moisture — overheat 
proof. Fahrenheit and Centigrade. 
Variable stem lengths. 4" to 42". 
Dials from I" to 5" Pressure 
proof excess 347& psl. 

UNIVERSAL TESTER 

MODEL L* Specimen testing -l- 
(bs. to l&0,000 psi In seven ranges 
Quick, easy, interchangeable. 
Tests rounds, flats, special shapes; 
any material 

MODEL M. for low range critical 
testing. Ounces — tenths — kilos. 
Calibrated pendulum accuracy to 
'/t of 1%. 


@ WRITE TODAY FOR ILLUS- 
TRATED BUaETINS,IRII TIMSILE STREMGTHCOMPUTER, 
TELLS m SECONDS BREAKING POINT OF MATERIALS* 

W. C DILLON & CO., tNC« 

541 0-Y W. Horrison St., Chicago 44, Illinois 




BLACK LICHT 

ideal for the study of minerals Observe the 

colors of fluorescent materials under the 250 

Watt Purple X Lamp (Black Light). Why do 

white onions fluoresce a pink and the roots a 

snow white? Potatoes fluoresce a milky blue and 

the peelings are wholly negative. These results 

and many more are obtained under the same 

lamp*, Minerals from dif- 

ferent parts of the country riKIIV 

give off different colors 

Seta Black Light for express collect. 

POLAROID 

Experiment with pofarhed light. Get two pieces 
of genuine poUroid that can be used in pho- 
tography, petrology, 

pMcs. chemistry, POST- 

ALNICO 

j^use your friends with magnetic tricks and 
stunts. Study lines of force with these powerful 
A*nico Magnets 

lifts $1 .00 lifts ^0^ lb $1 .50 PA?d’ 

COMPASS 

Famous make pocket compass made of durable metal, 
accurate, easy to read 2" diameter with unbreakable 
eTysw 75^ postpaid. Excellent for Campers, Tele- 
sision Installers, Magnetic Experimenters. 

GYRO-TOP 

Denwimtrates the prittelpte of the gyro-compass. A 
source of entmtainment and scientitlc facts far all 
ages. Gomptete with accessories SI *25 postpaid. 

PORRO-PRISMS 

If Mobettlm,. Seconds, WItl giw 

mcoelkiat spectrum prolec^a in Msnllgbt. 50< each* 

HARRY ROSS 


?D 


^hafi^c fljpd iob<isrofory 

Mfest Byag<hMoy« Ngw Yor* Y, {fc. )f. 



Sirs 

'Trial by Newspaper ’ is an outstand- 
ing job and you are to be congratulated. 
It jToints the way to more analyses of the 
same kind on subjects that are perhaps 
even more crucial to the world, although 
civil rights certainly is a most inipoitant 
one. 

I have a question I would like to ask. 
First, wouldn’t it be highly important m 
measuring the effect ot the pro and con 
statements as you determined them to 
show also the circulation of the news- 
papers^ I am convinced that the effect 
on Dr. Condon of the unfavorable han- 
dling generally was multiplied many 
times over by the far larger circulation 
of those papers that can be consideied 
hostile to him compared with the circu- 
lation of those that might be considered 
sympathetic, and that the survey was 
misleading to that extent. Perhaps the 
total number of statements you worked 
with should have been multiplied before 
you started your peicentage calculation 
by the number of times each statement 
actually appeared in print. 

GEORGE PAMPEL 


New York, N. Y. 

0 The circulations of the two groups 
of newspapers involved in the Con- 
don study were compared in the re- 
port of the Columbia University 
Bureau of Applied Social Reseaich. 


Scientific American. Apnl, 1949; Vol. 180, 
No 4. Published monthiv bv Scientific Arneriran, 
Inc,, Scientific .American Building, 24 West 40th 
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numbers, if any. 
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year, $5; 2 years, $9; 3 years, «12-50- Canada and 
Latin America; 1 year, 2 years, $10; 3 years, 
P4, AH other couptries; 1 year, $8; 2 years, $12; 
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LETTERS 

Circulation, however, was not fac- 
tored into the Bureau’s content 
analysis, because of the difficulty of 
estimating the relative readership of 
news stories in the various news- 
papers. “Reader traffic” studies have 
indicated, for example, that the 
readers of the Times and Herald Tri- 
bune devote more attention to the 
news columns, as distinguished from 
other features in the papers, than do 
the readers of the Daily Neivs and the 
Journal- American, There are also 
differences in the readership of var- 
ious types of news in various newspa- 
pers. The size of circulation is a sig- 
nificant factor in studies of the effects 
of newspaper treatment of news 
stories, hut it is not at present sus- 
ceptible of precise evaluation. 


Siis. 

I have just received your Febiuary 
issue regarding the investigation into 
newspaper reporting ot the case of Di. 
Condon. I have also lead elsewhere 
about the lecommendations of the com- 
mittee of scientists which sponsored the 
study. The study is praiseworthy, and it 
seems to me inevitable that newspapers 
must give way before the cumulative 
pressure of this kind of evidence. 

I am disturbed, however, to note the 
committee’s recommendation that radio, 
television, still and motion picture pho- 
tographers be baired from Congressional 
investigations. These are termed the 
""sensational media of mass communica- 
tion.” No medium of mass communica- 
tion is sensational per se. I am veiy 
dubious about any effort to distinguish 
between those types of communications 
media which convey legitimate and 
necessary information to the public m a 
demociacy and those which are ""sensa- 
tional” and theiefore uiidesiiable. Actu- 
ally a distinction between camera re- 
porting and verbal reporting is most 
artificial. If the American public has a 
stake in Congressional investigations and 
therefore has a right to information 
about the conduct and outcome of those 
investigations, then it has as much right 
to information piesented pictonally as it 
has to printed information. 

The business of creating legal re- 
stramts on the coverage of matters of 
legitimate public interest by whatever 
medium is something that all publishers, 
including yourselves, should be quick to 
oppose. These restrictive measures, 
called up out of an emotional reaction 
over a particular incident, often have 
consequences so far-reaching and so evil 
as to make the initial consideration un- 
important by comparison. I sincerely 
hope that the legislation proposed by the 


committee of scientists is defeated, not 
because I am not in sympathy with any 
effort to improve the quality of news- 
papei cov^eiage, hut because I feel you 
have ovei looked something of veiy grave 
danger m yoiii manner of handling it. 

DWIGHT BENTEL 

Head, Department of Journalism 
San Jose State College 
San Jose, Calif. 


Siis 

, . . ‘‘Trials by newspapei” are nothing 
new, but the w'riters of the aiticle m 
question appioach the case of Dr. Con- 
don from a new point of view with re- 
sults that I hope that the newspapers 
themselves \\dll study carefully I have 
long felt that the coloration and weight- 
ing of the news is a matter of great con- 
cern to the geneial public. 

HAROLD L ICKES 
Whishington, D. C. 


Sirs : » 

"Tiial by Newspaper” is indeed an 
impoitant contiibution to our under- 
standing of how the House Committee 
on Un-American Activities achieves its 
effectiveness as a colorer of public opin- 
ion, I am sure that the article will stimu- 
late imdei standing and^ I hope, action 
to lestnct the powei of e\al which is now 
lodged in that Committee. 

WALTER GELLHORN 

School of Law 
Columbia University 
New York, N. Y. 




NEW throughout, from base, housing, 
and eyepieces to thermometer . . . the 
new Bausch & Lomb ‘‘Abbe-56’* Refrac- 
tometer brings you many new exclusive 
design features . . . for easier, lower cost 

operation for more accurate readings. 

In addition to the four important per- 
formance advantages shown at the right 
there are advanced-design features in the 
telescope system, operating mechanism, 
prism cement, thermometer stand, and 
finish. And, with all these new advance- 
ments . . . there is no premium price tag. 


NEW! Extra, easily in- 
terchangeable prism 
set available. No lost 
time for prism recon- 
ditioning. 


NEW! Inclined, fixed- 
position eyepieces 
mounted close together 
for reading comfort. 


NEW! Streamlined 
housing protects scale 
and its moving parts 
fromdust, dirt, damage. 


NEW! Illuminated, in- 
ternal glass scales (re- 
fractiv eindex^«</ sugar 
percentage). 


Sll'S. 

It is seldom that a brief book review 
wai rants a lebiittal. The leview in your 
February issue of The Universe and Dr 
Einstein seems unfair to the author, 
rcadei and yom selves 

Lincoln Bainett, the author, shows 
promise of becoming an increasingly im- 
portant bridge between the scientist and 
the intelligent pubhe. His superb lepor- 
torial abihty was recognized by Dr, Ein- 
stein, who asked for permission to write 
a foi*eword to the book. 

As your readers are scattered geo- 
graphically so are tlieir mental attain- 
ments. How few in this decade can have 
the embracing wide-field knowledge of 
current development that was possible 
m the years of Wollaston, Henry or 
Frankhn. Don t you honestly think you 
have done a disservice to a very consid- 
ei able portion of yom* readers by steer- 
ing them away from the book? 

KOERT D. BURNHAM 


WRITE for complete information and a demonstration to 
Bausch & Lomb Optical Co.,781-D St. Paul St., Rochester 2,N.Y. 


Bausch & Lomb 

Relractometer 

AMATEUR TELESCOPE MAKING 


Make your own telescope 



Ask for 
detailed information 

[500 pages, 316 Illustrations} 

$5.00 postpaid, domestic^ foreign $5.35 

on these two 
practical books. 

A postal carcl will do. 

# 

Extensive, practical instructions for mak- 
ing excellent telescopes capable of seri- 
ous work. 

SCIENTIFIC AMERICAN 

24 West 40th Street, N. Y. 18, N. Y. 

• 

[650 pages, 361 illustrations) 

$6.00 postpaid, domestic; foreign $6.35 



Advanced 


AMATEUR TELESCOPE MAKING 



Essex, N. Y. 




30 ilP 100 ¥UR$ m 




A PRIL 1899. “From the aii* employed 
m a liquid state for the purpose of 
^ liquefying and fractionally distill- 
ing argon, two other elementary gases 
have been obtained. A preliminary ac- 
count of all these gases has aheady been 
given in the Proceedings of the Royal 
Society under the names of ‘Neon/ or 
new/ ‘Krypton/ or ‘hidden and ‘Metar- 
gon/ and at the meeting of the British 
Association at Bristol, the discovery of 
‘Xenon/ or ‘the sta anger/ was an- 
nounced, The removal of these gases 
from argon has put us in possession of 
pure argon.” 

“Prof. Robert Koch, the celebrated 
bacteriologist, will start some time in 
April for the fropics, at the head of an 
expedition to continue his investigations 
as to the nature and origin of malaria. 
It is hoped that his work will tend to 
mitigate tropical fevers. When he re- 
turned last year from tlie East African 
coast he advanced a theory that, in the 
case of human beings, mosquitoes played 
the part in communicating malaria 
which ticks played in the cattle disease 
known as Texas fever. He had reached 
the conclusion that where there are mos- 
quitoes there is always malaria, and 
where there are no mosquitoes there is 
no malaria. His theory^ is that quinine 
taken at the right moment stops malarial 
fever, not by killing the germs, but by 
arresting their growth, and that a proper 
employment of quinine, \vith the estab- 
lishment of mountain health resorts, 
would rid tropical fever of many of its 
terrors.” 

“At the last meeting of the antliro- 
pological division of the British Society 
of Natural Philosophy, Prof, Flinders 
Petrie gave a very interesting review of 
his investigations during the last five 
years. At different excavations in Koptos, 
Naquedeh, Abydos, and Hieraconpolis, 
relics were found dating back beyond 
the year 4,000 B.C., usually taken as the 
beginning of knoivn history.” 

“The Paris Figaro has announced that 
Dr. Bra has found the microbe of cancer, 
and that tliere is reason to hope that the 
discovery may soon lead to ^ cainm rmre 
of that dread disease. Dr. Bra is modest 
and cautious in his staternents, saying 
that it must be months before a definite 
^ announcement would he posable. Vll^t 


he has succeeded m doing, howevei, is 
to isolate and cultivate a parasite from 
cancerous tumors and to piodiice there- 
from cancer in animals. The parasite is 
fiingus-hke and is certainly the specific 
agent of cancer. Di. Bia has spent some 
foui years in his i esearches on the origin 
of cancer.” 

“The recent experiments of Mai coni 
in telegraphing without wires across the 
English Channel have entuely removed 
his work horn the region of mere expeii- 
ment and established it among the prac- 
tical and extremely useful inventions, 
The mam facts of the lecent test are al- 
ready familiar to our readers and requme 
no reiteration here. In view of the large 
amount of visional y sjieculation that has 
been indulged in by some of the investi- 
gators of wireless telegraphy, there is 
something decidedly refreshing in the 
businesslike methocis and practical re- 
sults which have characterized the woik 
of this brilliant young Italian.” 


A PRIL 1849. “The ship Sea Witch, 
Captain Waterman, which arrived 
^ at this port last week from Canton, 
in tlie unusually short space of 74 days 
and 14 hours, has, it appears, made a 
series of passages on her course out and 
home again, surpa.ssing in quickness any 
previously made by a sailing vessel. 
These passages make a voyage round 
the world, which he has effected in 194 
sailing days. Her runs are as follows- 
69 days from New York to Valparaiso, 
50 days from Callao to China, 75 days 
from China to New York.” 

“We had recently the pleasure of ex- 
amining a small but very ingenious ma- 
chine, recently invented by Mr. Oliver 
T, Eddy, which promises, when pei- 
fected, to be of very great utility. It is an 
insb'ument which will print, with almost 
the perfection of an ordmary printing 
press, a single copy of any document, 
and \vith about the same rapidity as the 
document can be transcribed by a good 
penman. They are played on, as it were, 
striking keys answering to the letters of 
the alphabet, and the response is the in- 
stantaneous impression on the sheet,” 

“Mr. Alfred Smee, of England, has 
announced important discoveries in ani- 
mal electricity. By a test which he terms 
electro voltaic, he has discovered that 
termination of the, sensor nerves are 
; positive poles of a voltaic circuit, whilst 


the miiscuLii substance is the negative 
pole. The sensoi nerves are the tele- 
graphs which cairy the sensation to the 
brain and the motor nerves cany back 
the volition to the muscles. Should these 
leseaiches be fully confirmed by other 
investigators, they must be regarded as 
the most important physiological discov- 
ery of modern times.” 

“Plausible fallacies are being bi ought 
constantly before the public as things 
wonderful, important and new. Exploded 
theories are continually re-iesolving into 
fanciful or promising speculations. At 
the present moment at no gieat distance 
from this city, a perpetual motion has 
has been discovered— a self moving ma- 
chine that is to astonish this before- 
bedarkened planet. The castings are now 
in the machine shop finishing up for the 
final triumph of man s genius, over the 
sneers and doubts and fears of all iinbc- 
lieveis If people would just bear in mind 
that ‘action must be equal and contrary 
to re-action, that every body must perse- 
veie in a state of lest or of unifoim 
motion in a straight line, unless com- 
pelled to change that state by forces im- 
pressed upon it, and that every change 
of motion must be propoitioned to the 
impressed foice,’ we would not hear of 
so many ingenious mistakes committed 
by many men who otherwise possess 
mechanical genius and skill.” 

“The Pans papers announce the de- 
cease of Mr. Moreton, an American, and 
It IS stated that he has made a bequest, 
to the effect that two bundled thousand 
dollars shall be given to any person who 
shall succeed in consti*ucting a machine 
capable of throwing off ten thousand 
copies of a newspaper in an hour!” 

“The Area of the U. States is now 
nearly 4,000,000 square miles, equal to 
the support of 200,000,000 of popula- 
tion, leaving the country then less thickly 
settled than the State of Massachusetts. 
The Continent, when enclovSed in the 
arms of the Union will he equal to the 
support of 500,000,000. The child may 
now be born who will see all this real- 
ized; we are on the eve of mighty events. 
This Continent will yet be under one 
government.” 

“In the year ending on the 1st of 
April 1849, there landed at tliis port, 
New York, two hundred and fom* Aiou- 
sand six hundred and thirty six immi- 
grants.” 


Wing vibration, nimbly controlled, keeps the 
humming bird in flight, enables it to feed ^^■ith- 
out alighting. 

Electric vibration is the essence of telephone 
transmission. Voice, music, pictures, teletype— 
no matter what type of signal — the story is told 
by the frequency and strength of not one, but 
many vibrations. 

Learning how to control electric vibrations to 
pin-point accuracy has been one of the basic jobs 
of Bell Laboratories scientists in their develop- 
ment of the “carrier” art which enables the send- 
ing of many more conversations o\'er existing 


wires. Among their im’entions have been oscil- 
lators, modulators, filters, coaxials, wave-guides, 
and radio lenses. 

Constantly Bell Laboratories scientists disco\’er 
new and better wavs to control and adapt electric 
vibrations by wire or radio to the needs of the tele- 
phone user. Their pioneer work in this field is one 
important reason behind today's clear, dependable 
and economical telephone service. 

BEll TELEPHONE IHBORMORIES 

Exploring and inventing, devising and perfecting, for con- 
tinued improvements and economies in telephone service. 
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BINOCULAR MICROSCOPE 
BST 25/92 

(Interchangeable monocular 
tube ■with draw tube available) 

The ideal instrument for the 
medical profession offering: 

Bail-bearing fine adjustment 
Built-on, ungraduated mechan- 
ical stage 

Quadruple nosepiece 
3 Achromatic Objectives: 

16 mm., 4 mm-, 1/l2th oil 
2 pairs of eyepieces 
Magnifications 60-1 OOOX 




MONOCULAR MICROSCOPE 
CT 25/92 

The preferred student and lah^ 
oratory micioscope featuring: 

Sturdy construction 
Unsurpassed optical perform- 
ance 

Smooth-operating fine ad|ust- 
ment without gears 
Built-on, ungraduated mechan- 
ical stage 

Magnifications 60-1 OOOX 


Write today"^or Catalog Micro— 100 B 
E« LEITZ/ ln€«^ 304 Hudson St., New York 13 , N. Y. 
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THE COVER 


The painting on the cover shows some 
constituents of the International 
Business Machines Corj^oiation’s Se- 
lective Sequence Electionic Calcula- 
tor {page 28) . The twin triode vacu- 
um tube at right center, one of 4,989 
such in the calculator, is used in a 
counting circuit. Its ability to count 

50.000 electiic pulses pei second is 
at the heart of the calculator’s opeia- 
tion. To the right is anothei of the 
12,500 tubes in the machine, a cold- 
cathode, gas-filled voltage regulator. 
At the left is one of the calculator’s 

23.000 electiomagnetic lelays. The 
type shown, approximately a two- 
inch cube in size, is capable of switch- 
ing 12 independent circuits m five 
milliseconds and serves to stabilize 
contiol circuits At the center is one 
of the calculator’s 66 individual tape- 
reading stations, with a continuous 
loop of tape mounted in i ending posi- 
tion. It has been removed from the 
machine to expose the diivmg gears 
and electromagnetically controlled 
clutch. The unit can 'read,” or trans- 
late into electiTcal impulses, 55 roivs 
of punched instiuctions or informa- 
tion pei second. The bottom of the 
loop turns around a free-hanging cyl- 
mdei. The latter is called by the IBM 
engineers a "yo-yo” because of its 
resemblance to the children’s toy 
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What GENERAL ELECTRIC People Are Saying 


T. M. LINVILLE 

Staff Assistant to Manager of Engineering, 
Apparatus Department 

Some Needs: A few technical things 
that industry expects young engi- 
neers to do are as follows. The things 
mentioned are just in the field of 
electrical apparatus; i.e., in only a 
small part of the whole industrial 
field. 

^[Big steam turbines, so far, 
have a top efficiency of 34%. We 
are building one for 37%. In the 
future we must get maybe 45%. 

5 Steam locomotives have a ther- 
mal efficiency of 5% to 10%. We 
want an electric locomotive ’with gas 
turbine, burning coal, Avith an effi- 
ciency of 18% or better. 

^ We want stationary gas turbines 
burning oil or coal with efficiencies 
higher than 30% and bigger than 
the 5000-kw^ unit we are now 
building. 

^i;"%'e want turbo-jet engmes for 
air transportation to drive planes 
faster than the speed of time — to 
leave New York at 6 p.m. and 
arrive at San Francisco at 6 p.m., 
or even to reverse time and arrive 
earlier by the clock than we left New 
York, causing the sun to set in the 
east en route. 

1[W e need heat pumps with motors 
and control for heating commercial 
buildings and homes so that build- 
ings will be totally electric. 

*rWe need atomic power to help 
supply increased electric energy 
from new resources. We need 345- 
kv transmission with stronger trans- 
formers and stronger circuit breakers 
to transport power from isolated hy- 
droelectric and atomic power plants. 
We must have more output from 
turbine and water-driven generating 
units. 

11 We must have new electric 
equipment for manufacturing proc- 
esses to increase production per 
man-hour of labor. The motors we 
make must run faster, they must 
run more automatically, and we 
must produce them with less man- 
power, 

lyWe must have synthetic ma- 
terials to make equipment less 
subject to damage by heat, oil or 
acid, or mechanical and electrical 
stress. 

If you think men already have 
enough wealth, just look around 
and see how much we need better 
housing and more attractive en- 


vironment, to name just two of 
many things. Then reflect that it is 
the men in industry, big and small, 
who are responsible for our in- 
creasingly higher standard of living. 

Rensselaer Polytechnic Institute, 
Troy' N. Y„ 
November 18, 1948 

ir 

H. L. ERLICHER 

Vice President in charge of Purchasing 
and Traffic 

Critical Materials: Man\ critical 
materials, which are in such world- 
wide demand today, should be — 
and I believe will be — selling at con- 
siderably lower prices than at pres- 
ent. High prices in a competitive 
economy have always provided in- 
centives for increased production 
and for increased substitution, which 
in the long run have brought about 
a lowering of those prices. And. we 
can expect those factors to operate 
today. 

1 believe that today’s high prices 
for critical raw materials and fin- 
ished products will he adjusted by 
one or both of two factors: buyer 
resistance and. most important, 
technological improvements and re- 
search. which increase output and 
retluce cost and thus reduce selling 
prices. 

If we have in a certain sense 
taken the cream off the bottle of our 
natural resources, we have by the 
same token only skimmed the sur- 
face. There is a great deal of stiU 
unrevealed wealth beneath the sur- 
face that science and engineers are 
almost daily tinning up for our use. 

Toronto Electrical Club, 
Toronto, Canada, 
November 24, 1948 

★ 

CHARLES E. WILSON 

President, General Electric 

Engineer As Citizen: The issues 
confronting this country are plain, 
the stakes are high, and the degree 
of danger is apparent. The situation 


demands intelligent expression and 
action. It is unsafe for you to del- 
egate the duties of citizenship to 
others because of your preoccupa- 
tion with the slide ride. To withdraw 
into the protective and respectable 
cocoon of your immediate task is to 
assume the spurious mantle of a 
protected class. 

AIEE, Neiv York City, 
February 2, 1949 

★ 

K. II. KINGDON 

Assistant Director, Research Laboratory, 
In charge,Knolls Atomic Power Laboratory 

Ne>v Elements: A nuclear reactor 
may be used for irradiating mate- 
rials so as to produce either new 
elements or materials with greatly 
changed physical properties. . . . 

One might at first sight think, 
then, that here is a method for pro- 
ducing a great variety of substances 
having new properties. This is true, 
hut we must keep very clearly in 
mind that these altered substances 
are going to he extremely expensive. 
For, if the production of these new 
altered substances involves the ab- 
sorption of neutrons in the reactor, 
we have then lost the neutrons as 
far as the possibility of producing 
new fissionable material and power 
from these neutrons is concerned. If 
a new material of this sort is built 
up molecule by molecule by the ab- 
sorption of neutrons, a simple 
calculation shows that the cost of 
this new material per pound is really 
tremendous in terms of the potential 
electric power which was sacrificed 
in using the neutrons to make this 
new material. Such use of the neu- 
trons is obviously justifiable in the 
case of new fissionable materials 
like plutonium and uraiiium-233, 
hut It seems likely at present that 
the industrial use of such artificial!} 
produced or modified substances 
’vvfiU be limited sharply by their very 
high cost, 

"'General Electric Review” 
August, 1948 
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Telephone Voice 
Amplifiers 






High Potency 
Vitamins 


Dime Store Borrettes 




Y OU *phone from coast to coast and 
converse as easily as though you 
were m the same room. The reason, a tiny 
electronic repeater cube that prevents 
voice fading. It works only because a 
high vacuum pump has exhausted air 
from the glass tube to a degree that 
closely approaches perfect vacuum. 

^ Important vitamins for food fortifica- 
tion, pharmaceuticals and doaors’ pre- 
scriptions are available at moderate cost 
because of high vacuum. Distilled under 
high vacuum the extract is purer — can be 
concentrated to high potencies. 


Contrasting sharply to applications in 
the fields of electronics and bio-chemis- 
try IS the use of high vacuum in deposit- 
ing metallic vapors on glass, wood, cloth, 
aper and plastics. Inexpensive but 
eautiful novelty jewelry, ornaments, 
barrettes, etc., are coated inside huge 
chambers from which air has been ex- 
hausted ... a plating process that gives 
better results, cuts costs and permits 
bargain prices to a mass market. 

These examples serve to emphasize the 
scores of different ways DPI high vacuum 
equipment is enabling new products and 


better products to be made at lower 
costs. 

Perhaps high vacuum canwork for you. 
DPI can aid in research, m setting up pilot 
operations, and can advise on engineer- 
ing and building complete installations 
for profitable commercial applications of 
high vacuum. We invite inquiry. 
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TITANIUM DISCOVERED 
Back in 1791 an English clergyman, Wil- 
liam Gregor, who liked to stroll and think 
on the beaches of Cornwall, became curi- 
ous about the black sand he saw there. 
This gentleman of the cloth was also an 
amateur chemist and in this sand he dis- 
covered a new element Almost coinci- 
dentally an Austrian named Heinrich 
Klaproth (also discoverer of uranium and 
zirconium) extracted the same thing from 
rutile and named it 'Titanic Earth” for 
the mythical Titans. Hence our name 
Titanium. 

Thereafter titanium was found in vari- 
ous places including the Ilmen Mountains 
of Russia (ilmenite) but although it is the 
ninth element in order of earthly abun- 
dance, it remained a mere laboratory 
curiosity until 1908. 

TITANIUM OXIDE 
At that time Dr. A. J. Rossi, expert in the 
reduction of metals, mixed titanium oxide 
with salad oil to make a white paint. In 
another 10 years a pure oxide was being 
produced which quickly won success as a 
pigment. Paint, false teeth, face powder, 
tires,^ shoes, glassware, textiles, inks, 
plastics, paper consumed an increasing 
tonnage of titanium oxide but still the 
pure metal was beyond industry’s reach. 


TITANIUM METAL & 
NATIONAL RESEARCH 
Titanium is an affectionate metal, over 
fond of oxygen and nitrogen when at high 
temperatures Even a fraction of a per 
cent of either makes titanium of little 
value as a structural material/ Until re- 
cently there was no means of preparing 
titanium metal in a form sufficiently free 
of these elements to indicate any po- 
tential commercial value. Dr. W. J. Kroll 
of the Bureau of Mines has initiated 
many of the recent developments in ti- 
tanium metallurgy by finding a means of 
preparing powdered titanium metal. 

Only by exclusion of these gases can it 
be kept from embrittling combinations 
and when Remington Arms Company, a 
Du Pont subsidiary, laid its plans to 
produce metallic titanium in cast and 
rolled shapes, they knew that at Na- 
tional Research Corporation they could 
find the knowledge of vacuum technique 
that they needed. 

The melting and casting of titanium 
was a natural for National Research We 
planned the process, designed the equip- 
ment and installed it. Today this Na- 
tional Research Corporation pilot equip- 
ment is handling the highest quality of 
commercial metal — not much compared 
with aluminum — nothing at all com- 


pared with steel - but so promising that 
millions will be spent by the industry 
within a few years to increase the 
quantity and lower the price. 

USES OF TITANIUM METAL 
Titanium stands fourth in abundance 
among the structural metals and there 
is plenty in the USA. Tremendous 
strength, light weight, and remarkable 
corrosion resistance (comparable only to 
that of the noble metals) is a unique com- 
bination. Coming at a time when long- 
sighted people are viewing our metallic 
resources with alarm, it has an assured 
future With the price pulled down to a 
few dollars a pound or less, titanium will 
be of primary importance to manu- 
facturers of aircraft, automobiles, electric 
devices, gas turbines, superchargers, ma- 
rine hardware, rockets, optics, jewelry. 

WHAT next:? 

So, with the help of National Research’s 
high vacuum know-how, another ma- 
terial has been taken from the test tube 
to the factory Where else can good men 
and ideas help — where can they help 
you? At National Research the best in 
brains, organization, equipment, and an 
unequalled accumulation of unique ex- 
perience are available. 
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SOCIAL MEDICINE 

The causes of disease are not entirely physical 
and biological. This relatively new discipline 
is presently exploring the sociological factors 

by Brock Chisholm 

I N OUR ever-changing social order must be tackled not only from the strictly not merely the absence of disease or in- 
medtcine has assumed a new mean- medical but also fiom the sociological 

ing and a new place dm mg tlie point of view. Although medicine is ''The enjoyment of the highest attain- 
e ventful past few decades. New con- moie than 5,000 years old, and modern able standard of health is one of tlie 
cepts and new tasks, emerging as the re- science about 150, it is only during the fundamental rights of e\eiy human be- 
sult of a 3,000-year evolution, have com- past 50 years that this idea has gamed mg without distinction of race, religion, 
billed to create what is known today as ground. Today there are few people who political belief, economic oi social con- 
social medicine would deny that health is a fundamental dition. 

Social medicine, which is not to be human light foi everyone. The commu- 'The health of all peoples is funda- 
confused with the system called social- mty, therefore, should be obliged to af- mental to the attainment of peace and 
ized medicine, is a philosophy and a ford to all its members health protection securiU’ and is dependent upon the full- 
science With tlie gieatly increased as complete as possible. est cooperation of individuals and States, 

au'areness of the relative impoitance of These facts have received formal rec- “Unequal development in different 
preventive as compared with cm:ative ogmtion fi om no fewer than 64 nations countries m the promotion of health and 
medicine, it is now generally recognized That is the number of counti'ies wliich control of disease, especially communica* 
that causes of disease are not to belfound signed the constitution of the World ble disease, is a common danger.^ 
simply in physical and biological factors. Health Oiganization three years ago at “Healthy development of the child is^ 
Economic and social conditions increas- New York,"^and in doing so promulgated of basic importance; the abilit)^ to live 
ingh are seen to play an important part the following principles: harmoniously in a changing total envi- 

111 ^ health problems. This being so, it “Health is a state of complete physi- ronment is essential. . . . 
v’ould appear that the problem of healtli cal, mental and social well-being, and “Governments have a responsibilit)- 



FIRST WORLD HEALTH ASSEMBLY met at Geneva ganization as a- permanent agency of tlie UN. WHO’s 
in June of last year to constitute the World Health Or- charter enunciates the principles of social medicine. 
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PLAGUE, which once ravaged Europe, has largely dis- is still a prolilem, however, in all ])ackward areas. Vcrti- 
appeared wdth Continent*’s rise in standard of living. It cal lines represent liionan plague; horizontal lines, syh 
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YELLOW FEYER, like pla^e? is most prevalent in 
areas that have a low standard of living Darkest shading 


shows areas where yellow fever is a current problem. 
Lighter shading indicates endemic areas. Lightest shad- 






vatic plague. The latter is l)orne by 
wild animals which infect humans. 



ing shows areas where vectors of dis- 
ease are common but disease is not. 


for the health of their peoples which can 
be fulfilled onlv bv the provision of ade- 
quate health and social measures 

Medicine always has borrowed knowl- 
edge and methods from its sister sci- 
ences. first from physics, chemistry and 
mathematics; later from biology, para- 
sitology, bacteriology. With the advent 
of psychology and the social sciences, a 
larger field of inv’estigation and applica- 
tion came into being. Social medicine 
today has as its concern what we might 
call “total man” m relation to his enviion- 
ment Thus social medicine includes not 
only clinical medicine and public health 
medicine but also social hygiene, indus- 
trial hygiene, mental health, medical re- 
habilitation, and so on. Furthermore its 
accent always is more on prevention than 
on cure. Every new development in the 
improvement of hvmg conditions means 
an advance for social medicine. It em- 
braces in its broad goals the improve- 
ment of hospitals and hospital services, 
the raising of standards of nursing and of 
nurses’ working conditions, improve- 
ment of public health services, estabHsh- 
ment of social security systems, promul- 
gation of labor legislation, development 
of the social sciences, and the progress of 
economic organization in general. 

Scientific progress brmgs new efficien- 
cy to medicine, and social progress de- 
mands that these benefits should be 
made available to the whole population. 
The World Health Organization has 
been created in order to help extend 
such pro gi ess to all mankind. 

I F WE look at today’s world we find 
that technology has outrun social or- 
ganization in every’ field of human en- 
deavor. Science has developed more 
quickly than has society’’s adjustment to 
the new conditions that science has cre- 
ated. This phenomenon lies at the root 
of a great many of oim present problems. 
Although humanity now^ has the techni- 
cal “know-how” to produce all the food 
the people of the world could consume, 
more than half the population of the 
globe still suffers from malnutrition, if 
not outright starvation. We possess the 
technical means for making all the goods 
that the world's people need for decent 
living. Ne\’ertheless, millions still exist 
on subminimum standards, and poverty 
remains the overwhelming curse of man- 
kind. We have created astounding new 
transportation and communication faci- 
lities that have shrunk the globe to a 
small fraction of its former size. But we 
have still to develop enough mature peo- 
ple in enough places to be able to create 
a social organization that could permit 
the peoples of the world to live and work 
together effectively and peacefully. 

What is true for the world at large is 
also true for medicine. Here, too, tech- 
nology has outstripped social organiza- 
tion. Medicine has infinitely more to ^ve 
to the people of the world than they 


actually get We have the knowledge 
necessaiy^ to wipe out utterly a great 
variety of diseases, but these diseases are 
still among us on a very large scale. True, 
we have succeeded in overcoming cer- 
tain diseases in the economically ad- 
vanced countries, but we stall have them 
and continue to breed them in econom- 
ically backward regions where they re- 
main a constant menace to all. 

It has been sIiovmi that the advent of 
soap and its widespread use is very 
largely responsible for the fact that Eu- 
rope has been rid of plague since the 
17th century Many other pestilences 
have disappeared from Western coun- 
ti'ies. The public and even doctors now 
consider plague, cholera, malaria, the 
vaiious forms of dysentery, hookworm 
and leprosy largely as “tropical” or “sub- 
tropical” diseases Yet many of these dis- 
eases occurred widely m Europe and in 
the U S. when poverty, dirt, malnutri- 
tion, Ignorance and neglect of sanitaiy 
needs were the common lot of most of 
the population. 

To tliree quarters of the world tliese 
great scourges aie still an evei -present 
threat. NearK all of them are essentially 
“social” diseases. They are linked to al- 
terable social factors rather than to cli- 
mate, as the terms “tropical” or “sub- 
tropical” would imply. Because they still 
affect so many people in the world and 
because the means exist to combat many 
of them effectively, they are high on tlie 
list of diseases that WHO has chosen to 
combat fiist 

But what about our modern diseases 
“the disorders which toda)’ are endemic 
in the Western world? Europe and coun- 
tries such as the U. S. no\v have new 
“social” diseases which, like the plagues 
of the Middle Ages, will he identified by 
future historians with our era. Among 
tlie chronic illnesses now widely preva- 
lent in technically advanced countries 
are peptic ulcers, cai'dio vascular dis- 
eases, cancer, the chronic rheumatic 
diseases, neuioses, and diseases resulting 
from accidental injuries. Now, as in the 
past, diseases and death sho^^^ a strong 
preference for the economically under- 
privileged, and health statistics prove 
the existence of a veritable Almanack de 
Gotha of diseases. 

Morbidity and mortality rates all point 
to a progressive increase of acute and 
chronic diseases down the social and 
economic scale. In particular, the death 
rate from pulmonary tuberculosis, or the 
general infant mortality rate, is now 
everywhere accepted as a sensitive index 
to the social state of a community. In the 
United Kingdom, where analyses of oc- 
cupational mortality are published at 
10-year intervals by the Begistrar-Gen- 
eraTs Office, some very revealing facts 
have come to light. In these surveys the 
population from 20 to 65 years of age is 
divided into five main social classes or 
groups. Group I includes the profit- 
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sional classes. Group III compiises 
skilled workers. Group unskilled 
workers. Groups II and IV covei inter- 
mediate types of employment Obviously 
a disease whose incidence inci eases pio- 
gressivelv horn Group I to Group V is 
social in chai\acter The diseases that 
show such a progression include tubei- 
cnlosis; syphilis, cancer of the upper 
ahmentar}' tiact, of the larynx and of tlie 
skin, valvulai heait disease (mainly due 
to iheumatic fever); myocarditis, arte- 
riosclerosis, bronchitis, asthma, pneumo- 
nia, pleurisy, hernia, industrial diseases. 

On the other hand, there is a gioup 
of diseases that shows progressively de- 
creasing importance down the social 
ladder. Among these are angina pectoris, 
appendicitis, diabetes, cancel of the 
breast and ovary. It would thus be pos- 
sible to classify the 'hvell-to-do diseases/' 
as opposed to the “poor man's diseases.'" 
The latter are generally far more deadly. 
Still a third group includes illnesses com- 
mon to all social gi’Oiips; they might be 
called “egalitaiaan/" 

T he inequality of the social stra- 
ta m regaid to disease and death is 
linked with factors which act either sepa- 
rately or together to produce die differ- 
ences in vulnerability to disease. Among 
the so-called working classes the first of 
these factors is occupational exposure, 
which is reflected in the frequency of 
heniias and other diseases, due largely 
to accidental injury m hea\y physical 
woik, and in tlie incidence of skin can- 
cer, which IS favored by exposure to 
dusts, harmful liquids, filtli, and so on. 
The second factor of importance has to 
do with the greater dangers that many 
common diseases bring to persons in the 
economically less fortunate groups. 
Whooping cough, for example, strikes as 
many cluldren of well-to-do families as 
of poor ones. But the mortality from 
whooping cough is highei among the 
poor because of lower physical resist- 
ance, ovei crowding, poor sanitary con- 
ditions, inadequate care and nursing, 
and infection at earlier ages. 

Studies in social anthropometry have 
also demonstrated the influence of hous- 
ing conditions, nutrition, economic re- 
sources and similar factors on such things 
as height, weight, gi'owth and strength. 
In general there is no class inequality in 
size and strength among infants at birth, 
except m extreme cases. Within three 
months after a child is born, however, 
unfavorable social foctors already have 
begun to show their effects in slowing 
up normal growtli. In Norway, where 
children in private schools were com- 
pared with i^ose in public schools, the 
group differences in height and weight 
averaged from six to 10 pa* cent 

Parallel to this physical inequality due 
to environinental factors p^chplogists 
have discovered intellectual differences 
that would appear to be due to siniflar 
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causes The findings of social psycholo- 
gy— which concerns itself with such in- 
fluences as lehgion, education, family, 
professional oi social milieu, unemploy- 
ment, poverty and illness—concur with 
those of social anthropometry. On an 
average, the further down the social and 
economic scale one goes, the lowei the 
level of intellectual activity. While it 
must be lecognized that part of this “ef- 
fect is undoubtedly cause, theie is a 
great deal of evidence showing that 
lower intellectual activity can be and 
often is a direct result of milieu and liv- 
ing conditions. It would appear quite 
clear that mental growth, like physical 
giowth, can be checked oi stimulated by 
social conditions. 

These and other related tacts find 
daily confirmation in psychosomatic 
medicine, which m the treatment and 
prevention of disease concerns itself with 
both psychological and physiological 
factors and with functional as well as 
with organic symptoms 

Surveys in various countries on the 
incidence of mental disoiders show sig- 
nificant differences in the nature and 
importance of these illnesses according 
to social sUatification. In Chicago, in 
jMunich, m England, it has been clemon- 
stiated that the rate of manic-depiessive 
illness is higher among the economically 
moie successful groups of the commu- 
nity than among the less successful. Oc- 
cupational surveys indicate a relatively 
Irigli number of hysteria cases among 
business men, of psychopathic personali- 
ty difficulties among student- artists, and 
of manic-depressives among the profes- 
sional groups. 

I T IS not yet possible to determine to 
what extent social and economic fac- 
tors may be the cause of these particular 
differences. Heie cause and effect cannot 
easily be untangled. It may veiy well be 
that these fonns of mental aberration oi 
tendencies toward them do not represent 
the effect of environment but are rather 
themselves a very important cause in 
determinmg what type of activity an in- 
dividual engages m, bow successful he 
is at this activity, and therefore what his 
economic status and over- all environ- 
ment may become. For example, the 
manic-depressive in the earlier half of 
his life typically has enormous drive, 
energy and ambition, which very often 
lead to success in business. Or, to take 
another example, tire person with psy- 
chopathic tendencies is far more likely 
to become a student-artist than to go into 
the more disciplined channels of en- 
deavor. The professional classes tend to 
be composed oT people who are driven 
by emotional imbalance, social con- 
science, ambition, highly active or even 
overactive intelligence. They may show 
later overt symptoms of imbalance, not 
as a result of their occupations but be- 
cause these very tendencies detepnined 


the couise ol then lives m the fiisl place. 

Thus undoubtedly theie is a leal coi- 
1 elation between economic status and 
mental health, or the lack ol it. Further 
studies on a huge scale will be necessaiy 
befoie anyone can identify clearly the 
caiise-and-effect relationship. For the 
moment it is enough to know that such 
a lelationship does exist. 

In this situation, where social and 
economic factors are lecognized as play- 
ing an extremely impoitant role m the 
health of the peoples of the world, social 
medicine in the bioadest sense must in- 
creasingly be applied. Many of the tech- 
niques of social medicine weie employed 
tor the fiist time on a large scale dining 
the recent wai Selective tests, for exam- 
ple, weie used extensively in the re- 
el uitment of industiial manpower and 
aimed foices personnel. Among othei 
techniques applied were the rehabilita- 
tion of the wounded, the injured and the 
handicapped; the rational distribution of 
foodstuffs, the strengthening of health 
services with special emphasis on woik- 
ers, expectant mothers and children; the 
extension of preventive and cuiative 
medical services, the development of so- 
cial security systems. As a result, in the 
U. S. such significant indexes as infant 
mortality and tuberculosis mortality de- 
creased notably, while at the same time 
the birth rate was incTea.smg, In Eng- 
land, despite widespread destruction, 
lestrictioiis, disiiiptioii of lamilies, con- 
stant tension and near-total mobilization, 
the general death late after an initial 
upward swing showed an early decrease. 
The same was tiue of infant mortality, 
which soon was lowei than in peacetime. 

Meanwhile, occupied countries, al- 
though spared major epidemics such as 
were rife in Europe after the First World 
War, showed increased infant mortality 
and tubeiculosis mortality, increased 
veneieal disease rates and large-scale 
malnutrition. This was a sticking demon- 
sti'ation that public health measuies had 
succeeded in the fight against the old 
epidemic diseases, whereas the social 
diseases had followed closely the level 
ol living conditions. 

All these facts have conti’ibuted to in- 
creasing international recognition of the 
concepts of social medicine. The gradual 
realization of the potentialities of the 
scientific and social techniques available 
to national health administrations— 
linked with the growing sense of the 
community's responsibilities toward the 
underprivileged— have led to the broad 
social and humanitarian viewpoint em- 
bodied in the constitution of the World 
Health Organization. 

Brock Chisholm, the 
noted Canadian psychia- 
trist, is presently Director 
General of the World 
Health Organization^ 
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MEDIAN MONTHLY RENT for tlie inhabitants of the 
various parts of Manhattan Island is indicated in this 
map. Low-rent areas are Central Harlem, East Harlem, 
Lower East Side and Lower West Side. Kip's Bay-Y"ork- 
%'ille area, in spite of relatively low median rent, in- 
cludes one of Manhattan’s high-rent districts. Blank 
spot in center of map is uninhabited Central Park. 


DEATHS FROM TUBERCULOSIS, figured on the 
basis of the average rate per 100,000 people per year, are 
roughly correlated with rent. The highest triherciilosis 
death rates, and the lowest median rents, are found in 
Central Harlem, East Harlem, Lower East Side and 
Lower West Side. The high death rate of Central Har- 
lem is complicated by the density of population there. 
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ANTIMONY 
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CADMIUM 


CALCIUM 
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THE AEC’S 
ISOTOPES 

Presenting a complete list of 
the unclear species availal3le 
for the researches of peace 


I N FEBRUARY this magazine published an article entitled 
“Tracers” which described the application of the nuclear 
species of atoms, or isotopes, to biological lesearch. The 
advance of this method has been in large part due to the 
increasing at^ailabihtv* of isotojries, notably as a by-product 
of the development and manufactm*e of atomic bombs. 

In February the U. S. Atomic Energ\’ Commission an- 
nounced that all of the radioactive isotopes it had formerly 
made available at cost would now be given fiee to qualified 
cancer inv^estigators On the opposite page is a complete table 
of the AEC’s radioactive isotopes, compiled with the help of 
its Isotope Division at Oak Ridge, Tenn. On this page is a 
hst of non-radioactive, or stable, isotopes which also may be 
obtained from tlie AEG. 

With each of the radioisotopes is a brief tabulation of its 
significant characteristics The shorthand in winch these are 
customarily WTitten may be translated from the legend below. 
Some U^pical applications are also given Many of the isotopes 
obviously have moie than one application. Among the most 
useful are the isotopes carbon 14, phosphorus 32 and sulfur 
35, so common irre these three elements through the entire 
range of chemical reactions 

The application of isotopes is not limited to biological 
research. To name but a few other fruitful uses, isotopes have 
been of service in metallurgical and chemical research and in 
the study of the fundamental properties of matter. Isotopes 
have furthermore been applied in medicine. Some are useful 
in diagnosis, others m ti*eatment. Radioactive phosphorus has 
been helpful in the treatment of the diseases polycythemia 
vera and chronic leukemia. Radioactive cobalt is a good sub- 
stitute for radium in the radiation therapy of tumors. In brief, 
the most useful products that the Atomic Age has yielded thus 
far to man are the isotopes. 


HALF-LIFE 

TYPE OF RADIATION , 

m: MINUTES 

A: ALPHA PARTICLE 

fi: HOURS 

B-; NEGATIVE BETA PARTICLE 

d*. DAYS 

B + : POSITIVE BETA PARTICLE 

y; YEARS 

C; GAMMA RAY 


e-; INTERNAL CONVERSION (GAMMA 


RAY EJECTS ELECTRON FROM THE 
ATOM) 

m ISOMERIC TRANSITION (NUCLEUS 
CHANGES FROM MORE TO LESS EN- 
ERGETIC STATE WITH EMISSION OF 
A GAMMA OR X-RAY) 

K: K-ELECTRON CAPTURE (NUCLEUS 
CAPTURES AN ELECTRON FROM 
INNERMOST SHELL OF THE ATOM) 
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AUREOMYCIN 


Far more versatile than penicillin or streptomycin, the 
new antibiotic has already been found effective against 
an astonishing variety of bacterial and viral diseases 


T he performance of any new 

drug must be considered with re- 
serve. The greater its promise, the 
more careful should be the evaluation of 
Its results. Tliis warning is a necessary 
preface to the following account of the 
clinical results achieved to date with a 
very spectacular pei former —the anti- 
biotic aureomycin. Introduced to medi- 
cine less than a year ago, ^t has now 
been tested in a great vmiety of infec- 
tions by investigators in more than a 
score of hospitals. Taken aU together, 
their reports indicate that even among 
the dramatic antibiotics aureomycin is 
unusual. It appears to attack a wider 
spectrum of diseases tlian any other drug 
yet discovered. Unlike the antibiotics 
penicillin and streptomycin, aureomycin 
has so far shown no sign of producing 
resistance among the bacteria it attacks, 
hlost remarkable is the fact that it has 
been successful against certain vnus and 
rickettsial diseases that have hitherto 
been invnilneiable to any other chemo- 
therapy. 

In its clinical tests aureomycin has 
proved effective against many infections 
that had failed to respond or had become 
resistant to the sulfonamides, penicillin 
and streptomycin. It destroys botli 
Gram-positive and Gram-negative bac- 
teria ( so named on the basis of whether 
they hold or fail to hold Gram’s stain 
when prepai'ed for microscopic exam- 
ination) . Aureomycin has shown notable 
activity against such bacterial diseases as 
acute undulant fever, peritonitis, unnary- 
tract infections, gonorrhea and the pneu- 
mococcal pneumonias. It has given ex- 
ceptionally fine results in rickettsial dis- 
eases such as Rocky Mountain spotted 
fever, typhus and Q-fever (named for 
Queensland, Australia, where it was first 
discovered) . The viral diseases that have 
responded to aureomycin are primary 
atypical pneumonia and a parbcularly 
recalcitrant venereal disease known as 
lymphogranuloma venereum. The latter 
was one of the earliest diseases treated 
with aureomycin, and the results were so 
successful that the investigators con- 
cluded: here for the first time is a cure 
for a virus disease in human beings. 

The action of aure^niycin is diam^t 
The following is a typical case: A 



by Leu and Dora S. Rane 

year-old boy at camp began to feel ill 
eight days aftei his arrival. He com- 
plained of a headache and had a tem- 
perature of 102 degrees Fahrenheit. He 
was ti*eated with sulfadiazine without 
effect. His temperature rose to 104 F., 
a rash appeared on his hands and feet 
and spread to his chest. He was taken 
to the hospital, acutely ill, on the fomth 
day, and his illness was diagnosed as 
the tick-borne disease Rocky Mountain 
spotted fever. This diagnosis was sup- 
ported by the fact that his sister was 
suffering from the same disease and the 
boy lemembered that lie had lemoved 
several ticks from his body two days 
before coming to camp. The diagnosis of 



THE MOLD Strepto77iyces aureofa- 
ciens^ which yielded the antibiotic, is 
here shown growing in laboratory. 


the disease was later confirmed by lab- 
oratory tests. 

Patients with Rocky Mountain spotted 
fever generally run a liigh fever for two 
to three weeks; if untreated, the disease 
is fatal in about 10 per cent of the cases, 
and complications develop in about 25 
per cent. In this case aureomycin thera- 
py was started immediately upon diag- 
nosis of the disease. In 24 hours the boy’s 
temperature began to drop; in 48 hours 
It was normal On the fourth day of treat- 
ment his rash disappeared. Treatment 
stopped on the fifth day^ and on the 
sfwen^ foe pgti^t vyas fh from 



the hospital with no lemainmg traces of 
the disease. 

The mode of action ol ameom^cm is 
as yet completely unknow’n. While it is 
being given, the pieseiice oi the drug 
can be demonstrated in the patient^s 
blood and urine; it is found in the urine 
moie than 48 hours alter treatment has 
slopped, even though it cannot then be 
shown in the blood. In tlie doses usually 
given— horn one to four grains a day— it 
is not to.xic to human beings. It is some- 
what unstable in a vaiter solution, but in 
the dried powder form it keeps inde- 
finitely at normal tempeiatnros. Not the 
least convenient of its properties is tliat 
lor most diseases it can be taken effec- 
tively in capsule foim mstc\id of by in- 
jection, so that patients need not be hos- 
pitalized lor treatment. 

Aureomycin is derived Irom a mold 
belonging to the aetinomycete group— 
the same family that produced strepto- 
mycin. The mold was discovered by the 
mycologist B. M, Diiggar, a member ol 
the research unit organized by Y. Suhha- 
Row, the late, brilliant biochemist, in the 
Lederle Laboratories, a division ol the 
American Cyanamid Company, at Pearl 
River, N. Y. The discovery was not an 
accident. It was the result of a long, 
deliberate search for new antibiotics m 
which Dr. Diiggar tested thousands of 
strains of actmomycetes, isolated from 
samples of soil collected from many parts 
of the world. Tlie most active oi these 
many strains was one first known as 
A-377 and eventually named Strepfo- 
mtjees aureofaciens. The crystalline sub- 
stance possessing antibiotic activity that 
was isolated from the culture medium in 
which the mold was grown was called 
aureomycin because of its golden color, 
not, as a London newspaper later said, 
“because it can be given l^y tlie mouth.” 

Aureomycin performed brilliantly 
against organisms in glass dishes, but 
seme of its early tests in experimental 
animals were disappointing. Investiea- 
tors of the U. S. Food and Drug Ad- 
ministration, who made some of the first 
experiments, concluded: “No outstan^*"' 
ing usefulness for this antibiotic has been 
demonstrated by our animal investiga- 
tions against foe bacteria studied* The 
greatest promise for tlie drug lies in the 



COMPARATIVE TEST of molds against Staphylococ^ 
cus aureus bacterium in Petri dishes shows the powerful 
activity of aureomycin. Effect of mold [center of dish) 


is measured by cleared area around it, representing 
killed bacteria. From left to right alcove are molds of 
penicillin, streptomycin and aureomycin, respectively. 


tests it proved much less active than streptomycin. 
This test underlines the fact that an experimental drufi 
does not always behave the same in vivo as in vitro, 


TUBERCULOSIS BACILLUS is subjected to same test 
with the three molds in this series. On glass, aureomycin 
seemed most active against tuberculosis, but in clinical 


greatest activity. The organism is affected by penicillin 
[left) but apparently immune to streptomycin (center) . 
These tests were made at the Lederle Laboratories. 


SALMONELLA BACILLUS parasitic organism that 
causes food poisoning and other infections, is attacked 
by the same three molds. Aureomycin again shows the 
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CLINICAL CHARTS of patients show the dramatic re- 
sults of aureomycin treatments. These four patients had 
pneumococcal pneumonia and were treated with vary- 
ing amounts of the antibiotic by mouth. Their lecovery 


is demonstrated by the rapid drop of L(‘inpcralurc to 
normal and the quick clearing of llie infected areas in 
I heir lungs. Tlie aureoiiiyein doses liei’C ranged from 
three quarters of a gram to two full grams per day. 
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VIRUS TYPE of pnetimoiiia Imown as primary atypical 
pneumonia also responds tapidly to Aureomycin treat- 
ments, In these two cases, the patients had been treat€^ 
first with penicillin,^ hnt after an initial dcop in temp era* 
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ture their fever returned. Aureomycin finally eliminated 
the fever. One patient had run a fever for 18 days before 
aureomycin therapy began. The drug has been remark- 
ably successful against infections of long standing- 



treatment of certain vual and rickettsial 
diseases.” 

But aureomycm again proved a truism 
that has impressed all research workers 
m chemotherapy, human beings do not 
necessaiily react in the same way as ex- 
perimental ammals Drugs that work 
well in animals may fizzle out when tiled 
m human patients. In contrast, aureo- 
mycin showed somewhat gi eater activity 
in human bemgs than in animals In the 
case of undulant fever, for example, the 
antibiotic apparently was ineffective in 
animals but successful in human bemgs. 
And because its toxicity had proved to 
be negligible, the diug was even chanced 
in some human diseases without pre- 
hmmary laboratory tests against the or- 
ganisms involved, and some of these 
shots in the dark produced cures. 

The clinical results of aureomycin 
thus far may be reviewed as follows. 

Rickettsial Diseases 

The rickettsias are infectious oigan- 
isms intermediate in size between viruses 
and bacteria Rocky Ivlountain spotted 
fever, an infection which has now spiead 
to all parts of the U. S., is one of the most 
serious diseases produced by these or- 
ganisms. The drug most commonly used 
to treat it has been para-aminobenzoic 
acid. This treatment, a survey has shown, 
reduces the duration and fatality rate of 
the disease, although complications de- 
veloped in a substantial porportion of 
the cases (17 per cent), and die drug 
itself is somewhat toxic. Recently good 
results against Rocky Mountain spotted 
fever are reported to have been obtamed 
by the new antibiotic chloromycetin. 
Am'eomycin, however, appears to be a 
specific treatment for this disease. In a 
series of 25 cases, with patients rang- 
ing in age from one to 50, aureomycin 
pioduced the same rapid drop in tem- 
peratiu'e, disappeaiance of the rash and 
general chnical improvement that was 
noted in the case described earlier in this 
article. The average duration of treat- 
ment was four and a half days and the 
average hospital stay less than 10 days. 
No complications developed, and there 
were no signs of toxic effects except occa- 
sional short periods of nausea. 

Q-fever, an acutely infectious disease 
now common on the west coast of the 
U. S. and Canada, is caused by a rickett- 
sia that is spread primarily by cows and 
theii' milk. The mfection lasts from eight 
to 15 days and produces a loss of appe- 
tite and severe physical discomfort. No 
therapeutic agent had been able to check 
this unpleasant fever. In a series of 11 
cases, three of them serious, aureomycin 
produced astonishmgly rapid recovery. 
Typical was the case of a 65-year-old 
man who, two days after onset of the 
disease, was admitted to a hospital with 
chills and fever, pains in the head and 
loins, extreme fatigue, nausea and a tem- 


peiature of 104 F He was given auieo- 
niycin, and in 24 hours showed consid- 
eiable impiovement. In 48 hours his 
temperature was normal, he was soon 
discharged from the hospital after an 
uneventful convalescence. Among the 10 
other Q-fever patients in this group, all 
regained their appetites— the surest sign 
of improvement— within 48 hours after 
aureomycin treatment began, and lost 
their fever m 48 to 72 hours. In another 
gioup of five cases of long duration, the 
peiiod of fever ranging from 23 to 77 
days, four of the five patients responded 
promptly to auieomycm; the fifth, a 51- 
year-old man, failed to show appreciable 
improvement even with large doses of 
the diug. 

The other rickettsial diseases against 
which aureomycin has shown dramatic 
activity are murine or endemic to phus 
and the relapsing form of epidemic 
t\^phus known as Briirs disease Brilhs 
disease, which is seldom fatal but often 
severely mcapacitating, produces a rash 
and a high fever that reaches a crisis in 
from 10 to 16 days. A lepresentative case 
was that of a 42-year-old man with Brill’s 
disease who was treated with aureo- 
mycin on the SLxth day of his illness. His 
fever subsided in 24 houi's, and in 48 
hours his rash had all but disappeazed. 

Viral Diseases 

In tliis group of infections the effect 
of ameomycm has been altogether un- 
piecedented. Lymphogranuloma vene- 
reum, a serious disease caused by a vu*us- 
like pathogen, results in swellings of the 
lymphatic glands of the groin, and in 
inflammation. Sometimes strictures of 
the rectum are produced In a series of 
35 acute and chronic cases of this dis- 
ease, aureomycin stopped the infection 
and healed the swellings and inflamma- 
tions; it could not, of course, correct the 
rectal strictm-es, which can only be 
treated by surgery. Many of these cases 
were followed up for two to four months 
after treatment with the drug, and they 
showed no relapse. The patients with- 
out strictures apparently were cured, 
while the others gained weight even 
when their strictures were not removed 
by sm*gery. 

xAureomycin was also effective against 
the viral disease called granuloma in- 
guinale, which produces ulcerative le- 
sions of the groin. One patient who had 
extensive lesions from tliis disease had 
failed to respond to a variety of treat- 
ments, including antimonial compounds. 
X-rays and a long course of streptomy- 
cin, of which he received 100 grams over 
a period of 40 days. Treatment with 
aureomycin healed his lesions in nine 
days. Seven other patients with this 
disease, four of whom had also been 
treated with streptomycin without re- 
sult, showed definite improvement after 
receiving aureomycin. If the promise 



CULTURE A-377, the strain that 
produced the antibiotic, was the cul- 
mination of tests of thousands of soil 
samples from many parts of world. 
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held forth by these results is further sub- 
stantiated, granuloma inguinale, a minor 
scourge in the Southern states, may cease 
to be a public health problem. 

In primary atypical pneumonia, whose 
causative agent is suspected to be a 
virus, amreomycin at once showed very 
promising lesults. One ol the earliest 
cases was that of a 41-year-old woman 
with a racking cough, a severe headache 
and a temperature of 103 F. who had 
been treated with a sulfonamide and 
witli penicillin, of which she received 
400,000 units daily lor three and a half 
days, without effect. On the eighth day 
of her illness aureomycm therapy was 
started. Her temperature dropped to 
normal in 24 horns and stayed normal. 

The effectiveness of the drug in pri- 
mar)^ atypical pneumonia was confirmed 
in several senes of cases. In one series of 
13 patients, all but one of whom were 
sick enough to be hospitalized, nine lost 
their fever in 24 hours, three m 48 hours 
and one in 72 hours after am'eomycm 
therapy began. They had been sick for 
periods ranging from two to 21 days. 
Nine of the patients had previously been 
treated with sulfadiazine, penicillin, or a 
combination of both, without showing 
any clinical improvement. Another series 
of 10 cases yielded similar findings; one 
patient appetired moribund when tieat- 
ment started, but she, too, recovered. 

Bacterial Diseases 

Among the bacterial infections, un- 
dulant fever, or brucellosis, has been 
particularly stubborn. Three varieties of 
the Brucella organism are known to pro- 
duce the disease m human beings. Re- 
cently two of these, the milder ones, 
have been attacked successfully in chni- 
cal tests bv combined treatment with 
streptomycin and sulfadiazine. The more 
malignant third form. Brucella meliten- 
sis, resisted every form of therapy at- 
tempted. In the laboratory, streptomycin 
seemed promising; in fact, in the glass 
dish and in infected chick embryos strep- 
tomycm appeared to be considerably 
more active against Brucella rnelitensis 
than was aureomycin. But streptomy- 
cin failed when it was tried m human 
beings. 

Aureomycin succeeded. One of the 
most remarkable of the many cases in 
which it has been used was that of a 
young housewife who developed the 
malignant type of brucellosis she days 
after gmng birth to a baby. She lost 
weight and strength steadily for six 
months theres^er, and her temperature 
rose as high as 105 F. Five days after 
aureomyciB therapy was instituted, her 
fever and symptoms subsided complete- 
ly. The recurrences which are so characs- 
teristic of this disease se^ to be all but 
eliminated by aureomycin; In a series ot 
24 cases which were followeci bp after 
recovery, 82 c^tures of the patientis 


blood were taken over a period ol three 
months, and in only three cases did the 
cultures suggest bacteriological symp- 
toms of 1 elapse. 

The list of other bacteria attacked by 
auieomycin is long. It lias been used 
successfully against the hemolytic 
(red blood cell-dissolving) Staphylococ- 
cus aureus In one case, an infant m 
whom the infection had spread, despite 
tieatment with pemcillm, over a consid- 
erable area of a lung, auieomycin cleared 
all but one small area. In another, the 
drug healed a brain abscess involving 
the same oigamsm. 

In unnary-ti'act infections, which 
often aie caused by a combination of 
two or more bacteria, aureomycin has 
produced high percentages of cures— 
seven out of eight m one series, all 10 
cases m another, 11 out of 15 m a thud. 
Many of these patients had previously 
been ti*eated unsuccesslully with sulfon- 
amides, penicilhn and streptomycin. 
Against urinary-tract infections of long 
dm'ation and with marked anatomical 
changes, am*eomycin was less effective, 
in a group of 16 cases of this character it 
produced temporary relief m two thuds 
of the cases but no permanent ciiies. 
Ivlost of these patients, incidentally, were 
not hospitalized dmlng treatment with 
aureomycin. 

Because of the effectiveness of penicil- 
lin against the pneumococcal pneumo- 
nias, am-eomyem has been tested in i da- 
tively few cases of this infection, but it 
has performed well in the tests made. In 
one instance a patient with pneumococ- 
cal meningitis which had become re- 
sistant to sulfadiazine, penicillin and 
sti'eptomycm recoveied rapidly upon re- 
ceiving aureomycin. 

The antibiotic has been especially en- 
couraging against various eye infections, 
both bacterial and viral. It has success- 
fully treated diseases of the eyes due to 
pneumococci, staphylococci, the inffuen- 
za bacillus, the diplobacillus of Morax- 
Axenfeld, FriedlandeFs bacillus, the 
bacillus known as E. coli, and viral in- 
fections such as heipes, follicular con- 
jimctivitis and inclusion conjunctivitis. 
It may also be effective against tiaicho- 
ma, for the virus of that disease is similar 
to that of inclusion conjunctivitis. And, 
while too few cases have yet been re- 
ported to justify a definite conclusion, 
am*eomycm appears to offer promise 
against the epidemic eye infection called 
shipyard disease. 

In the venereal diseases gonorrhea and 
syphilis, aureomycin may tmrn out to he 
second to penicillin, most useful in 
cases resistant to penicillin or in patients 
sensitive to that drug. In a group of 148 
cases of active and acute gononrhea, au- 
reomycin proved as satisfactory as peni- 
cillin when both were taken orally; but 
less effective than the earher antibiotic 
administered by injectioix* The results of 
aureomycin against syphilis are still un- 


ceitain, but it has shown definite alnhty 
to kill the spirochetes causing this dis- 
ease 

Auieomycin is by no means to be con- 
si deied a cm e-all. It has shown no ac- 
tivity against such virus diseases as 
poliomyelitis or influenza and it has of- 
feied little hope thus far against tuber- 
culosis, typhoid fever and certain other 
major diseases. But its low toxicity, care- 
fully determined by every conceivable 
type of test, invites clinical experiments. 
In the laboratoiy, animals show high 
tolerance to the antibiotic: even the ex- 
tiemely large dose of 2,500 milligrams 
per kilogram of body weight, when given 
orally to mice, kills only five per cent of 
the mice. In clinics, prolonged treatment 
of patients langing m age from three to 
65 has produced no ill effects. Unusually 
laigc doses of auieomycin may some- 
times result m looseness of the bowels 
(but not time dianhea), and some pa- 
tients on smaller doses occasionally have 
felt nausea or vomited, but these effects 
could not always be ascribed to the anti- 
biotic. 

Thus physicians have felt safe in ex- 
panding the use of the antibiotic even 
to inlections wheie theie has been no 
previous suggestion that it may be effec- 
tive An instance is reported of a physi- 
cian who wa.s treating a case of subacute 
bacterial endocarditis with penicillin, the 
chug ol choice for this dangerous heart 
disease, until he was compelled to chs- 
contmuc the drug because the patient 
became sensitive to it. Sliilting to anreo- 
myem, the physician continued this 
treatment for 11 weeks, and the patient 
now appears to be well. 

One of the most sti iking cases of all 
was that of a 65-year-old man who was 
admitted to a hospital with a stiangu- 
lated hernia and a seveie, geneialized 
peritonitis (infection of the abdominal 
membrane) which upon opeiation was 
found to be due to a ruptiiiecl appendix. 
For five days the patient was given peni- 
cillin and streptomycin, but he dicl not 
do well. His wound failed to heal, and 
he ran a high temperature. On the sixth 
day he eviscerated and was letuinecl to 
die operating room, where his entiie 
peritoneal cavity was found heavily in- 
fected. The patient was treated with 
aureomycin as a desperate resort. In 
48 hours his temperature dropped from 
105 F. to normal. He was discharged 
from the hospital 13 days later. 

Case reports such as these have had a 
considerable impact on the medical pro- 
fession. And clinicians no longer ask 
what aureomycin can do; their question 
now is. How much moie will it do? 


Leo Eane, formerly a bacteriologist 
at the Harvard Medical School, is a 
research consultant for Lederle Lab- 
oratories. Dora S. Rane, his toife, 
is a writer on scientific subjects. 
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MOLD IS GROWN first in small tanks and then trans- manufacturing plant of Lederle Laboratories at Pearl 
f erred to large ones. Aureomycin is produced in the River. The drug is now generally available to physicians. 
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DYNAMIC SOLUTIONS IN 

4 MILLISECONDS 


Any dynamic system — simple or com- 
plex — linear or nonlinear — real or 
contemplated — can be simulated with the 
new GAP/R Analog Computor Compo- 
nents. Made in several types — each per- 
forming a specific mathematical or dynam- 
ical operation — GAP/R Components may 
be assembled much as one would set up 
a block diagram containing functional 
relationships between variables . . * 

overall system equations need not even 
be formulated. 

Transient solutions are computed 240 
times each second and are displayed con- 
tinuously as oscillograph traces (which may 
be recorded). System parameters may be 
continuously varied with effects instantane- 
ously visible. Thus, in the case of the 
design of automatic controls, for example, 
optimum values of controller constants 
may be quickly determined and the per- 
formance of the control evaluated. 

Computing systems built from GAP/R 
Analog Computor Components may be ex- 
panded indefinitely by adding Components 
. . ♦ regrouping for new and different 
problems is simple . . , units are easily 
checked, replaced and serviced. Regulated 
power and varied initial conditions are 
supplied to system by a GAP/R Genual 
Unit. 

Write today for bulletins on GAP/ JR 
Model K3 Analog Computor Components, 
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(u A. Phllbrkk Researches, I iul 
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The Blackett Booh 

A HEAVY cannonade of ciiticism lias 
greeted P. M. S. BlacketPs Fear, 
War, and the Bomb, which was pub- 
lished m the U. S last month (and de- 
bated in the March issue of this maga- 
zine ) . 

In an article titled “Playing Down the 
Bomb,” in the April issue of The Atlantic, 
1. I. Rabi, chairman of the Columbia 
Umversity physics department, attacks 
the book as an “extin or dinary piece of 
special pleading ” Rabi declaies that 
Blackett, in comparing atomic explo- 
sives with the bombs diopped on Gei- 
many, neglected the saturation effect 
made possible by atomic bombs. Rabi 
disputes Blackett’s estimate of the im- 
poitance of atomic eneigy and its possi- 
ble role m enabling the U.S.S.R. to catch 
up industrially with the U. S. He says. 
"Professor Blackett did not woik on the 
atomic bomb pioject during the wai, and 
his professional interest in lecent years 
has not been primarily in nucleai phys- 
ics. There ai'e many points in tlie book 
which show that his thinking in this field 
IS that of an outsider. . . . Atomic power 
is not around the corner.” Rabi also criti- 
cizes Blackett’s suggestion that a general 
disarmament cannot be negotiated until 
Russia has its own bombs. “This,” he 
says, “is exactly the kind of dreaded 
armed ti’uce American scientists have 
sought to avoid.” 

The Bulletin of the Atomic Scientists 
devotes a thud of its latest issue to re- 
views by Edward A. Shils of the Univer- 
sity of Chicago sociology department, 
Chairman Brien McMahon of the Joint 
Congressional Committee on Atomic En- 
ergy; Pliilip Morrison of the Cornell 
University physics department; and M. 
Marinin, a Russian writer whose favor- 
able rewew of Blackett’s book originally 
appeai'ed in Fraoda. 

Shils, who has been active in support 
of the Baruch plan, denounces Blackett’s 
volume as an apology for Soviet policy 
“which states a defense for the Soviet 
Union position . , . much better than any 
Soviet delegate has ever stated.” Shils 
concedes that the hook contains “some 
very impressive pieces of analysis. ... It 
is merrfore necessary that this gift to 



Soviet piopagaiida lie studied and un- 
derstood. ... It cannot l^e refuted oi 
dismissed by self-iighteous cliches.” 

Senator McMahon lemarks that he is 
not reassuied but Irightened by Black- 
ett’s data “debunking” the bomb “Tak- 
ing 400 bombs as the least quantity 
needed to duplicate the luin visited upon 
Ceimany,” he observes, “how can we 
conclude that atomic eiicigy is an exag- 
gerated menace'^ Must we not conclude, 
lathei, that 400 bombs is a teinfymgly 
small numbei ?” 

Moinson, who is in general agiee- 
ment with the Biitish physicist’s thesis 
and conclusions, adds two lootnotes 
One IS a calculation of the number of 
atomic bombs that would be lequiied to 
equal the damage done by the German 
army in Russia. He arrives at an estimate 
of 800 to 1,200 Allowing for intercep- 
tions, delivery of these would requiic 
“the launching ol many moie than a 
thousand under present conditions.” 
Concludes Moinson. “A major war will 
not be a thrce-wcck aerial expedition.” 
His othei footnote couccins Blackett’s 
charge that the di opping of llie bomb 
on Hiroshima was tuned to occur liefore 
the scheduled cnliance of the U.S.S.R. 
into the wai against Japan. Morrison, a 
staff physicist at the Los Alamos bomb 
laboratoiy during the war, recalls that 
August 10 had been set as an absolute 
deadline for completion ol the bomb, to 
be met regardless of cost. 

The Mexican physicist Manuel Sando- 
val Vallarta, former member of the 
United Nations Atomic Energy Com- 
mission, terms the volume “an absoibing 
book.” He disagrees, however, with 
Blackett’s assessment of the bomb and 
his political analysis. Writing in Physics 
Today, Vallaita declaies his conviction 
that the atomic bomb is qualitatively a 
new weapon and that acceptance of the 
U. S. proposals for control of atomic 
energy would have speeded up its de- 
velopment for peaceful pm poses. 

FAS Proposals 

A PROPOSAL that the United Na- 
tions take over world-wide distri- 
bution of isotopes as a stait toward 
bieaking the atomic-control deadlock 
has been made to the UN bv the Feder- 
ation of American Scientists. 

Four countries— the U. S., Canada, 
Great Britain and France— already are 
toning out pile-produced isotopes. 
Sweden, Norway, India and perhaps the 
U.S.S.R. also are expected to be produc- 
ing them soon. The FAS predicts that 
isotopes will therefore become a substan- 
tial item of international trade. It sug- 
gests that the UN should set up an a gen- 
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cy to assist in publication ot research 
with isotopes and to help smallei coun- 
tiies and laboratoiies obtain supplies- 

Russian Bombs? 


W ERNER HEISENBERG, the lead- 
ing Germdn physicist and head of 
the abortive Geiman wartime atomic- 
energy pioject, told the pi ess last month 
tliat he is ‘'almost certain” that Russia 
has started production of atomic bombs 
at two Siberian centers. He named the 
centers as Atomgrad, a new city, and 
Uchta Both aie near Lake Baikal, an 
area known to contain uranium oies 
Heisenbeig is now living at Gottingen 
in the British zone of Germany. He did 
not disclose the somce of his informa- 
tion. He also said that the U S.S.R has 
made "dangerous discoveries” in death 
1 ays 


Uranium Strikes 

T WO new potentially impoitant finds 
of uianium have been made, in 
France and m Canada. 

The French stiike, according to Fred- 
eric J oho t- Curie, cliiectoi of the Fiench 
Atomic Energy Commission, will make 
France self-sufficient in uranium. Fiance 
has had to depend on imports oi very 
low-giade domestic oies. Its new find is 
a vein of pitchblende beaiing 20 per 
cent uranium near St. Sylvestre, a village 
in central France. It was discoveied by 
geology students on a field ti'ip. Com- 
mercial-scale mining operations have 
begun. 

The Canadian discovery, on the Lake 
Superioi shore 70 miles from Sault Ste. 
Mane, was made late last fall, shortly 
before winter ended prospecting activi- 
ties. Although it is not yet certain that 
the deposit is of exploitable dimensions, 
hundreds of prospectors aie waiting to 
rush the site as soon as the ice breaks 
up. Samples of its pitchblende have as- 
sayed as high as 59 per cent uranium. 

Fission Tlu eshold 

I NFORMATION about a critical prop- 
erty of thorium and uranium— the 
minimum neutron energies required to 
make them undergo fission— has just 
been declassified and published with tlie 
authorization of the Atomic Energy 
Commission. Thorium, it is disclosed, 
must be struck by neutrons with energy 
of at least 1.1 million electron volts 
(mev) to undergo nuclear fission. The 
fission of U-238, the common isotope of 
uranium, requires neutrons of 1 mev. 

These data were determined eight 
years ago, The measurements, made by 
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T ry the new No. 78 Spencer Scholar’s Microscope just once. 
You’ll be amazed that a precision scientific instrument can 
be so simple to operate. Excellent images are obtained with the 
high quality Spencer optics supplied on this microscope. Crisp, 
clear images necessitate proper illumination. This is supplied by 
an efficient built-in light source eliminating substage adjustments 
and providing constant, uniform illumination, A single adjust- 
ment for both rapid and critical focusing saves time and effort. 
Low overall height and reversed position of microscope arm 
permit better posture, clearer view of stage, and easier, more 
convenient operation. Locked-on optics and stage clips reduce 
breakage and loss of parts. 

The No 78 is the ideal instrument for many routine laboratory 
and teaching applications. Standard model with lOX eyepiece 
and tw'O objectives, lOX and 43X, costs only S99.50. For literature 
or the name of your nearest AO^distribulor, write American Optical 
Company, Scientific Instrument Division, Buffalo 15, New York^ 
Dept. R178. 
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An Invitation To 

IHVENTOBS 

Here is the rare opportunity that inventors 
have been waiting for— to show their in- 
ventions at their own exposition and get 
attention and interest from the public and 
industry. The primary purpose of this Expo- 
sition is to aid inventors in the promotion of 
their ideas to both the public and industrial 
leaders. 



First International 
Inventors Exposition 

Sponsored by the American Inventors Association 

The International Inventors Exposition is 
open to any inventor who has any invention 
— regardless of kind or application — which 
has merit in the opinion of the Exposition 
Committee. 

In order to make it possible for private in- 
ventors to exhibit at the Exposition on an 
equal footing -with commercial entrants, the 
A 1 A (American Inventors Association) has 
made special arrangements for them to join 
the Association and present their exhibits at 
a greatly reduced fee. 



GRAND CENTRAL PALACE 
NEW YORK CITY 
June 4-11, 1949 

This is the first time that inventors from all 
over the world have had the opportunity to 
not only show their ideas and products but 
also gain recognition for themselves. 

Please send photograph of your invention 
with complete description thereof, and also 
photograph of yourself, to the Exhibition 
Committee, International Inventors Exposi- 
tion, 525 Lexington Avenue, New York 17, 
New York. If your invention meets ail the 
requirements of the Committee, application 
for inclusion in the Exposition and complete 
details will be sent to you promptly. 



Time is limited. Write today. 
Remember the Exhibition dates. 
Jufcte 4th to tlth. 


} E. Hill W E. Shoupp and F W. 
Stallman at the Westinghouse Rebeaich 
Laboratoiies, played a part in shaping 
the dn'ection of development of mate- 
rials for the atomic bomb Physical theo- 
ry and approximate eaiher measure- 
ments hacl indicated that the tboimm 
and U-238 thresholds were m the fast 
neuti'on range. The Westinghouse study 
confirmed this assumption and helped to 
clinch the decision to coiicentiaite on 
U-235 and plutonium as the mateiials 
for production of a chain reaction. U-235 
and plutonium are fissionable by slow 
neutions with eneigies of a few thou- 
sand electron volts. 

Publication of the thoiium and U-238 
thresholds suggests that the AEG be- 
lieves there is no possibility of using na- 
tural thorium or U-238 directly in a 
chain reaction. Presumably nuclear piles 
using these materials would be imprac- 
tical eithei because the energy thresh- 
olds are entirely too high, oi because 
the thorium and U-238 cioss sections 
(frequency of effective hits by bombard- 
ing neutrons) are too low, or for both 
reasons. 

AEC Board 

T he Atomic Energy Commission has 
established a permanent Personnel 
Security Review Board such as was rec- 
ommended by last year's temporary re- 
view board under former Supreme (Souit 
Justice Owen ]. Roberts. The Board will 
review AEC clearance procedures and 
serve as a final court of appeal in AEC 
clearance cases. The three members of 
the board aie Charles Faliy, former U. S. 
Solicitor General, chairman, Arthur S. 
Flemming, president of Ohio Wesleyan 
University and former Civil Service 
Commissioner; and Biuce D, Smith of 
The United Corporation. 

Biological Warfare 

A fter an absence of two years, bio- 
- logical warfare is back on news- 
paper front Feoce or Pestilence^ a 

book by Theodor Rosebur)', Columbia 
Univeisity bacteriologist and co-author 
of the widely publicized biological war- 
fare report in the Journal of Immunolo- 
gy, is scheduled for publication by Whit- 
tlesey House this month. Meanwhile, 
retiring Defense Secretary James Foires- 
tal and Major General Alden H, Waitt, 
chief of the Chemical Corps, which has 
had charge of Army biological warfare 
research, have made public statements 
on the subject. Both described as ''fan- 
tastic” such reports as the reputed ability 
of an ounce of botulinus toxin to kill 
every man, woman and child in North 
America. They deny that any "biological 
super- weapons” exist. Tlrey declare, 
however, that bacterial warfare is an en- 
tirely practicable possibility. 

I Tire U. S. has no stockpiles of germ 
weapOjas; General Waitt: rsays, "it 


does not follow that if the enemy uses 
gas 01 biological war! are that the U S. 
will use them.” But the U. S has a luo- 
logical warfare research piogiam “with 
the best scientists m the world w'oikmg 
on the problem,” and it is “bettei pie- 
paied” than any potential enemy. 

Secietary Foirestal indicates that 
methods of dispersing germ agents aie 
the piincipal technical problem m bio- 
logical warfare. He discloses that Fed- 
eral civilian agencies, as well as the 
aimed services, have been bi ought into 
the planning of defenses against tood- 
and water-])orne disease agents. 

Energy Resources 

T he widely held belief that the U S 
has sufficient coal for some 2,000 
years is disputed in a new review oi 
world energy resomces. The review, pie- 
pared by Eugene Ayies of the Gulf Re- 
scaich and Development Conipanv, 
holds that we have only 92 to 292 years' 
supply. He ainves at this estimate on 
the basis of expected increases in the fu- 
ture demand for coal and of impending 
large-scale production of synthetic liquid 
fuels from coal. Conversion of' coal to 
gasoline entails the loss of a huge li ac- 
tion oi its energy. 

If the world demand lor energy con- 
tinues to rise as it ha.s since the beginning 
of the Induslnal Revolution, Ayres pre- 
dicts, use will eventually far outstrip pos- 
sible new discoveries of undergiound 
fuels, including uranium. New sources 
of energy will then have to Ijc found oi 
consumption curtailed . 

The way out of the dilemma, in Ayies’ 
opinion, lies in the greater use of re- 
plemshable sources of energy. He sug- 
gests that the energy now consumed 
could be doubled within a century by 
exploiting these sources, of which the 
most important is solar energy. Others 
are water power and vegetation, which 
could be converted to gas, gasoline oi 
alcohol, or iDuined as is. The use of solar 
energy for heating homes and buildings, 
currently under trial at the Massachu- 
setts Institute of Technology, will, he 
thinks, be economically significant with- 
in a decade. 

Malaria 

A MAJOR offensive against malaria 
IS to be launched this summer by 
the World Health Oi ganization, Inter- 
national Children's Emergency Fund, 
and the Food and Agriculture Organiza- 
tion. 

WHO teams have been in Greece for 
a year, battling malaria with DDT and 
synthetic antimalarials. Demonstiation 
units have just arrived in Indo-Chma and 
Siam. Similar teams will be sent in a few 
months to Burma, Ceylon, India, Indo- 
nesia, Malaya, Pakistan and Yugoslavia. 
In addition, other agencies are active 
elsewhere; the Italian Government in 



Italy, the International Health Division 
of the Rockefeller Foundation in Saidm- 
la, the British Government in Cyprus, 
the U. S Public Health Service in the 
Philippines, and a variety of local and 
outside health agencies in Africa and 
Latin America 

DDT has now made it possible to 
control the disease. In southern Gieece, 
three years of DDT treatment by 
UNRRA and WPIO to eiadicate malaria- 
beaiing mosquitoes have reduced the 
malaiia incidence fiom one million to 
50,000 a yeai at an annual cost of 30 
cents pel person 

German Science 

G erman science is being reconsti- 
tuted along '^extremely undemo- 
ci atic” hues substantially similar to those 
befoie the war, three British scientists 
chaige. They are Sir Robeit Watson- 
Watt, ladar pioneer and chauman of the 
British Association of Scientific Work- 
eis, y. G Crowther, secretary of the 
Association, and R. C Murray of the 
Institution of Professional Civil Servants. 
They visited Geimany last spring as 
delegates of their oiganizations. 

The Max Planck Society foi the Ad- 
vancement of Learning draws theii 
heaviest fire The Planck Society was set 
up to take the place of the Kaiser Wil- 
helm Society, which operated the pimci- 
pal German research centers (the so- 
called Kaisei Wilhelm Institutes) and 
which was dissolved by Allied authori- 
ties. 

The Planck Institutes seen by the dele- 
gation had received piioiities lor build- 
ing materials and weie physically well 
ofi:. Facilities of the six pm e-science in- 
stitutes at Gottingen compared favorably 
with the Cavendish Laboratory at Cam- 
bridge. The three British scientists said 
that the funds for these establishments 
are being supplied almost exclusively by 
huge industrial fiims which occupied a 
key place in the Nazi war economy. 

“At the factories of I G. Farben In- 
dustrie at Leverkusen and Elberfeld,” 
the report asserted, “the organization of 
leseaich seems to be substantially un- 
changed from what it must have been 
before and dmung the war. . . . Those 
German scientists in the British zone on 
whom the mam responsibility of reor- 
ganizing science falls are busy doing this 
along hues that are in all respects identi- 
cal in form with those which enabled 
science to be so easily perverted by the 
Nazis.'' 


Meetings in May 

A merican Society of Mechamcal 
- Engineers. New London, Connect- 
icut. May 2 - 4 . 

Acoustical Society of America. New 
York City May 5-7. 

International Congress on Rheumatic 
Diseases. New York City. May 30-June3. 




AN IDEAL aU-purpose COMPUTER 
for CoUeges, Universities and 
Industrial and Government Laboratories 

# The Reeves Electronic Analog Computer is a 
tried and proven instrument having been in produc- 
tion for nearly two years. 

The REAC is meeting the growing need for a 
reasonably priced, high speed electronic differential 
analyzer. A large number are being used throughout 
the country in a wide variety of scientific fields. It 
has made the mathematical approach to research 
and engineering problems economically feasible, 
eliminating old fashioned cut-and-try methods. 

REAG users report great savings in time and 
money in obtaining desired results as compared with 
their existing hand methods of computation. Costs 
on the average have shown a 95% reduction and as 
a result REAC equipment pays for itself in a matter 
of months. 

The REAC is easy to operate and maintain com- 
pared with other basic types of high speed com- 
puters. Its accuracy, speed and versatility is more 
than adequate to handle a great proportion of the 
mathematical analysis work requiring solution by 
electronic computers. 

Write for our booklet RtC0^2 which 
provides a complete description of the 
REAC equipment, 

215 £ast 91 St., Hew Ywk 28, N. Y. 
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Some measure, others count. The latter, ivith which 
this article is principally concerned, are the focus of 
much feverish activity, not all of it purely scientific 

by Harry M. Davis 


A new revolution is taking place in 
technology today It both paiallels 
and completes the Industiial Rev- 
olution that started a centuiy ago. The 
first phase of the Industrial Revolution 
meant the mechanization, then the elec- 
tiafi cation, of hi awn. The new i evolution 
means the mechanization and electrifi- 
cation of brains. 

The 19th-century revolution was 
based on the transformation and trans- 
mission of eneigy— call it what you waU: 
calories, ergs, hoi sepowei -horns, foot- 
pounds, joules, British thermal units, 
kilowatt-hours. 

The 20th-century revolution is based 
on the transformation and transmission 
of information: a number, a letter of tlie 
alphabet, a daik or light spot in a pic- 
ture, an “oiT" or “off” signal, a decision 
between “yes” and “no”; a judgment as 
to “more” or “less”; a logical discrimina- 
tion among “and,” “or,” and “neither.” 
These are the raw materials and the 
products of “information-processing sys- 
tems” that are assuming many of the 
human functions of calculation, commu- 
nication and control. 

How far has this revolution gone? 
Much of it IS aheady taken foi granted 
in our daily fives— in the shape of radio, 
television, telephone dial systems. Other 
phases affect us less obviously— robot 
pilots for airciaft; electronic navigation 
systems; automatic controls in factories; 
the many kinds of radar. All such devices 
have functions that are comparable, in 
one way or another, with the processes 
of human thinking. 

But the machines that above all others 
deserve the title of “brains” are the elec- 

THE ABACUS was perhaps the 
earliest mathematical machine. The 
number indicated hy the Chinese 
abacus on the opposite page is 27,091. 


tionic computers which easily solve 
pioblems so intiicate and laboiious that 
they stagger the most patient mathema- 
tician. They lead, they write, they do 
arithmetic— all at lates ranging from a 
thousand to a million times faster than 
the human eye, mind, and hand. 

Do They Really Think? 

To the question, “Do these machines 
really tlimk^” one can get various seman- 
tic interpretations of the words “reaUv” 
and “thmk,” including the rejoinder, 
“How much do people really think?” 
Calculator designers and psychologists 
seem to gam more respect for the human 
brain the more tliey learn about its 
mechanical competitors. In strictly elec- 
trical and chemical terms, the human 
brain is the most eflficient of computing 
machines, although it is also the slowest. 
It does not need kilowatts of power to 
energize its nerves, nor blowers to venti- 
late it, the electrical brains definitely 
emit more hot air. Warren McCulloch, 
the neuropsychiatrist, has pomted out 
that if a calculator were built fully to 
simulate the nerve connections of the 
human brain, it would requhe a sky- 
scraper to house it, the power of Niagara 
Falls to urn it, and all the water of 
Niagara to cool it. 

“The more I deal with these ma- 
chines,” said one expert, “the more im- 
pressed I am ivith how dumb they are.” 
They do nothing creative. They can only 
follow instructions, which must be re- 
duced to the simplest terms. If the in- 
structions are wrong, the machines go 
wrong. 

On the other hand, the machines are 
not subject to distraction. They concen- 
trate all their faculties on the problem at 
hand. They can do a comphcated calcu- 
lation in less time than it takes a human 


being, for example, to react to a red 
traflSc light by signaling his right foot to 
move from gas pedal to brake. Thus they 
can take over an immense burden of 
mental labor, liandhng mathematical 
and logical data in quantity just as the 
assembly lines ha\^e converted hand 
labor to mass production. 

Claude E. Shannon of the Bell Tele- 
phone Laboratories aptly answered the 
“do they think” question when he said 
that the performance of the newest ma- 
chines “will force us either to admit the 
possibility of mechanized thinking or to 
further restrict our concept of thinking.” 
Shannon made this remark at the March 
meeting of the Institute of Radio Engi- 
neers, where he explained how the com- 
puters could be taught to play an ade- 
quate, though not brilliant, game of 
chess. Against the greater inventiveness 
of the human chess master, the machine, 
with its built-in procedures for clioosmg 
the next move, would have the advan- 
tage of high-speed operation, freedom 
from errors, and freedom from laziness. 

A New Industry 

Already the building and operating of 
automatic brains is becoming a big busi- 
ness. The electronic brains cost from 
$50,000 to $1,000,000 each, and there 
are eager waiting fists of customers— air- 
plane manufacturers, insurance compa- 
nies, statistical services and, above all, 
the various agencies of the Government. 
The census of 1950, it is hoped, will be 
the first to be analyzed by all-electronic 
computers, extractmg a wealth of in- 
formation about the nation’s economic 
life that has never before been refinable 
from the statistical ore despite the use of 
punch-card tabulating machines. 

The electronic machines are versatile. 
Nuclear physicists in Chicago send prol> 





lems to Abeideen. Md . toi piocessmg 
on the famous Emac computer. The In- 
ternational Business Machines Selective 
Sequence Calculator a stieamhned 
roomful of tubes and rehu’S behind plate 
glass on New Yoik’s 57th Street, is more 
than an adveitismg showplace. Wliile 
shoppers and ait-gallery goeis on the 
fashionable sti'eet glance' in, the machine 
silentlv woiks out "problems such as the 
motions of the moon or the contiol of 
guided missiles. 

IBM has aheady incorporated some 
of tlie best ciicuits from this big machine 
into a little one, the size of two filing 
cabinets, neatly packaged m ciackle- 
fimsh gray metal and mounted on casters 
so that it can be installed near the elec- 
tric socket of any business office. Ten 
times fastei than the previous IBJvl com- 
mercial calculating punches, the elec- 
tromc Type 604 is now coming off the 
production lines in quantity. 

But these instruments are only the 
pioneers of the new age of electronic 
thinking. At the computei sessions of the 
American Institute of Electrical Engi- 
neers in February and of the Institute of 
Radio Engineers in March, it became 
clear that every calculator now in opera- 
tion will soon be as outdated as an 
e.irphone-and-crystal radio compared 
with the frequency modulation-televi- 
sion models of 1949. The older machines, 
however, will not become obsolete, be- 
cause problems exist suitable for every 
t}'pe to handle. 

Fantastic new computei s, geared not 
to spHt-second but to split-microsecond 
speed, are being rushed to completion. 
The Moore School of the University of 
Pennsylvania, birthplace of the Eniac, is 
building a machine called Edvac which 
has a far more capacious memory and 
greater versatility. This it is doing with- 
out the further aid of the Eniac's princi- 
pal designers and the Edvac's original 
conceivers, John Mauchly and J. Prosper 
Eckert, Jr., who have gone into business 
with the Eckert-Mauchly Computer Cor- 
poration Occupying two floors m a 
Philadelphia building, Eckert-Mauchly 
is testing a pair of computers known as 
Binac. Eckert-Mauchly also has con- 
tracts for six more elaborate machines 
known as Univac, to cost about $200,000 
each, for government, industrial, and 
commercial use. 

At Princeton, N. J., m a special com- 
puter building belonging to the InstiUite 
lor Advanced Study, John von Neumann 
and other eminent matliematicians have 
been at work more than two years on a 
colo^al computing device that is stdl 
some distance from completion. This is 
the machine that has been described 
by Vladimir Zworylan^ research director 
of the Radio COTporaboa of America 
( which is cooperatog in the project) as 
a future Vorld weather modeL” It might 
be set up to shnuhite every; weathet-'' 
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making foice and have these foices work 
upon one another a bit faster than m 
iiatoe, thus tomorrow’s weather could 
be read off today and not, as would he 
the case if every factor were taken into 
account by present methods, a year from 
now. But Dr. von Neumann is just as 
much interested in putting the machine 
to woik on questions of atomic physics 
and economic statistics. 

Meanwhile the Raytheon Manufactur- 
ing Company of Waltham, Mass., pre- 
viously best known for manufacturing 
the magnetron tube of microwave laclar, 
has accepted a big Government conti*act 
for a computer comparable with the Uni- 
vac. Harvard University, having shipped 
its Mark II computer to the Naval Piov- 
ing Ground at Dahlgren, Va., is up to a 
Maik III. The Massachusetts Institute 
of Technology has its ''Project Whul- 
wind” for the construction of electionic 
brains needed for military piu'poses. 

British scientists are active in the 
picture, too. They have a proud tradi- 
tion in the field, for the Englishman 
Charles Babbage more than a century 
ago outlined the essential features of 
modern computers with his plans for a 
‘'difference engine.” Advanced comput- 
ers are now under constiuction by foiu* 
British laboratories. 

Not all of this activity is on the sm*- 
face, nor is the pictuie one of uniloim 
sweetness. There are military secrets and 
there are commercial secrets. Behind 
the scenes one senses intense rivalry 
and competition, with privately voiced 
charges of unfair publicity claims and 
pnated inventions, and hints of patent 
htigation to come. These are the symp- 
toms of a big new industry in the mak- 
ing, witli people fighting for their place 
on the giound floor. 

What is at stake in die competition 
can be understood from a simple com- 
parison. Some of the new machines un- 
der development will have the basic 
ability to carry out the multiphcation of 
two 10-digit numbers in approximately 
a thousandth of a second The same 
task would take five minutes (about 
300,000 times as long) for a man with 
pencil and paper. The machine is equiv- 
alent to about 25,000 operators of desk 
computing machines. 

Digital V. Analogue 

There are two families of computers— 
the digital and the analogue. Those dis- 
cussed above are of the digital type. 
It is with these that this article is pri- 
marily concerned. But the analogue 
computers came first; the celebrated 
"mechanical brain” at M J.T., for which 
Vannevar Bush gained fame two decades 
ago, was an analogue machine. Radar 
and gun directors leaned heavfly upon 
them^ atid they will continue to be im- 
portant in many "ways. So let hs examine 


these machines before clai dying tlie dis- 
tinction between analogue and digital 
computei s and dissecting the latter 

The speedometer in your automobile 
is a simple example of the analogue com- 
pute!. In propoi’tion to the speed ol the 
drive shaft, a centrifugal foice is set up 
which moves a needle to the appropri- 
ate place on the "miles per hour” dial 
This is an operation ol differential cal- 
culus— a stationary needle position on the 
dial displays the rate of change in the 
position of the car. 

The gears of your car, or of \our 
watch, also do aiithmetic- they multiply 
and divide, although, of course, the mul- 
tiplier IS fixed by a built-m gear latio. 
The differential, between the rcai 
wheels, is what its name implies, a 
mechanical subti'actmg machine, any 
exti'a speed gained by one wheel being 
subti acted horn the other. All these 
ideas aie actually used m mechanical 
computing machines of the analogue 
type, among their components are gears 
and cams and differentials. 

Bush’s “differential analyzer” sobbed 
piohlems in calculus, Difl'erent elements 
of the machine were set for various parts 
of the equation, all being geaied togeth- 
er so that the only answers to come out 
would be the ones that were tiiie to 
the equation s requirements. 

There are electrical counterparts of 
die mechanical analogue computer In- 
stead of a mechanical position, we can 
have an electrical charge, instead oi a 
velocity, we may have an electi'ical cur- 
rent, or the magnetic force induced bv 
it. Cii'cuits with resistance, inductance 
and capacitance are set up to behave m 
accordance with stipulated equations 
An electrical transformer can multiply 
in the same manner as a pair of gears. 
Vacuum tube circuits can integiate. Such 
machines are being produced in consid- 
erable numbeis— the Reac made by tlie 
Reeves Instiument Company is a suc- 
cessful example, automatically tiacmg 
out the answer to a calculus problem m 
a senes of curves. M. I. T. has an electii- 
cal successor to the mechanical analyzer 
which looks like a telephone cenhal sta- 
tion. 

The analogue computers aie likely to 
he less bulky and expensive than the 
digital type, they provide quick solu- 
tions. But hke the shde rule (which is 
also of the analogue class, because it 
translates logarithms into physical dis- 
tances) they have a limit to their pos- 
sible accuracy. For the higher refine- 
ments of calculation, the digital or logi- 
cal computer is now coming to the fore. 

The Digital Idea 

The digital computer is distinguished 
by the fact that it does not measure; 
it counts. It never responds to a greater 
or 'leaser degree; at every stage of its 



action, it IS an “all or nothing” device, 
operating with discrete signals that ei- 
thei exist or do not exist 

The simplest digital computer is the 
human hand, from which, of couise, w^e 
have our decimal system. Coriespondmg 
to such primitive indicators of a numeri- 
cal unit as a finger, a pebble oi a stylus 
scratch, the new^ automatic computers 
represent digits by such methods as. 

A round hole in a ship of tape. 

A square hole in a piece of cardboard 

A current in an elechomagnet. 

An armatuie athacted to the magnet. 

A closed pail of elechical contacts. 

A pulse of cuirent in an electiical 
tiansmission line. 

An electronic tube in which cm rent 
IS pei nutted to flow from filament to 
plate. 

A magnetized aiea on a steel or al- 
loyed wiie. 

A magnetized area on a coated tape 

A darkened aiea on a strip of photo- 


NAPIER*'S RODS were a ITtli-century attempt to mechanize multiplication. 
They were never made to work satisfactorily. The inventor, John Napier of 

. 1 1 £ Edinburgh, is better remembered because he was the inventor of logarithms. 

A moving npple m a tank ot mercury. ^ 

In each case there is no measurement 
of giadations in the signal. There is 
either a hole or no hole, contact or no 
contact, cm lent oi no current, pulse or 
no pulse. The designers simply have to 
make suie that theie will be no ambi- 
guity. They have to leave enough room 
on a tape, for example, so that a magne- 
tized area will not get confused with an 
unmagnetized one. This sort of consid- 
eiation, however, only limits the com- 
pactness and in some respects the speed 
of the machine; it does not affect the ac- 
curacy or the number of decimal places 
to which a calculation can be carried 
out. 

Any such imprint or setting is called 
a “memory.” The use of “memory” as a 
technical term of the computer trade has 
bolstered their anthropomorphic analo- 
gy to “brains.” But there really is noth- 
ing sm'prismg in it. Every photograph, 
every printed page, every canceled 
check, is a form of mechanical memory. 

The important thing about the com- 
putei devices is not that they can record 
and remember numbers, but the fact 
that they are peculiarly adapted to yield 
up the memory content quickly, and in a 
form suited for immediate transportation 
and processing in oilier parts of the same 
machine. The “on-off” or “yes-no” kind 
of contrast makes it easy to transfer a 
record from one form to another: a pat- 
tern of punched holes instantly becomes 
a pattern of closed switches, or a pattern 
of conducting electronic tubes; it is the 
pattern that represents the number. 

Of course, the number 1,000,000 is 
not represented by a million spots, holes, 
or ripples. Even when transmitted at the DIFFERENCE ENGINE, conceived in 1820 by the English mathematician 
rate of a microsecond per unit, that would Charles Babbage, was the first modern mathematical machine. It did not 
mean a million steps and take the uncon- work because artisans of his time cotdd not make sufficiently accurate parts. 



giapliic film. 

A charged area on the face of a 
cathode-1 ay tube. 
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DIFFERENTIAL ANALYZER in the Ballistic Research Laboratories of 
Aberdeen Proving Ground was built in the 1930s by the Massachusetts Insti- 
tute of Technology and the Moore School of the University of Pennsylvania. 



KEYELElfPPfT of th^ differeiitial analyser is tho integrator^ The essential 
pa^ of thfe dpvree aa?e a an^ a tum^ on its surface. 

Ihesc^ ^e^nlated to integm^ separate rktes of change* 



scional:)le time of a full second. The an- 
swer, obviously, IS the same one we use 
in ordinary calculation— position value 
coding, of which the decimal system is 
the most familiar example. 

Digits Mechanized 

The fust aitificial digital computing 
device was the abacus, a manually opei- 
ated mechanical memory of gieat antiq- 
uity, yet far m advance of mere finger 
counting. It IS still efficiently used in 
many paits of the world, including the 
Chinese laundries of the U. S. The next 
advance was the adding wheel. Gott- 
fried Wilhelm Leibnitz, who invented 
the calculus independently of Isaac 
Newton, also invented the stepped 
wheel that became the basis for the fii st 
commercial calculator. Adding wheels 
of one sort or another led to the modern 
desk calculator. Without the various of- 
fice machines that add, subtract, and 
multiply at the touch of fingers on a key- 
board, it would be difficult to imagine 
an economy that includes vast insurance 
companies, closely audited chain stores, 
and banks competing foi peisonal ac- 
counts at 10 cents a check. Were it not 
for the mechanization of business mathe- 
matics, modern industiy would need 
more bookkeepcis than factory hands. 
The scientists, ranging from social stat- 
isticians to nuclear physicists, have made 
full use of these commercial devices. The 
adding machine is as much a tool of 
the laboratory as the test tube and the 
oscilloscope. 

A further development, suitable to an 
electiified era, began m the U, S. with 
the census expert Herman Hollerith. He 
developed the first punched-card ma- 
chine using the position of holes to re- 
member numerical data. In the 1890 
census it proved its worth by reducing 
the laboi in half. The Tabulating Ma- 
chine Company which he organized in 
3896 was later consolidated into the 
International Business Machines Cor- 
poration. 

The IBM card, standardized m a size of 
tliree and a quarter by seven and three- 
eighths inches, with its 80 columns of 12 
punching positions each, has become a 
kind of mathematical coinage. It is in- 
terchangeable among a variety of punch- 
ing, sorting, tabulating, calculating, and 
accounting machines, which deal with 
the cards mechanically, electiically, and 
electronically. The same kind of card 
may hold the data of an astronomical 
orbit, an accountant's audit, a corpora- 
tion’s income tax, or a subscription to this 
magazine. 

The IBM cards, or variations thereof, 
not only paved the way to the modern 
electronic brains, but in many cases 
they constitute a vital part of them. The 
cards with punched holes speak just the 
kind of language that an electrical ma- 
diine understands. From them the ma- 


chine leads its assignment, upon them 
it spells out its answers, and with 
stacks of them it forms its library or 
memoiy. 

Quite comparable in importance to 
the development of modern computers, 
although somewhat overlooked, is the 
telegraphic prmter or teletype. This is 
the machine that can be seen typing, no 
hands, in every newspaper office, every 
news agency bureau, every telegraph 
office, It is tihe machine that reads and 
wTites at a distance. The essential ele- 
ments in this mechanized communica- 
tion are the lelay and the perforated 
tape. The relay is the lineal descendant 
ol the telegraph relay, switching on new 
electiical circuits as an armature re- 
sponds to the electromagnetic pull in- 
duced by an incoming signal. The perfo- 
lated tape has room for five meaningful 
holes, plus a sixth little sprocket hole 
which serves to advance it thi'ough the 
reading apparatus. 

Note well the mathematical meaning 
oi five holes, or lack of holes, across the 
width of a paper tape. How many dif- 
ferent meanings can be conveyed by this 
‘ffive-umt code?” The answer is 32, and 
the way we arrive at it illustiates the 
binary system of numeiation that ap- 
pears in the most advanced electronic 
brains. 

The first position on the tape may be 
either perfoiated or blank, that accounts 
foi two possibilities. Each of these can be 
associated with a second position that 
either has a hole or has not, that makes 
ioiu' possibilities. The third, fourth, and 
fifth positions each in turn doubles the 
number of alternatives, giving a total 
of 2'" or 32. Of these, 26 are used for 
ordinary purposes of communication to 
lepresent the letters of the alphabet and 
five for other commands to the mechani- 
cal typist* space (between words), car- 
liage return, line feed, shift to letters, 
shift to figm*es. ( One of the 32 positions 
IS usually not utihzed for any signal.) 
The ability to put such commands in 
code and to have them carried out by 
lelays is another major ingredient of the 
clecti'omc brain. 

The width of such a tape, with its 2^ 
choices, represents a five-digit number 
in the binary system. Some tapes employ 
a six-unit code, providing 64 choices. 

The Relay Coinputeis 

It is possible to build a fairly fast 
computer using nothing much besides 
teleprinters and tape punchers, a switch- 
board and wiring, and a collection of 
adroitly interconnected relays. It is not 
only possible— it has been done by die 
Bell Telephone Laboratories. 

The perforator presents the problem 
in the form of punched tape. The relays 
(standard items of any telephone dial 
center) do the calculating. T^e trick of 
adding is to wire their contacts and coils 


in such a way that the closing of anv two 
relays energizes the relay that represents 
the sum. For instance,^ if relay No. 1 
and relay No. 3 are simultaneouslv 
closed, the only possible path presented 
to an incoming current is the one lead- 
ing thi'ough its closed contacts to the coil 
of relay No. 4. However, if the incoming 
current arrives from the ''carry m 1” 
\wre (meanmg that there was a "1 to 
cairy” from the previous column of the 
addition), the path leads to relay No. 5. 

The Bell Telephone Laboratories are 
not in the computer business except as 
it serves the telephone business. But the 
engmeers had to do a lot of calculating 
in that business, and George R. Stibitz, 
then of Bell Labs (now an independent 
consultant to die computer industry ), 
conceived the idea of building a robot 
computer out of the familiar machinery 
of the telephone system, and the first of 
a series of five progressively more com- 
plicated computers was built by Bell in 
1939, 

Characterisbcally, the communication 
engmeers were not satisfied merely with 
a relay robot that could calculate. What 
good was all that saving of mental labor 
if they had to walk around the labyrinth- 
ine coiridors of the laboratories to get to 
the machine? So they also substituted 
wiling for walking, and rigged up three 
1 emote stations, on various floors, at 
which mathematical problems were tele- 
typed in (unless, of course, they got a 
busy signal), and at which the answers 
were typed back. This feature seemed 
fairly commonplace to the telephone 
men, and they were somewhat surprised 
at the amazement of members of the 
American Mathernatical Society when, 
in a 1940 meeting at Dartmouth College, 
problems put on a long-distance circuit 
from Hanover to New York received an 
immediate answer on the telet\’pe 
printer. Actually it was no more difficult 
than sending the answers across the 
room. 

Compared with the electronic devices 
we shall discuss below, the relay com- 
puters are slow. On the other hand, they 
are reliable. One machine ran 1,500 
hours without a failure. They check 
themselves, refusing to let an error go 
through even when they are unattended. 
When some element in the apparatus 
fails, the machine simply drops that por- 
tion of the problem and proceeds to the 
next. 

During the war IBM built several 
relay computers, two of which have been 
installed at Columbia University, and, 
under the supervision of W. J. Eckert, 
are available to scientists engaged in 
basic research. The first of the large- 
scale calculators was the Mark I, or die 
Automatic Sequence Controlled Calcu- 
lator, which IBM presented to Harvard 
University, where it went to work in 
April, 1944. Using adding wheels con- 
trolled by electrical impulses, with re- 


lays for traffic direction, it calculates 
with numbers of 23 decimal digits and 
computer products to 46-digit accuracy. 
It gets its instructions from perforated 
tape, from IBM cards, and from the 
manual setting of 1,440 dial switches. It 
emits its answers either on IBM cards or 
by t\’ping columns of figures on a roll of 
paper. 

Electronic Computers 

What do relays really do? They are 
nothing but switches operated bv elec- 
tricity, so that one signal opens a valve 
or gate thiough which another current 
can pass. The very same thing can be 
done by an electromc tube— it is for this 
reason that the British use the word 
“valve” where we use “tube.” The elec- 
tronic valve does what the relay does— 
and does it tliousands of times faster. In 
the relay, a mechanical object must move 
through space to open and close the gate. 
In the electronic tube, only electrons 
move, and their speed can best be in- 
dicated by the fact that in a radar set, 
electronic currents reverse themselves 
milHons and even bilhons of times per 
second. 

The first mathematical computer to 
employ the electronic swiftness of radio 
and radar was built in wartime secrecy 
for the Army Ordnance Department at 
the Umversit)’ of Pennsylvania, and later 
moved, at a cost of about $100,000, to 
the Ballistic Research Laboratories at the 
Aberdeen Proving Ground. It is the 
Electromc Numerical Integrator and 
Computer, the previously mentioned 
Eniac. This phenomenal machine is so 
complicated that no single person, even 
among its inventors, knows every part 
of its wiring or the function of each of 
its 18,000-odd tubes. However, some 
of its arrangements are quite simple. 
The system of electronic number storage, 
or memor}% is obvious almost at first 
glance. 

If you were admitted by Army Ord- 
nance officers to the new air-condi- 
tioned quarters of the Eniac, you would 
observe the walls lined with panels of 
radio tubes. You are showm one panel 
called an accumulator, and you are told 
that it is capable of remembering a 
10-digit number. It can register any 
number from zero to 9,999,999,999— but 
only one such number at a time. 

An accumulator consists essentially 
of 100 vacuum tubes (one might say 
200 tubes, since each is a double tri- 
ode). They are arranged in 10 columns 
of 10 tubes each. Reading from right to 
left, you have the umts column, the tens 
column, the hundreds column, and so 
on. In each column, the bottom tube 
represents zero, the second tube repre- 
sents 1, the third tube 2, and so on to 9. 

To make things even easier, there is a 
neon light in front of each tube which 
goes on when that tube is in the “indicat- 
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ACCUMULATOR of the Eniac computer operates on zontal rows ) . Letters M and P at left stand for minus and 
the decimal system* It has a “memory” of 10 digits [hori- plus. Number indicated hy neon lights is 2,693,102,484. 


ing” state. Only one tube in each colmnn 
can be indicating. If the number is 5,- 
384,293,768, tube 5 will be excited in 
the first column, tube 3 in the second 
column, and so on. If the number stays 
put for a few seconds (which in practice 
it does not, except during demonstrations 
of checkups) it is quite easy even for the 
untutored to read the number written on 
the wall. 

The Emac has 20 such accumulators, 
which occupy about half of the ma- 
chine’s total space. Thus it can store just 
20 numbers (of 10 digits each) in its 
“electronic memory.” At least one of the 
accumulators will be m use at any given 
moment in a dynamic way—either send- 
ing out the number which it has been 
bolding or receiving a new number. The 
new number may come into a blank ac- 
cumulator, on which it registers, or it 
may come into an accumulator which 
already holds a number. In the latter 
case, the new one is automatically added. 

And here, at a flash, we see the ma- 
chine’s wonderful possibihties. An accu- 
mulator can absorb a 10- digit number 
(adding it, if necessary, to its existing 
contents) in just one five-thousandth of a 
second. Or, to use the kind of time unit 
whidi is more suitable to this discus- 
sion— in 200 microseconds. 

One peculiarity of the high-speed cal- 
culators is that it takes no more time to 
do the most elaborate addition than the 
simplest. The Eniac needs as long to add 
1 and I as to add two full 10-digit num- 
bers. In fach ^ accumulator gets its 


maximum workout when it is required 
to subtract 1 fiom 1. Since it works in 
one direction only, it cannot simply go 
back one step from 1 to zero. Instead, 
the minus 1 is set in as 9,999,999,999, 
f.c , 10 billion minus 1. It tlien adds 1 
to 9,999,999,999. 

^ In performing this addition, the ma- 
chine functions as follows . A single pulse 
of electi'icity representing the number 1 
goes into the units column At the first 
tube position it finds that a free path 
exists for it to go to the second tube. 
There, also, the gate is open, and so on 
through successive tubes to the top of the 
column. The impulse travels to the tube 
that represents number 9 The “flip-flop” 
circuit at 9 position has been m the “on” 
condition. At this point three things hap- 
pen; First, the impulse turns the top 
tube to “off,” clearing away the 9. Sec- 
ond, it continues to the next tube posi- 
tion, representing zero, and switches that 
to the indicating condition. The units 
column now reads zero, as it should. But 
if you were doing this mentally you 
would say “zero and one to carry.” To 
correspond to this, as the third step the 
activation of zero causes a single pulse 
to he carried to the tens column. Here 
the pulse runs through precisely the 
same routine, finding its way up the col- 
umn to change the excitation from 9 to 
zero^ and sending a carry into the hun- 
dreds column. This is repeated until the 
entire array has been changed from 
9,990,999,999 to 0,000,000,000. The 
machine, doing it the, hard way^, has car- 


ried out the calculation 1 minus 1 equals 
zero. 

Suppose the number to be added is 
1,000,000,011. Then single pulses will 
enter at the same time into the units 
column, the tens column, and the bil- 
lions column. After each one runs 
through its cycle, another timed signal 
comes along which instincts each col- 
umn to yield its “carry” signal, if it has 
one in store, to the column on its left. 

What about multiplying and dividing? 
These could he done, and in some cal- 
culators are done, by lepeated addition 
and subtraction. Multiplying S2 by 7 
simply means setting up the number 52 
and adding 52 six times. Similarly, divi- 
sion IS repeated subtraction. There ai*e, 
however, some short cuts. Eniac uses a 
built-in multiplication table. This is 
wired up to give immediately the prod- 
uct of any two digits. The sums of all 
the products are then fed into an accu- 
mulator and added up. By this method 
the entire multiplicand can be multiplied 
by one digit in the time corresponding to 
one addition. The complete multiplica- 
tion of a pair of 10-digit numbers can be 
accomplished in 1/350 of a second. 

Any numerical computation, whether 
it deals with an equation or a table of 
numbers, can be reduced to a succession 
of the basic arithmetical operations. 

Erdac was designed for a specific pur- 
pose. The Ordnance Department needed 
firing tables— a different one for every 
new kind of gun, and for every different 
size and shape of shell. The Army had 



ELECTRONIC TUBES are the counting units of the site page represents a tube. There are 10 columns of 10 
Eniac accumulator. Each light of the panel on the oppo- tul>es. Bright tubes at right and bottom are auxiliaries. 


large numbers of skilled mental laboiers, 
sitting at desks with their lingers punch- 
ing the keys of office-type adding and 
computing machines, figuring out the 
necessary tables. It took such a person 
i20 homs to work out tlie trajectory of a 
single shell, making allowance tor air re- 
sistance and the many other factois. 
Eniac does the same thing in half a min- 
ute. The implications of such speeds for 
the remote conti'ol of guided missiles are 
evident. 

Although Eniac was a tremendous 
success m its way, opening the path to 
all-electi'onic conii^utation, nothing ex- 
actly like It will ever be built again. It 
has serious limitations. Chief among 
them is a vast discrepancy between the 
speed with which it can compute and 
the time it takes for it to become aware 
of the problem and to spell out its an- 
sweis. 

For a given kind of problem, it must 
be instructed by plugging in wires and 
setting switches— both of them manual 
operations that go at the poor speed of 
human hands. In addition it has so many 
components that there are numerous 
sources of malfunction requiring elabo- 
rate maintenance routines. Another limi- 
tation, which became evident to its de- 
signers even while it was being built, is 
tlie limited electronic memory and the 
large space required for storing numbers 
m electronic tubes. The tubes require 
120 kilowatts of power, and another 20 
kilowatts is needed for the blower equip- 
ment to take away the heat in the tubes. 


This led to the conclusion tliat the use of 
100 tubes to spell out a 10-digit number 
IS wasteful of space and power 

There is a way to make a memoiy 
composed of electronic tubes more com- 
pact. The IBM Selective Sequence Elec- 
U'omc Calculator in New York is an ex- 
ample, The machine deals with 14-digit 
numbers On the Eniac principle each 
number would require 1,400 double 
tubes. This machine gets by with 560. 

( In both the Emae and the IBM machine 
theie are various auxiliaiy' tubes to con- 
trol the circuits, but these are ignored 
here.) This is done by modifvmg the 
decimal system, using a hybrid called 
'‘binary decimal 

Any number from zeio to 9 can be 
represented by only four tubes, provided 
each tube has a numerical value asso- 
ciated with its position in the group, and 
provided that more than one of the 
group can be “on” at the same time. The 
values chosen are 1, 2, 4 and 8. Thus: 

1 is represented by tube 1. 

2 is represented by tube 2. 

3 is represented by tubes 1 and 2. 

4 is represented by tube 4. 

5 is represented by tubes 4 and 1. 

6 is represented by tubes 4 and 2. 

7 is represented by tubes 4, 2 and 1. 

8 is represented by tube 8 

9 is represented by tubes 8 and 1. 

0 is represented by all tubes off. 

This system of binary-decimal digits 

is applied not only to electronic tubes 
but also to banks of relays and rolls of 
paper tape, which provide a vast storage 


of nimibers and sequence instructions. 
At the input and output connections to 
tlie external world, the machine has an 
automatic device for translating between 
tlie decimal system and the binaiy-deci- 
mal. 

In many cases there are good reasons 
for sticking to the decimal system, at 
least as far as the machine’s external 
relations are concerned. One very prac- 
tical reason is that the IBM calculators 
and the Eniac weie built to receive their 
problems from tlie punched holes of 
standard IBM cards. IBM’s newest cal- 
culator, the Type 604 mentioned earlier, 
employs the hinaiy decimal system, four 
tubes per digit in connection witli stand- 
ard punched caids that are completely 
read and processed at the rate of 100 
per minute. 

The decimal system is also desirable 
wherever the machine must handle large 
amounts of “outside” numerical mate- 
rial. Thus it will probably continue to be 
used in any “business” type machine 
which handles accounting problems, in- 
ventories, tax computations, or in any 
“scientific” macliine which deals witli 
statistical material. One of the most ad- 
vanced calculator designs— the Univac, 
being built by the Eckert-Mauchly Com- 
puter Corporation for the use of the 
Census Bureau— also will operate on the 
decimal system. 

On the other hand, when the Eckert- 
Mauchly group got orders for a com- 
puter to do engineering problems where 
the prime purpose was to solve equa- 
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CODED PULSES are fed into the Eniac machine by cycling unit. Charac- 
teristics of pulses may he observed on the face of the cathode-ray tube at the 
top. A four-peak signal is shown on the tube. Key to code is in the center. 



TABLE OF FUNdlONS is used as an Eniac auxuiliary. Numerical values 
reprea^t^ <iuantities that change in r^ation to each other may be set up 
on table, are fed into machine at appropriate points in a problem. 


tions, it was designed for the binary 
system (hence the name Binac— binary 
automatic computei ) . The calculator be- 
ing built at the Institute for Advanced 
Study, in Piinceton, for theoretical analy- 
sis of problems in mathematical physics, 
weather foi coasting, and other problems 
of that nature, also will work on a pure 
binaiy system. 

Binary Numbers 

The binary system permits the ‘‘on- 
ojff” kind of memoiy to be used with 
100 per cent efficiency. As long as we 
have no special reason foi compiomising 
with the decimal notation, we can have 
our tubes signify 1, 2, 4, 8, 16, 32, 64, 
128, 256, 512, 1,024, doubling at each 
stage, as fai as we like. Any intermediate 
number can always be assembled by ap- 
piopiiate combinations of the tubes. 

At this pomt we find that we no longer 
need the decimal notation at all. There 
IS another notation which seives the pur- 
pose better. The binary system of num- 
beis leally reqmies only two symbols, 
which are usually written as 0 and 1. 
Let us first compaie it with the above list 
of doubling numbci s . 


Decimal notation 
0 
1 
2 
4 
8 

16 

32 

64 

128 

256 


Bmaiy notation 
0 
1 

10 

100 

1,000 

10,000 

100,000 

1,000,000 

10,000,000 

100,000,000 


One inference is obvious at a glance. 
To multiply a number by 2, just add a 
zero. Or, m a machine, shift the columns 
one step to the left. Thus multiplying 
becomes as easy as adding. 

Now let us see how the other numbers 
fit in. We will take just the fiist few 


Decimal 

3 

5 

6 
7 
9 


Binary 
11 ' 
101 
110 
111 
1,001 


Thus it is clear that every number can 
be represented by some combination of 
the two symbols 1 and 0. The presence 
of one or the other constitutes a binary 
digit. The phrase binary digit has been 
abbreviated in a new term— “bit,” a 
rather neat usage because it is essen- 
tially a bit of information. In the binary 
system we need 10 bits to represent 
a decimal thousand, 20 bits to represent 
a million, 30 bits to represent a biUion, 
and approximately 33 bits to represent 
the ten-biUion figure of an Eniac accu- 


mulatoi. It takes only one electiomc tube 
to represent a bit Thus 33 tubes do the 
work that in the Eniac requiies 100 and 
in the binary-decimal system would re- 
quire 40. 

In addition, binary notation thrives on 
the simple contrast of two alternatives— 
the ultimate in mterchangeabihty and 
transportability The 1 and 0 we have 
used in the above explanation can be 
translated physically, and without any 
further coding, into all sorts of inter- 
changeable effects— spatial, electrical, 
magnetic. For example, 1 may be repre- 
sented by an electric pulse and 0 bv the 
absence of a pulse, 1 by magnetic north 
and 0 by magnetic south, and so on. 

Any such lepresentation may be used 
as long as it is consistent and inter- 
changeable As a magnetized tape passes 
under a coil, the presence or absence of 
a magnetized spot is converted into the 
presence or absence of an electi'ical sig- 
nal, which in turn can be routed to an 
electronic tube. If there is a signal 
(meaning 1) the tube can be flipped 
from a 0 position to a 1, or from a 1 to 
a 0. The beauty of the binaiy system is 
that addition of a digit always means a 
simple reversal of the condition of the 
'‘memory’"— adding a pulse where theie 
is none, or wiping it out if theie is one 
(converting 1 to 0) . 

Logic and Conliol 

The next step is the realization that 
the binary system does not merely apply 
to numbers. It applies to logic. For 1 
and 0, we can substitute “yes” and “no ” 
Thus, for example, a binary machine 
may be adjusted to deal with double 
negatives, making “no” and “no” add up 
to “yes.” The vacuum tube lends itself 
especially well to acting out such logical 
concepts as “and,” “or” and “neither.” 
To illusti'ate the idea of “and,” a four- 
element tube has two grids that act as 
“gates” controlling the current from grid 
to plate. If both of them are normally 
held at a strong negative voltage, cur- 
rent can flow only if both are turned 
positive by an incoming signal. Signals 
on each are a “necessary” condition for 
any current to come out of the tube; 
neither alone provides a “sufficient” con- 
dition. On the other hand, external cir- 
cuits can be so arranged that a signal 
from either one of two sources will make 
the tube conduct; such an arrangement 
carries out the idea of “or,” since one 
source or the other will suffice 

Such electronic gates are at the heart 
of the traffic and control systems of the 
high-speed calculatois. Each gate may 
have one, two, or more locks, requiring 
certain simultaneous conditions to be 
satisfied before they will permit the ma- 
chine to proceed to the next step. 

The speed of the electronic tube is the 
key to the speed of the new calculators. 
We have already seen that the tubes are 


used m tlnee ways, first as a memory 
device which can receive and hold num- 
bers; second, as an arithmetical unit; and 
thud, as a gate for directing the flow of 
electi'ical traffic to different parts of the 
machine in accordance with instruction 
signals. Vacuum tubes have a fourth im- 
portant function in making the calcula- 
tors possible, they are employed, some- 
what as in radio and television sets, to 
amplify worn-out signals that have lost 
then sharpness and strength, reshaping 
them as good as new 

Of the four functions, the least effi- 
cient is the one described at the begin- 
ning of this article— storage. And that is 
because it takes the length of a wall to 
store any appreciable quantity of num- 
bers, whether the tubes are used 10 to a 
decimal digit, or four per decimal digit, 
or even one per binary digit. For leally 
large-scale computations, machines need 
a memory that is both more compact and 
more capacious than any that can be 
achieved with electronic tubes. 

One recourse is to have the machine 
print out partial answers which can then 
be fed back into it— or other machines— 
when needed. The IBM Selective Se- 
quence Calculator makes considerable 
use of this method. As the machine solv^es 
some mathematical function, the result- 
ing table of values is perforated m a 
coded set of punched holes on a wide 
roll of heavy paper, not unlike an old- 
fashioned player-piano roll. This is 
mounted on an anangement of cyhn- 
ders and pulleys. Later, when the ma- 
chine is ready to refer to the table, it 
“looks up” the proper constant by letting 
the paper run through it until it finds the 
appropriate value. On a similar princi- 
ple, the machines can have a virtually 
infinite memory capacity in the form of 
punched cards, but the speed of this 
method is limited by the slow rate at 
which the machine reads the cards— 100 
cards per minute. 

To get to another order of magnitude 
for compactness and speed of memory, 
designers have turned to methods other 
than perforated paper. Among them are: 
magnetic tape, photographic film, 
charged cathode-ray-tube surfaces and, 
most remarkable of all, columns of mer- 
cury in which niimbeis are stored in the 
dynamic form of waves moving at the 
speed of sound. 

Magnetic tape, the same kind now 
coming into favor for recording the 
sound waves of radio programs and dic- 
tating machines, is being used widely in 
machines now under construction: both 
the Edvac and the Univac will make im- 
portant use of it. Its advantage is com- 
pactness: a one-inch strip of eight-milli- 
meter tape can hold 800 distinguishable 
“spots” of magnetization— carrying as 
much information as an entire IBM card. 
Besides^ as users of tape-recording equip- 
ment know, the magnetization can be 
applied at high speed, can be read back 


just as fast, and can be erased more 
easily than a blackboard. 

Another experimental approach is 
through electrostatic storage. The princi- 
ple starts with the cathode-ray tube that 
forms the viewing screen of both radar 
and television sets. The memory that 
such tubes have for a picture can also 
be used to store patterns of electrical 
charge. The idea is attractive because 
the “reading” of stored numbers can be 
done very quickly by means of a beam 
of electrons. RCA engineers have built a 
tube for the purpose called the Selec- 
ti'on, with a mesh of wires built m to 
control the area on which electric charge 
is deposited, and this is one of the ele- 
ments under test for the computer being 
built at the Institute for Advanced Stu- 
dy. A new British calculator at Manches- 
ter Univ*ersiy uses a regular television 
tube, with dots on its face for zero and 
dashes for 1. The U. S. Bureau of Stand- 
ards has plans for employing the same 
device. 

But what really seems to symbolize 
the speed of the modern computer is the 
new tendency to resort to memorv’-in- 
inotion through the use of the mercury 
column. 

Pulses in Mercury 

Mercurv’ memory came out of war- 
time radar. One tactical difficulty with 
radar was the fact that an enemy plane 
could not well be distinguished against 
a solid background. It could conceal it- 
self from the radar eye by hiding in front 
of a mountain as w^ell as behind it. Engi- 
neers reasoned tliey could get around 
this difficulty if they could find some 
automatic way of canceling out a fixed 
echo and showing only those received 
from a moving object. This was finally 
accomplished, toward the end of the 
war, with a devnce called the delay line 
The idea w’^as to make an echo signal 
travel tardily within the set so that the 
following echo, amving perhaps a thou- 
sandth of a second later, would overtake 
it. If the two matched, they would can- 
cel each other out. Thus echoes from 
fixed terrain w^ould not show. But if the 
echoes came from different places, as 
they would from a moving airplane, both 
of them would appear on the face of the 
oscilloscope. 

One of the best means of delaying 
such a signal was found to be an “acous- 
tic” line in which the signal would gener- 
ate a ripple in a tube of liquid mercury. 
Traveling in the mercury at the speed 
of sound, the signal would come out at 
the far end an appreciable interval after 
its entrance. The exact period of delay 
could be adjusted by changing the tem- 
perature of the mercury or the length of 
the path through it. For example, at 65 
degrees Centigrade ripples travel through 
mercury at a mile a second. In electronic 
matters, where most events occur closer 
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to ths lS6,000-mile-pei -second speed of 
light, this IS slow 

In the Bmac now being completed by 
Eckert-Mauchly, an 18-inch column ol 
meicm'y maintained at 65 degrees pro- 
vides a "delay of 336 microseconds. Since 
successive pulses in this machine are 
separated bv only one quarter of a micro- 
second, this delay means that at any 
gi\'en moment the 18-iiich length of mer- 
cmy has in storage foin times 336, oi 
1,344 binaiv digits. For convenience of 
executive administration, this is divided 
into 32 “woids/' each containing 30 
binary digits, a pulse space foi plus or 
minus sign, and 11 more unu§ed spaces 
( or time intervals) to separate successive 
words. 

The mercmy tube is the kind of 
“brain” m which information is supposed 
to go in one ear and come but of the 
other. An electiical signal arriving at tha 
delay line causes a quartz crystal to ex- 
pand by the well-known piezoelectric 
effect, The crystal pushes against the 
mercmy, and a npple runs through 
faster than the eye could follow. Aftei 
1/3,000 of a second it arrives at the fai 
end, presses against another crystal, and 
generates a new electiical impulse. This 
is built up in an amplifier and fed back 
into the front end again. The cycle re- 
peats 3,000 times a second. Thus the 
digit goes around and around, and would 
do so just about forever if notlimg inter- 
vened. At the desired moment, however, 
an electi'onic gate opens in the amplifiei 
to switch the signal into some othei cir- 
cuit— the electronic adder, for example 
Or the signal can be erased, simply by 
instiucting the amplifier not to amplify 
at the moment when the signal comes 
around. 

At the present writing the most popu- 
lar system for calculating ifiachines is 
based on the mercury ripples, supple- 
mented by electronic computing circuits, 
magnetic wire or tape for intermediate 
and erasable memory, punched cards or 
paper tape for a still more permanent 
library of memories and accumulated 
answers, and automatic printers for 
spelling out the answers. 

Future Applications 

What does this all mean in practical 
terms, for today and tomorrow? How 
will it affect business, government, mili- 
tary affairs, science, and mathematics 
itself? 

It is tempting to make grand generali- 
zations. The writer is indebted to Samuel 
N. Alexander, chief of the Bureau of 
Standards^ electronic computer section, 
for a rath^ hardheaded appraisal of 
some real prospects— puipos^ fpr which 
various branches of die government are 
submitting their bids to be among the 
first to get such machines. » 

First, th^ is the matter of enormous 
numbers qf routine substitutions m iot- 


muLis All impoitant example, aside 
tiom the mission oi wnngmg more le- 
sults horn the figures of the 1950 census, 
IS the adjustment of maps. Many nations 
may be coireetly mapped, but two ad- 
joining countiies aie likely to have a dis- 
crepancy of seveial feet at then mutual 
boundaries; the corrections requne a 
tremendous number of sepaiate calcula- 
tions, and both the Army Map Seivice 
and the Coast and Geodetic Suivey 
would like electionic assistance. 

Secondl}', there are elaboiate engi- 
neering computations which now reqiiiie 
enormous effort— for example, a room- 
ful of people spending more than a year 
and a half checking stress estimates to 
transfei a design horn a model to a full- 
size ail-plane This kind of thing, along 
with many problems in hydrodynamics, 
supei sonic an plane characteristics, and 
so on, can hencefoith be relegated to the 
computing machine. The slowness of 
ordinary computation was partly respon- 
sible for the fact that no U S. bomber 
flew m the last war which had not been 
designed before the war began. This lag 
should be greatly reduced by the new 
computers. 

Thirdly, theie is a group of uses that 
have to do with “piogram procedure.” 
What is the best way to distribute avail- 
able manpowei, funds, equipment, and 
so forth, to maximize a particular effect 
or to minimize cost^ For example, the 
armed foices can make up vaiious menus 
winch will satisfy the soldier's needs for 
calories, vitamins and minerals. But each 
food item also has various such qualities 
as perishability, compactness and cost. 
How can you meet the dietary require- 
ments with minimum cost, minimum 
shipping weight, or minimum time of 
delivery? Normally the mathematical 
labor in figuring out the advantages of 
every possible combination is too great, 
so only a few combinations are studied 
thoroughly. 

Fourthly, since the digital calculator 
IS essentially a logical machine, it can 
make all sorts of quick decisions that now 
require an alert and hard-pressed human 
being. The Air Navigation Development 
Board is considering the use of comput- 
mg machines at airport contx’ol towers to 
relieve the traffic control men of many 
elementary, stereotyped decisions. And 
the Research and Development Board of 
die National Military Estabhshment lias 
a committee at work considering how 
electrical computers can be rigged to 
play out war games. 

In the present state of world affairs 
military applications are still uppermost 
in the thinking about calculators. The 
last war undoubtedly stimulated the de- 
velopment of these machines, and the 
threat of renewed war is a continued 
stimulant. It seems that electronic com- 
puters, ^sadated vvith radar, wdl be the 
main defense agMst high-gpeed bomb- 
ei;s, tradking di^pin|)er guiding the 


anti-aircraft missile to a collision comse. 
And futiiie long-iange offensive missiles 
will most likely radio back what position 
infoimation they can gather, and have it 
processed in a home computer, out of 
which radio-tiansmitted answeis will 
give the missile its mstiuctions foi fui- 
ther navigation. 

Should the war clouds dissipate, the 
cleaied an would show the electronic 
brains contiibutmg mightily to the ad- 
vance of science and the efficiency of 
both business and government. They 
may even offer a technical means of 
contiibuting to world peace by helping 
to make world government piactical. 
The “cuise ol bigness,” which has at- 
lected big corpoiations and big govern- 
ments alike, is very hugely due to the 
difficulty of any small group ol men 
knowing what is going on in a vast and 
lai -flung entei prise. The tiouble with 
planning is that the planners cannot 
know all the facts bearing on then plans, 
much less have they the time and ability 
to figure out all the consequences that 
will result from one oi another com-se 
of action. These considerations have 
brought about a feeling foi an optimum 
size for any single administi ation, 
wliethei government or business, be- 
yond which the opei ation gets too un- 
wieldy to compete with smaller, better 
integiated units. The electiomc com- 
pute! s or ini Ol Illation processing systems 
may well move that* optimum size up- 
ward. 

Though they leplace othei kinds of 
human mental effoit, the mathematical 
machines will never replace the mathe- 
matician, Ivlore mathematicians will be 
needed, but the nature of their work will 
be changed. As theoi*etical physicists 
make ever more geiieial equations ex- 
pressing the basic foices of the universe 
with fewer and fewer symbols, their ab- 
stractions get ever farther from the nu- 
merical values of the laboratory experi- 
ment and ordinary life. Even Albert 
Einstein is not free of this difficulty. His 
approach toward a unified field theory, a 
generalization into which relativity fits 
as a part, may or may not be correct. 
Emstem does not know. The trouble, he 
once told the waiter, is that “tremendous 
labors of the most brilliant minds, pos- * 
sibly for several generations, will be 
needed to translate die general theory 
into specific cases which can be tested 
by experiment.” Perhaps the new com- 
puters, like the one being built by 
Einstein s colleagues at the Institute for 
Advanced Study, will help to shorten 
this labor, and dius allow investigators 
of the mysteries of the universe to test 
their own theories to determine whether 
they are on the right track. 


Harry M. Davis was author of Radio 
Waves and Matter, which appeared in 
the Septemher issue of this magazine. 
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INDICATOR LIGHTS of IBM Selective Sequence Cal- be added to indicate any number from zero to 9 Colimin 

dilator depict binary decimal counting system. Four at left notes plus or minus. Each of 19 other cohmins is 

lights in each column represent 1, 2, 4 and 8. These may one digit. Number is -^3.141592653589793238, or pi. 


fiLECTRONIC-MEMORY SECTION of the Selective of the 24 tubes indicate the digit by system outlined 
Sequence machine is an array of tubes. Each of the pan- above. Remainder control route of signals through cal- 
els that contains 24 tubes represents one digit. Four culator. Twelve-tulie panels are auxiliary control units. 
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Submarine Canyons 


Cut into the drowned shelves of the continents are some 
of the world’s deepest gorges. A California investigator 
describes his work and its bold geological implication 

by Francis P. Shepard 


AN EXPLORER who undertook a 
uk walking trip on an ocean bottom— 

if such a maneuvei were possible 
—might well need mountain-climbing 
equipment. He would find some ot the 
undersea terrain as lugged as any on 
dry land, in an extended tup he would 
encounter deep valleys, tall mountains, 
sheer rock clifts. Not the least astoiiisli- 
mg of his experiences would be the dis- 
covery of vast submarine canyons, rival- 
ing in size and steepness the famous 
Grand Canyon of the Colorado River. 
Large canyons aie known to exist off the 
shores of every major continent. They 
are particularly surprising to geologists 
because there is nothing in traditional 
geological knowledge oi theory that ex- 
plains clearly how they could have been 
foiTiied. 

The undersea canyons have the same 
character as tliose on land: they are deep 
valleys with high steep slopes and a nar- 
row floor. The erosion process that 
creates canyons on land is well under- 
stood. Once started, a canyon deepens 
at a rate which to a geologist, used to 
dealing in changes requiring milhons of 
years, is truly stupendous. In deposits of 
sand, gravel or volcanic ash on a steep 
slope, a stream has been known to cut a 
canyon 100 feet deep within a single 
generation. Canyons 1,000 feet or more 
in depth are believed to have been cut 
into the sides of some mountain ranges 
since the retreat of glaciers of the last 
great Ice Age, that is, in the past 10,000 
to 25,000 years. 

But how can one account for the cut- 
ting of steep-walled canyons in a sea 
floor a mile ot more under the surface 
of the ocean? The running water that 
cuts valleys into the land slopes loses 
its velocity when it flows into a standing 
body of water such as an ocean. Since 
the ocean water is heainer, die fresh wa- 
ter from the land stays on top and flows 
slowly out over the. ocean surface. Some 
explanation other than river flow into 
die sea must be sought for the ocean 
canyons. 

The most obvious suggestion is that 
they were cut by streams at a time when 
the oceanic slopes were above watex. 
The necessary dianges of water level 
would be no greater man those inyolved 

, . , ,, , 


m the elevation of the major mountain 
langes of the woild, all of which aie 
believed to have been below sea level 
at one time. There are objections, how- 
evei, to this explanation. Mountain 
ranges, which show signs of gieat rock 
defoimation, presumably accompanying 
the great uplifts that pioduced them, are 
limited to certain regions of the eaith, 
wheieas the submarine canyons are 
known to he virtually world- wide. They 
even cut deeply into the submaiine 
slopes off areas which geologists believe 
to have been geologically stable for very 
long periods, and they exist in oceanic 
regions where broad shallow shelves 
bordering the coasts testify to countless 
millennia of wearing away of the lands 
by waves at approximately the present 
sea level. Moreover, canyons are found 
not only off the borders of continents but 
also on the submarine slopes surround- 
ing oceanic islands such as Hawaii. An- 
othei objection to the river-erosion hy- 
pothesis is that the only available evi- 
dence concerning the time of origin of 
the canyons appears to confine them to 
very late geological time, roughly the 
last million years. Many geologists have 
been unwilling to believe that during 
this period the earth’s surface has un- 
dergone an all-inclusive revolution such 
as would be required to account for the 
cutting of these canyons by rivei erosion 
and their subsequent submergence by 
the oceans. 

A number of other hypotheses have 
tiierefore been advanced Thus it has 
been suggested diat the sea canyons are 
due to deformations of the earth crust 
such as those which produced Death 
Valley or the Dead Sea Valley, or to 
submarine springs that might flow out 
with such force on the ocean floor as to 
produce excavations; or to the great sea 
waves that follow some of the submarine 
earthquakes; or to currents of muddy 
water which it is thought might flow 
down the oceanic slopes just as rivers 
flow down the land slopes. 

Many geologists have felt that these 
hypotheses should be tested by marine 
investigations rather than by philosophi- 
cal arguments. At the Scripps Institution 
of Oceanography investigations of sub- 
marine canyons have formed a. consider- 


able pait of the research piogram for 15 
yeais. This woik has been assisted great- 
ly by grants fiom the Geological Society 
of America and in lecent years by funds 
horn the immense lesearch activities of 
the U. S. Navy, made available through 
the Office of Naval Research, the Hydro- 
graphic Office and the Bureau of Ships 
undei contract with the University of 
California. The results of these mvesti- 
pitions have provided the only detailed 
information concerning the exact char- 
acter of the canyons. Since it is obvious- 
ly necessaiy to know what it is that we 
are tiymg to explain before testing the 
hypotheses, we shall first desciihe the 
findings ol some of the Calilorma investi- 
gations. 

A S it happens, the Scripps Institution 
- of Oceanography at La Jolla on the 
California coast is located directly inside 
the branching head of a submarine can- 
yon. This convenient location has pro- 
vided a remaikahly fine opportumty for 
canyon investigation. It is possible to 
walk out on the pier at tlie Institution, 
get into a boat and be at work over the 
canyon within 20 minutes. 

The canyon has two principal 
branches, known as La Jolla Canyon and 
Scripps Canyon, and many small tribu- 
taries. It has been explored by many dif- 
ferent methods Extensive depth meas- 
urements, repeated at periodic time 
intervals, have been made along the 
canyons and ranges. Many samples of 
the bottom have been taken, some of 
them with laige dredges which dug rock 
fiom the ledges on the sides of the 
canyon. The bottom currents have been 
measured. Sediments moving along the 
bottom have been collected by means of 
traps. And the shallower portions of the 
canyons have been explored directly by 
divers. This provided a splendid oppor- 
tunity to take photographs showing de- 
tails of the remarkable topography of the 
underwater canyons in this area. 

Scripps Canyon, the northern branch 
of the valley, has been found to have 
terraced slopes with an inner gorge re- 
sembling, on a somewhat smaller scale, 
the tributary canyons that enter the 
Grand Canyon of the Colorado. A sec- 
tion of the bottom of the Scripps gorge. 












MONTEREY CANYON has a deep tributary which edge of the water in this drawing. The walls of the can- 

heads in Carmel Bay. The tributary canyon is a continn- yon appear to be of gramte. Samples taken at a depA of 

ation of the flat-bottomed river valley extending to the one mile in the ocean show sand and gravel on its floor. 
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showing the base ot tlie rock clifts on one 
side .and the flattish surface of the mass 
of sediment which has accumulated on 
the canvon floor, is showm in the photo- 
graph at the bottom of page 43 The 
diver who took this photograph walked 
over the floor and climbed out of the 
inner gorge along a little tributary i avine 
that led to the teirace above. Walking 
along this terrace, he found anothei 
ravine that terminated as a hanging 
valley on the face of the clifll:. Exactly 
conipaiable canyons are found ashoie in 
this axe a. » 

The walls of the inner gorge of La 
Jolla, the southern bianch of the can- 
yon, are made of unconsolidated allu- 
vium (stream deposits) instead of rock 
as in die Scripps branch. They are al- 
most as steep, however, as those cut m 
the rock. Numeious gully like tributar- 
ies were discovered and followed by the 
diver. The descriptions and pictures of 
these showed features remarkably simi- 
lar to the valleys cut into the same sort 
of material on shore Faither out from 
shore. La Jolla Canyon was found to 
have rock walls, but no indication of 
veitical cliffs has been discoveied there 
as yet. 

A nother Califoima canyon that has 
L been extensively studied beads into 
Monteiey Bay. This canyon can be 
.traced outward to depths of Lvo miles 
below sea level. In one place a cross sec- 
tion of it proved to be closely similar to 
that of the Grand Canyon. Monterey 
Canyon has a large tributaiy that enters 
Carmel Bay. Detailed soundings of this 
branch showed diat it is an underwatqr 
continuation of a land canyon of the 
same ty^e (drawing on page 41), The 
walls of the submarine section of the 
Cannel Canyon are of granite, and the 
same type of rock was found on one wall 
of the main Monterey Canyon. The floor 
of hlonterey- Canyon has a variety of 
deposits. Rounded gravel was found in 
one core sample out in depths of about 
one mile. Elsewhere sand was found at 
various depths. Since gravel and sand 
are considered to he deposits of shallow- 
water origin, these canyon-floor deposits 
may have, considerable significance. 
Currents measured on the floors of the 
canyons off the California and New Eng- 
land coasts proved to be weak eddies 
which flow slowly up and down the can- 
yons, reversing direction in many cases 
at intervals of an hour or less. No evi- 
dence has been found to indicate that 
these currents are strong enough to he 
capable of even removing the sediment 
that is^ being carried out into canyon 
heads by wave action. So much sedi- 
ment is carried intq the canyon heads 
thah if nothing interfered, the inner por- 
tions of the canyons would be largely 
filled in a few hundred years- R^^ted 
exact measurements of the profiles 
across the canyon heads revealed why 


the caiiN- ous have not been filled up. It 
was found that the fill on the canyon 
floor IS at least partially flushed out 
fiom time to time by large landslides or 
mudflows. The slopes of the canyon 
axes are sufficiently steep so that such 
slides are by no means surpiismg. In 
some cases where pieis have been built 
out into the heads of canyons, the slid- 
ing of the bottom material towards the 
outei canyon has removed the support 
tiom the piei pilings and caused the 
ends of the piers to collapse. 

The piecedmg description is based 
entiiely on work m the California can- 
yons, which have been particularly well 
exploied, but there is no leasoii to be- 
heve that these canyons are unusual. The 
available information indicates that 
coastal submaiine canyons are virtually 
the same the woild ovei. Therefore we 
aie piobably not making a mistake in 
applying this localized infoimation to a 
general analysis of the canyon problem. 

Applying the knowledge obtained 
horn the Calif orma investigations, let us 
considei the various hypotheses sug- 
gested foi the foimation of submarine 
canyons. Fust, the theoiy that they were 
ci eated by rifting oi faulting of the earth s 
Cl list IS unsatisfactory foi many reasons, 
it is not now seriously considered by 
geologists Typical fault valleys, such as 
Death Valley, have relatively straight 
walls and broad, flat floors. They lack 
the branching tiibutanes, the V-shaped' 
cross sections and the winding courses 
that t)’pih' both the submaiine canyons 
and the land canyons. 

If submarine springs were important 
in the formation of canyons, there should 
be many deep basin depressions along 
the com’ses of the canyons and tliey 
should have walls consisting ta a consid- 
erable extent of cavernous limestones. 
Nothing of this sort has been found in 
the exploration of submarine canyons. 
Furtliermoie, the conditions allowing 
active submarine watei circulation ap- 
parently do not exist in most areas wh^re 
submarine canyons have been found. 

The great sea waves, known popularly 
as tidal waves and by scientists as 
tsunamis or seismic sea waves, have a 
poweiful erosive effect on the shores 
that they strike at rather rare mtervals. 
According to long-established laws m 
wave mechanics, however, the violence 
of these waves must decrease rapidly 
'svith increase in depth, so that only ex- 
tremely small currents could be expected 
at the great depths to which submarine 
canyons have been traced. Moreover, 
the canyons represent depressions in the 
sea floor, whereas tidal waves are kno^vn 
to produce their maximum effects on 
underwater elevations and minimum ef- 
fects in depressions. As a clmching fact, 
in the belts where tidal waves are most 
common, submarine canyons are rare. 

The idea that muddy water can run 
down stthmarine slopes and cut canyons 


has been held by a considei able number 
of geologists In fresh-water lakes, cur- 
lents of muddy watei aie known to flow 
down the fronts of deltas being built up 
by rivers. These cuiients, known as den- 
sity currents or more pioperly as suspen- 
sion cunents, are due partly to the gx eater 
density of the coldei watei* of the entei- 
ing iiveis and paitly to the sediment 
load they cany. Yet eyen m lakes the sus- 
pension cunents fail to pioduce erosion 
They inhibit somewhat the deposit of 
sediments on the deltas, liiit the shallow 
channels that lesult from this slowei rate 
of deposition aie a fai cry from the 
submarine canyons thousands of feet 
deep which are cut into solid rock. And 
m the ocean, as we have noted, the in- 
flowing nvei water is not heavier but 
lighter than sea watei , so it does not flow 
down the slopes. 

E aie thus left with only one hy- 
pothesis, namely, that the areas 
wheie the canyons aie found were once 
above watei and weie eroded by riveis 
in the same way as the pie sent land can- 
yons. Theie aie many reasons for believ- 
ing that livens tu*e the cause The almost 
perfect lescmblance between the river 
canyons of the land and those of the sea 
flooi IS a powerful argument by itself. 
The extension of the heads of a considei - 
able niimbei of submaiine canyons into 
the long arms of the sea at the mouths of 
riveis IS inexplicable under any hypoth- 
esis except that ol iiver eiosion, as even 
the authors of othei hypotheses admit. 

Perhaps the stiongest evidence is the 
fact that many of the largest submarine 
canyons are found off the mouths of 
large rivers. Foi example, the largest 
canyon in the Gulf of hlexico is located 
off the Mississippi Delta. One of the 
largest canyons off the U. S, West Coast 
lies directly off the mouth of the Co- 
lumbia River. A huge canyon extends 
into die bay at the mouth of the Congo 
River in west Africa, and canyons aie 
found off the deltas of the two larg- 
est livers of India, the Ganges and the 
Indus. 

If the liver-erosion hypothesis is cor- 
lect, there has been an enormous sub- 
mergence of the borders of the conti- 
nents in what is considered geologically 
as a relatively recent peiiod. Hence one 
should expect to find many other indi- 
cations of this submeigence besides sub- 
marine canyons. This expectation is defi- 
nitely fulfilled. For example, off southern 
California there is a senes of islands 
separated from the mainland by wide 
channels from a thousand to several 
thousand feet deep. Among the animals 
on these islands aie such mammals as 
foxes, which could scarcely have crossed 
the intervening water areas. Many of 
these island animals are slightly different 
from their mainland relatives, and are 
therefore classified as endemic species 
or subspecies. Their special characteris- 




tics indicate that they have been sepa- 
1 ated from the mainland populations foi 
a considerable period, piobablv many 
thousands of yeais If these islands once 
had land connections with the mainland, 
as the piesence of the animals indicates, 
the land elevation required would be 
sufficient to support the theory that the 
submerged canyons off southern Cali- 
fornia were cut by riveis. 

Dredgings from banks and sea moun- 
tains with summits thousands of feet 
below the present sea level have yielded 
lounded cobbles. Clearly this rounding 
must have taken place when these deep 
submaiine mountains were exposed to 
the full force oi breaking waves. Less 
diiect evidence comes fiom the deep, 
flat-topped sea mountains, or guyots, 
which have been found in large numbeis 
m the Pacific and less commonly m the 
Atlantic. These flat surfaces suggest that 
the tops of the mountains were once at 
or near the surface so that their peaks 
were woin oil by waves oi, m the case 
of some of those found in the tropics, 
became the site of coral-bank formation. 
There is as yet no good evidence of the 
age of these banks. 

Another type of evidence of great 
submeigence, which may oi may not 
have any i elation to submarine canyons, 
has been found m the coral atolls. In all 
of these in winch deep diillings have 
been made, the material underlying the 
atolls has been lound to contain shallow- 
water organisms very like those now 
found eithei in the encii cling reefs oi 
in the lagoons within the leefs. 

In view of the accumulating evidence 
of gieat submergence which is so clearly 
indicated by the woi'ld-wide distribution 
of the submarine canyons, we are 
forced to conclude eithei that this evi- 
dence is all very misleading or that tre- 
mendous changes have actually taken 
place. It is possible that all or most of 
these changes have been due to shifting 
sea levels. To be sure, it is difficult to 
find any way to get rid of the vast 
amount of sea water that is demanded 
by a subsidence of the oceans of such 
dimensions. Could the glaciers of the 
Ice Age have been big enough to take 
cai-e of a large part of the oceans by 
piling up the water on the land to the 
height of many miles? Most geologists 
doubt it. Yet even this radical idea may 
prove to be the explanation. Alternative- 
ly, one might conceive that the conti- 
nents and ocean basins have undergone 
vast shifting movements that temporar- 
ily exposed the margins to river erosion. 
Tlie implications of these ideas are revo- 
lutionary. They may lead to radical 
changes in supposedly well-estahlished 
geological concepts. 


Francis P. Shepard is professor of 
submarine geology at the Scrinps 
Institution of Oceanography^ 



CLIFF cut into an alluvial formation at the head of La Jolla Canyon is almost 
vertical. This photograph and the photograph below were made by a diver ex- 
ploring bottom under direction of the Scripps Institution of Oceanography. 



ROCK WALL of the Scripps Canyon is photographed from the canyon floor. 
At the bottom of the photograph is an accumulation of kelp and eel grass. 
The round holes which appear m the rock were made hy horing organisms. 
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How the imaginative Hellenic philosophers found 
the solar system and then lost it is one of the 
enthralling stories of early scientific thinking 

by George de Santillaiia 


T he Gieeks aie a fascinating people 
to study because they were ingen- 
ious. As scientists they possessed 
little equipment except their imagina- 
tion, logic and vast curiosity; with these 
gifts they managed to clear away much 
of the rubbish of primitive mythology 
and begin man s first intelligent and sys- 
tematic thinking about the universe. And 
of all episodes in tlie protracted but ex- 
citing birth of science none is more en- 
lightening than the curious stoiy of the 
Greeks’ attempts to explain the asti*on- 
omy of the Eaith and its companion 
solar system. 

The study of astronomy did not, of 
course, originate with the Greeks. The 
Egyptians and Babylonians had mapped 
the heavens and even charted the courses 
of the planets, but they were observers 
rather than analysts; they were content 
to describe the heavenly sphere as a 
canopy of fixed and moving stars with- 
out troubling themselves about the 
mechanism that regulated it. The Gieeks 
from the start tried to explain, or, as 
they said, to 'render account.” 

Curiously, until the Homeric period 
and even beyond it they ignored the 
planets, the “wanderers.” Unlike the 
men of the East, who were searching for 
signs, the Greeks were immune to astrol- 
ogy until very late in their history. They 
brought to the skies the practical inter- 
est of farmers and sailors. They used 
the stars for navigation, and they knew 
from the rising and setting of the con- 
stellations the times for sowing and for 
harv’est, foi setting out to sea and for 
putting up then boats. Their earhest 
efforts to account for the cosmos were 
naturally in terms of mythology. From 
Erebus—Darkness or Old Night— were 
born Aether and the Day. From Chaos 
were bom the Eaith and Eros, the most 
beautiful of the gods. The Earth bred 
the Mountains, the Sea and Uranus, the 
Sky. TTie mating of Earth and Sky pro- 
duced the first mortals— the Titans and 
Cyclops^ Other early seers pictured the 
Earth as a great Tree of Life Eoating in 
the skies, decked with the shmiug mantle 
of die starry ni^t; still others spoke in 
colored words of the great E^ from 


which all things weie born. These poetic 
explanations weie not very different 
Horn the Hindu cosmologies, which held 
that the Earth was boine on the backs 
of great elephants that stood on the 
back of a turtle swimming in the univer- 
sal sea. Such was the normal thinking of 
all antiquity as it emerged from its pri- 
meval dreams. 

The first assay at a rational theory 
was made by the sage and statesman 
Anaximander, who in about 550 B.C 
suggested tire daring idea that the Earth 
was at the center of the world, poised in 
a void, because, as he said, there was no 
reason for it to fall one way more than 
another. The great ideas that were to 
shape Greek astionomy and mathe- 
matical physics were formulated half a 
century later by Pythagoias and liis 
pupils. They aigued that the stars 
obeyed the laws of numbers and that 
their courses must satisfy the require- 
ments of geometrical beauty. All heaven- 
ly bodies must move in perfect ciicles 
at a uniform rate, for that was the only 
motion befitting their eternity and per- 
fection. 

T he wild, free imaginations of the 
Pythagoreans helped to liberate and 
stimulate Greek thinking about the “cos- 
mos”— meaning beautiful order. To one 
Pythagorean, Okellus of Lucania, we 
owe the prophetic idea that “the stars 
must be worlds like ours with ammals 
and plants on them and possibly even 
people.” The century or so after Pythag- 
oras’ death harvested some of the great- 
est discoveries of the Greek mind: Hie 
creation of logic, the corroding criticism 
of the Sophists, the subtle paradoxes of 
Zeno explaining continuity and the rela- 
tivity of movement, the theory of a world 
made up of nothing but “atoms and the 
void/’ 

By Socrates’ time, about 450 B.C., 
Philolaus the Pythagorean had come for- 
ward with the first coherent theory of 
planetary motions. Philolaus introduced 
the idea that the planets moved across 
the heavenly sphere in a sense retrograde 
or contrary to that of the sphere as a 
whole. His scheme pictured the Sun and 


the planets i evolving in concentric cir- 
cles beneath the heavenly canopy. 

Combining sound scientific reasons 
and metaphysical intuition, Philolaus re- 
sisted the impulse to put the Earth at the 
immovable centei of things. He found it 
unthinkable that our messy Earth should 
be at the center of all this perfection. 
Only pure Fiie, of the same nature as 
the heavenly Fire, was a fit center for 
the cosmos, and the Earth, like the other 
planets, i evolved aiound the Central 
Fire in a period of 24 houis. As a body 
in the heavens, wheie roundness is the 
lule of perfection, the Earth of course 
was round, as Pythagoras had suggested, 
and this explained the roundness of its 
shadow in eclipses of the Moon. 

Yet there was a flaw in the perfection 
that had to be explained. In the Pythag- 
orean arithmetic, the sacred number was 
10. Even including the Earth as a heav- 
enly body, the cncles in the system 
added up to only nine. Hence the Py- 
thagoreans had to postulate the existence 
of an additional planet, closer than the 
Earth to the Central Fire and similarly 
endowed with a period of 24 hours. 
The Earth always showed the same face 
to the Central Fire, and since this face 
was the antipode to the inhabited side of 
the Earth, both the Anti-Earth and the 
Central Fire were invisible to us. 

Such was the strange mixture of sci- 
ence and fantasy that constituted the 
first human attempt to picture the solar 
system. Some of Philolaus’ immediate 
successors seem to have tried to reduce 
the system to greater scientific simplicity. 
But even with its modifications the Py- 
thagorean system, m all its perfect 
roundness, did not fully convince the 
Greeks. They had observed, for instance, 
that the Sun and the planets did not 
move uniformly in perfect circles. Un- 
able to bring themselves to abandon the 
symmetiy of the circle, they attempted 
to rationalize the problem. Thus Plato 
put the question in this form: “What are 
the circular and perfectly regular move- 
ments which we should suppose so as to 
be able to save the appearances pre- 
sented by the wandering stars?” En- 
deavoring to answer his own question. 



he built one of the most fascinating and uniform components. One was a 24-hour Sun, which in turn i evolves around tlie 

complicated models that a metaphysi- lotation of the skv as a whole; the other Eaith. This theorv, however, left the be- 

cian could imagine, mixing up astionomy three were equivalent to a lenimscate havior of such a* planet as Mars iinex- 

with his theoiy of the soul (shaped like the hguie S King on its plained We do not know \\4io tackled 

side) earned around on the plane of that more difficult problem, but it seems 

M eanwhile, professional mathe- the zodiac. This figuie-S tiack accounted to have been the Pvthagoieans of that 

maticians among Plato s friends for all the vaiieties of the obser\ed time Their idea was this: Mars moves m 

sought a puiely mathematical theoiy to planetaiy movements, but his “homo- an orbit eccentiic to that of the Eaith, 

account for the planetary movements. centiic” system as a whole, consisting and its greatest splendor occins when it 

The gieatest of them was Eudoxus, the of five planetaiy s\ stems of spheres that is m opposition to the Sun and nearest to 

author of the fouith book of Euclid and fitted inside one another, defied any the Earth Because the oppositions of 

famed for his mtioduction into geometry mateiial repiesentation, foi the 24-hour Mars do not always take place in the 

of what we now call mathematical iigoi. revolution of the skies could not be same section of the zodiac, the center of 

Eudoxus knew that the planets desciibed tiansmitted mechanically to the mner its oibit must shift around (veiy much 

paths upon the sky that looked moie like spheies. as a cam re\olves on a camshaft in a 

the curlicues of a cosmic Saul Stembeig Anew idea was needed. That idea was modern machine). The center of Mars’ 
than like precise geometneal drawings. supplied by a philosopher little known eccenti’ic mbit seemed to be always in 

He set out to master the pioblem by an to us but highlv esteemed among his the dhection of the Sun. Why not, then, 

expenditure of geometrical ingenuity contemporaries— Her aclides of Pontus. identih this center with the Sun itself*^ 

that lias rarely been equaled. His sys- He noticed that Mercury and Venus, un- And it Mars, as well as \>nus and Mer- 

tem, when he completed it, had no re- like the other planets, have a sti’ange cuiy% moved around tlie Sun, why not 

semblance to any mechanical model ever habit of never getting very far fiom the the other planets too. even if their eccen- 

made on earth. The movement of each Sun. Pie suggested, therefore, that those tncities were less observable? 

planet was composed of four cucular, two planets actually revolve around the The soloi* system— or rather, a solar 



PTOLEMY’S SYSTEM, depicted here in a medieval 
drawing, had Earth at its center with other planets an 
Sun circling it. In successive orbits outward are t re 


Moon, Mercury, Venus, the Sun, Mars, Jupiter, Saturn. 
Though not quite satisfactory, this scheme seemed to 
account for observations of planet motions in the sky. 
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PHILOLAUS’ SYSTEM, first attempt to explain the CRYSTAL SPHERES theory, sugoesteci later, held that 
universe, showed spherical Earth revolving around the Sun and planets were carried on revolving, trans- 
Central Fire, with Anti-Earth I Antichthon) to round parent crystal shells, whicli turned in concentric circles 


out perfect Pythagorean number of 1C 

system— had been born. Of course it was 
a solar system in which the Sun still re- 
volved around the Earth, The system did 
not look very rational on .it cer- 

tainly did not look elegant enough to 
satisfy the Greek instinct for symmetry 
The system was tangled up in a confused 
mesh of movements, the inner planets 
described epicycles centered in the Sun, 
tlie^outei ones, eccentrics which threw 
loops around the Earth. The whole thing 
was distasteful to the oflftcial schools of 
philosophy and to the mathematicians. 

Yet the problem was ripe for a simple, 

, daring answer, and the Greek imagina- 
tion did not fail to find it. The answer 
was suggested by Aristarchus of Samos. 
The apparent difference m the orbits of 
the inner and outer planets, he said, is 
simply one of obseiwation. The inner 
planets clearly revolve around the Sun; 
the orbits of the others are less clear only 
because their radii are greater than the 
distance of the Sun from the Earth. Aris- 
tarchus had calculated by geometrical 
methods that the diameter of the Sun was 
about six to seven times as great as that 
of the Earth, wbidi meant that the Suns 
volume was some 300 limes that of the 
Earth. Even without any knowledge of 
gravitational dynamics, it must have 
seemed unnatural that the larger body 
should revolve around the smaller one. 
What if the distance of, the Earth from 
the Sun is really the radius of the EmKs 
orbit not the SunV Then^ said Aristar- 


heavenly bodies. around the Earth 

chus, the Earth would find its natural 
place as a planet between Venus and 
Mais, where we would expect it to be, 
Simphcity is regained, common sense is 
re-established, and theie is nothing but 
a series of concenti'ic circles around tire 
Sun, with only the Moon left revolving 
around the Earth. 

S O HERE was the Copernican system, 
published in the year 270 B C., 18 
centuries befoie Copernicus. Had the 
Greeks accepted it, no one can know 
what die consequences might have been 
—for science, for politics, or for Christi- 
anity. But Ai'istarchus bad made his sug- 
gestion at the wrong time. If the limpid 
Pythagorean concentric circles had still 
been considered adequate, Greek astron- 
omers might have given in. But they 
knew already that the circles could not 
be as concentric as the Pydragoreans 
had supposed. New observations had 
changed die shape of the orbits. 

To begin with, it was now realized 
that the distance of the Sun from the 
Earth was not constant, for measure- 
ments had shown that the apparent 
diameter of the Sun varied with the sea- 
sons. Furthermore, the orbits of the 
planets had been found too erratic to be 
described by perfect concentric circles. 
Above all, an apparently conclusive ob- 
jection was voiced by Archimedes, a 
ybpnger contemporary of Aristarchus. 
Arehim^es liked to ded with big mim- 


as the center of the entire system. 

beis, and he had noticed, as had most of 
his contempoiaries, that the univeise of 
Aiistarclius needed very big numbeis in- 
deed : it had already beeii estimated that 
the distance of the Sun from the Eaith 
was ceitainly greater than 14,000 earthly 
diameteis. If the Eaith described so 
large a cucle around the Sun, then at 
different places in its orbit small shifts 
in the lelative positions of the fixed stars 
should be obseived. But no such shifts 
could be detected. This is not surpiising, 
for the Greeks bad no instiument capa- 
ble of ‘ measuring these tiny displace- 
ments. The paiallax of the nearest visible 
fixed star, Alpha Centauri, which was 
not measured until 1830, is only ,756 
seconds of arc. 

Aristarchus actually guessed the rea- 
son for the failiue to detect these shifts: 
namely, the great distance of the stars 
from us. He said: “The circle of the 
Earth’s orbit is so small with respect to 
the sphere of the stars that the whole 
orbit IS in the same relation to the heav- 
enly sphere as the center is to the circum- 
ference.” Archimedes, making no effort 
to understand what Aristarchus could 
have meant by this statement, dismissed 
it as nonsense, on the ground that a cen- 
ter obviously could have no dimensions. 
The idea of a solar system lost in the im- 
mensity of the heavenly void was unac- 
ceptable to his Greek sense of fitness and 
proportion. Why postulate this unheard- 
of, absurd infinity? Infinity was a concept 









EPICYCLE THEORY was devised to explain varying 
distances of planets from tlie Earth. As they traveled 
in their main orbits, called '"'deferents,” the planets also 
revolved in the shifting smaller circles called epicycles. 


ECCENTRIC SYSTEM was another attempt to solve 
same problem. It accounted for the retrogression of the 
planets, but it dissatisfied many of the Greeks because 
it displaced the Earth from the exact center of the circle. 


abhorrent to the Greeks, tJiey identified 
it with something that was not good 
enough nor formed enough to have a 
shape and a definition. Aristaichus’ guess 
was too inci edible to be accepted by 
Greek opinion of the time. 

Aristaichus had just come too late. 
The great creative period of Greek 
tliought was over. The last Pythagoreans 
had become numerologists and magic- 
mongers. The most popular schools of 
philosophy— the Stoics, the Epicureans 
and the other moralists— had little intei- 
est in science. Their teaching was aimed 
mainly at helping men to save then self- 
respect 111 an increasingly meaningless 
world. Great kingdoms had been born 
from Alexander’s conquests. Oppressive 
state machmeries and tlneatening world 
wars duected men’s thoughts to the only 
reasonable hope— the One World idea of 
the time. It was soon to come, in the shape 
ot tlie Roman Empiie, and with it a fro- 
zen stillness, the absolute zero of thought. 

T here was still, of comse, good 
special science. Greek antiquity had 
its equivalent of Tycho Brahe, the great 
16th-century observer whose observa- 
tions provided the foundation for Kep- 
ler’s laws of planetary motion. He was 
Hipparchus of Bithynia, who came a 
century after Aristarchus. He set up a 
catalogue of 1,120 stars, observed the 
first certified nova in history, invented 
the first trigonometry, built an instru- 


ment (called the dioptra) which was 
something like a modern transit without 
a telescope. He restricted himself to 
making observations for a more precise 
description of the Earth-centered sys- 
tem. He seems to have had a working 
scientist’s distrust for aU philosophical 
assumptions. If you had asked him 
whether the system was “true,” he would 
have answered, with slightly raised eye- 
brows, that the question made no sense 
—all that counted was that it “worked.” 

And work it did, at the price of further 
and further compheation. By the time of 
Ptolemy, the last great ancient astrono- 
mer (140 A.D.), all pretense of sim- 
plicity had been abandoned. Yet the 
unwieldy complexity of the Ptolemaic 
system should not obscure the strictly 
scientific nature of the work on which it 
was based. When we are tempted to 
smile at the Greeks’ epicycles, we should 
remember that in oui- astronomical the- 
ory we are using not a baker’s dozen of 
them, as the Greeks did, but hundreds 
and thousands. They are tucked away in 
a Hne of calculus, under the name of 
periodic terms— which apparently makes 
them less embarrassing. 

The Greeks had a clear idea of the 
task of mathematical analysis, even 
though they had only one instrument 
with which to implement it— simple 
geometry. What they were able to ac- 
complish with their little circles can be 
seen by comparing the modem data for 


the greater semhhxes of the planetary 
orbits, that is, the maximum distances of 
the planets from the Sun, with the cor- 
responding numbers in Ptolemy. In the 
Ptolemaic system these computations are 
expressed as the ratios of the radii of the 
epicycles to those of the deferents. The 
comparative figures, with the Earth’s 
greater semiaxis taken as one, are: 


Mercury 

Modem 

0.387 

Ptolemv 

0.37l' 

Venus 

0.723 

0.719 

Mars 

(1)0.656 

0 658 

Jupiter 

(i)0.192 

0.192 

Saturn 

(i 10.103 

0.108 


The Ptolemaic system remained frozen 
for 14 centuries, until Copernicus, re- 
discovering and drawing upon the then 
dim traditions of Aristarchus and the 
earlier Pythagoreans, found the courage 
to challenge it. Copernicus’ theory also 
might have been sidetracked, had not 
Galileo come along to confimi it with his 
telescope and his system of dynamics, 
which had its origin in his rediscovery 
of Archimedean mechanics. So the solar 
system, once found and lost by the 
Greeks, was found again. 


George de Santillnna is associate 
professor of history at the Massa- 
chusetts Institute of Technology. 
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TITANIUM: A NEW METAL 


Neai'ly as strong as steel but only half as heavy, 
it will soon join iron and aluminum, metallurgists 
believe, as one of the three most important metals 


by George A. W, Boehm 


T itanium is a rather common ele- 
ment that has been known for more 
than 150 yeais. It is the ninth most 
abundant element in the earth’s ciust— 
more than 20 times as common as car- 
bon, more plentiful than lead, copper, 
tin and half a dozen other metals com- 
bined, outianked among the metals only 
by aluminum, ii*on and magnesimn. Yet 
as a useful metal titanium has been dis- 
covered only within the past decade. 

It now seems to be on the threshold of 
a brilliant career. Pme titanium is a sil- 
very metal which looks and behaves 
like stainless steel, but is httle more than 
half as heavy. It is much lighter than 
iron, much stronger tlian aluminum, al- 
most as rustproof as platinum. Although 
it IS not pieeminent in any single quality, 
it combines the best features of many 
metals; like an Olympic decathlon cham- 
pion it is outstanding in all-round ability. 
The metal has certain drawbacks: it will 
never be as cheap as steel, and its re- 
fining, casting and fabrication present 
difficulties. But its combination of light 
weight and strength and its exceptional 
resistance to corrosion make it ideal for 
a great variety of uses, from pen points 
to engines and aircraft frames, hletallur- 
gists and engineers believe that titanium 
will soon become one of the world’s most 
important metals. 

Titanium is a “new” metal because it 
has only recently been refined sufficient- 
ly to reveal its properties. It is still being 
produced only on an experimental basis, 
at the rate of a few hundred pounds per 
day. But the metal is under investigation 
m some 100 laboratories, and the in- 
vestigators are almost uniformly en- 
thusiastic about its possibilities. Their 
studies of course include the alloying of 
titanium with other metals. Smce pure 
titanium is comparable in strength and 
W’earing qualities with stainless steel, its 
alloys should be truly remarkable. 

Titanium will not replace iron or alu- 
minum, but it will bodge the gap be- 
tween them. The three metals wiU form 
a oomplementiny trio. Iron and steels 
are strong and cheap, but not light. Alu- 
minum afioys are light and cheap, but 
not particularly strong. Titanium alloys 
will be light and strong, hut not cheap. 


Thus titanium will be leserved foi the 
many applications m which its excep- 
tional combination of qualities out- 
weighs puce considerations. 

T itanium was discoveied m 1791 
by William Gregoi , an English 
clergyman and amateur chemist, who 
identified compounds of the metal m the 
black sands of Cornwall. A few years 
later the German chemist Martin Hein- 
rich Klaproth, now famous as the dis- 
coverer of uianium, lediscovered Greg- 
oi ’s element m an ore called rutile 
He named it titanium after the Titans, 
who in Greek mythology were the sons 
of the Earth. 

The richest ore of titanium is a black 
oxide mineral called ilinemte, aftei the 
Ilmen Mountains in Russia. Ilnienite is 
also iich in iron. For hundreds ol years 
this ore had been mined in the Ilmen 
Mountains for its iron, the titanium be- 
ing discarded as an unwanted impurity. 
But at about the end of the 19th cen- 
tury the first use was found for the ele- 
ment. The aluminum and steel indus- 
tries began to employ exti*emely small 
amounts of rather impure titamum as an 
alloying ingredient. In this form titan- 
ium was so brittle that it bore a closer 
resemblance to rock than to metal. A 
fraction of one per cent of titanium was 
found, however, to refine the crystal 
stiuctuie of some steels and aluminum 
alloys, thus endowing the metals with 
gi'eater toughness. 

A more important use, which gave 
birth to a new industry, was discovered 
in 1908. Dr. A. J. Rossi of the Titamum 
Alloy Manufacturing Company pre- 
pared some white titanium dioxide 
(TiOo) and mixed it witli vegetable 
oil to make a white paint. He found that 
the compound made an excellent white 
pigment In 1926 a process was de- 
veloped for manufacturing a pure grade 
of titanium dioxide, and industry began 
to take a great interest in the material. 
As a pigment it is outstanding for its 
opaqueness, or hiding power. One 
pound of titamum dioxide will cover a 
larger area than five pounds of lithopone, 
a very good pigment made of zinc and 
barium. Since tiie war titamum dioxide 


has increasingly replaced white lead, 
which is now hard to obtain. 

Titamum dioxide is also useful in con- 
serving paper When impregnated with 
this dense pigment, the thinnest grades 
of paper aie opaque and can be used 
for Bibles and an -mail stationery. Large 
amounts of it aie lubbed into rayon to 
dull its natuial gloss. Today the pioduc- 
tion of titanium dioxide in the U. S, is 
an estimated 225,000 tons a year. The 
material is so impoitant that it has le- 
cently been the subject of an antitrust 
Older by the courts. 

The infant titanium metal industry 
as yet is only a tail on the kite of the 
pigment industiy. Chemists are still 
struggling with the problem ol lefining 
the metal. The mining of titanium ofi:ers 
no paiticular difficulties Rich deposits 
of ilmenite are already being worked in 
New Yoik, Virginia and North Carolina, 
and certain black beach sands in Floiida 
and Oregon are excellent sources of the 
element. Pei haps the most promising de- 
posits on the North American Continent 
are those in the Province of Quebec. 

In theoiy, the refining of titanium is 
simple enough. As worked out by Dr. 
Wilhelm Kroll, a metallurgist from Lux- 
embourg, the process involves separating 
titanium from its accompanying iron m 
impure oxide form, and ti eating it with 
chlorine to form titanium tetrachloride, 
a volatile liquid. This compound is tlien 
mixed in a closed iron chamber with 
metallic magnesium, which because of 
its greater chemical activity preempts 
the chlorine, reducing the titamum to 
the metallic state. The final step is to 
get rid of the magnesium chloride and 
any excess magnesium metal, either by 
evaporating them by heating in a 
vacuum or by washing the mixtm'e with 
hydrochloric acid, which dissolves the 
magnesium. The process yields titanium 
in a gray sponge form, which is then 
melted and cast into ingots. 

In practice, however, titanium refin- 
ing is attended by problems at every step. 
The metal is bard to handle on heating, 
for at high temperatures it becomes ex- 
tremely active. It greedily absorbs oxy- 
gen and nitrogen from the air. And as 
little as one per cent of these gases utter- 



ly destroys the ductility of titanium, ren- 
dering it as brittle as pumice. So at ev- 
ery stage of processing, titanium must 
be protected fiom air, either by a blanket 
of inert gas {e.g , helium or argon) or by 
a vacuum. Moreover, the step in which 
titanium tetrachloride is reduced with 
magnesium presents another difficulty. 
If the temperature is not carefully con- 
ti oiled and kept below 1,600 degrees 
Fahrenheit, the titanium attacks and dis- 
solves the walls of the iron reaction 
chamber. Control of the temperature is 
complicated by the fact that the re- 
action gives ojE a tremendous amount of 
heat, and titanium is a relatively poor 
heat conductor, thus it does not appear 
possible to draw off the heat fast enough 
unless small leaction chambers are em- 
ployed. This will probably restrict the 
production of titanium to 250-pound 
batches, unless a method ladically differ- 
ent from the Kroll process is devised. 

T he most exasperating difficulty of 
all is that of melting the puiified 
metal sponge to cast it. One metallurgist 
who has been struggling with titanium 
asserts that the problem of producing 
the pure metal at low cost is just that 
of melting it cheaply and in large quan- 
tities. Titanium melts at 3,140 degrees F. 
It is melted m an electric furnace, and 
of course must be handled m a vacuum 
or an atmosphere of inert gas. However, 
m its molten state titanium not only 
absorbs niti*ogen and oxygen but dis- 
solves crucibles and furnace hnings 
made of the common lesistant materials. 
Glassy oxide furnace linings such as 
aluminum oxide, which are used to hold 
other molten metals, are ruinous to titan- 
ium. Even the most stable of these ma- 
terials yield them oxygen to the avid 
metal. Current research on this problem 
pomts to dense carbon crucibles as tire 
most satisfactory. Small quantities of 
carbon in themselves do titanium no 
great harm. But since the total amount 
of impurities that can be added to titan- 
ium without seriously impairing its duc- 
tility is strictly limited, another crucible 
material must be used when carbon is 
not to be a final constituent of the titan- 
ium alloy. 

The Battelle Memorial Institute of 
Columbus, Ohio, has developed a tech- 
nique for melting titanium without con- 
taminating it. The crucible is a copper 
hemisphere. The key to the success of 
this method is a bath of cold water sur- 
rounding the crucible. Metallurgists at 
Battelle have found that molten titanium 
does not wet cool copper, it stands aloof 
from the surface of the copper like wa- 
ter on a duck’s back. This method, how- 
ever, has certain difficulties, and some 
metallurgists doubt that its cost can be 
reduced sufficiently to make it generally 
applicable. 

Still another possible crucible mate- 
rial is thorium oxide. Like other oxides. 
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TITANIUM’S PROPERTIES, here compared with those of stainless steel 
and an aluminum alloy, make it an almost ideal metal for most purposes 
Its usefulness will be limited only by cost and some difficulties in productioij. 
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the material contaminates the molten 
titanium, but m this case the contamina- 
tion may prove to be welcome, foi pre- 
liminarv tests indicate that a tiace of 
thorium greatly reduces titanium’s un- 
seemly appetite foi oxygen 

Once it has been melted and cast into 
ingots, titanium need no longei be kept 
in a vacuum. It can without difficulty be 
forged, hot-i oiled, cold-worked, drawn 
into wire, extiuded as tubing, or ma- 
chmed. When it is kept above about 
degrees F , however, titanium 
must be sheathed between sheets of steel 
to keep it from absorbing oxygen and 
mtiogen. In general it is handled like 
other metals; indeed, its mechanical 
properties are so similar to those of stain- 
less steel that it can be fabricated with 
the same equipment with only minor 
adjustments. After prolonged heating, 
titanium acquires an extremely hard, 
black surface scale which must be re- 
moved by gidncling with carbide tools, 
but otherwise it is no more difficult to 
chill and cut than stainless steel. While 
no way has been found to bi aze or solder 
titanium or to weld it to metals other 
than Itself, the metal has excellent shear 
strength Thus titanium rivets are stiong, 
and rivet holes m sheet titanium also 
hold their shape under great stress 
But it IS on titanium’s alloys that 
metallui gists pin their hopes. Theie is 
good reason to believe that these alloys 
wall be as far superior to pme titanium 
as special steels are to iron. The metal 
is presently being blended with virtual- 
ly every other element in the periodic 
table. The results so far are fragmentary, 
but one positive statement can be made* 
alloys for structural use will all be ti- 
tanium -rich, containing not more than 
about 10 per cent of other elements. 
This limit is necessaiy because the duc- 
tility of titanium is so shai'ply reduced 
by any other substance. 

T he. first large-scale use of titanium 
will probably be in the aircraft m- 
dustry. Because the light metals alu- 
minum and magnesium lose their 
strength at temperatures much above 
350 degrees F., aircraft designers must 
, use more and more steel in modern high- 
I speed planes. Yet evei v pound of exti'a 
F weight adds an estimated $25 to $250 
to the fuel cost during the life of the 
plane. Wheiever titanium replaces steel, 
it can cut the weight by 40 per cent. 
On this basis titanium in planes would 
be economical at two or three times its 
present cost. 

Titanium is strong and elastic up to 
about BOO degrees F. Above that ppint 
it weakens rapidly, and prolonged ex- 
posure to teniperatures greater than 
1,000 degrees causes the metal to soak 
up embrittling o^sygen and nitrogen. It 
should be possible, however, to alloy 
titanium so that it will behave bett^ at 
high temperatures. Some success in this 

^ ' 


diiection has ahead) been achieved 
Ironicalh it has been found that ti- 
tanium’s peiformance at high tempera- 
tines IS gieatlv enhanced by alloying it 
with small amounts of aluminum. Ti- 
tanium has a low coefficient of thermal 
expansion— about half that of most 
steels. It also letains its strength and 
flexibility at subzero temperatures, an 
impoitant considei ation in high-flying 
au'planes. 

Titanium has already been suggested 
for a wide vaiiety of otliei applications 
in industiy and consumer goods. Its re- 
sistance to expansion and conti action 
makes it useful for precision parts in in- 
sti'uments, it will stay within pi escribed 
tolerances over a wide tempeiatuie 
range. Because it can be surface-har- 
dened to a lemarkable degree, it is an 
ideal material for spindles in cotton 
mills, where the continuous rubbing of 
thi’ead rapidly erodes most metals ex- 
cept haidened steel, which is heavy and 
consumes a great deal of power Ti- 
tanium IS impervious to the most coi- 
rosive foods— Cider, vinegar, onion juice, 
pineapple juice, lard, tea, coffee, giape- 
fruit juice— and so it is a promising can- 
didate foi pipes and tanks m food pioc- 
essmg plants Many of the sti'ongest 
acids and alkalis, even when hot and 
concenti’ated, have no effect on titanium. 
There is a strong possibility that \is re- 
markable ineitness will make titanium 
suitable as a replacement for bone and 
cartilage in medicine. Seveial surgeons 
aie now testing titanium’s biological ac- 
ceptability by implanting the metal m 
living bodies. If muscular tissue adheres 
to the metal and no initation is set up, 
titanium may replace tantalum and sil- 
\^er for this purpose^ Titanium’s light 
weight should be a great asset in this 
application. 

Some enthusiastic naval officers envi- 
sion an eiithe battleship built of titani- 
um. The Navy is perhaps titanium’s 
most aident admu*er, for the very good 
reason that titanium has a ti'uly amazing 
resistance to salt-water corrosion. The 
results of one experiment show why the 
Navy IS excited. A sheet of titanium was 
hung half-submerged in the ^ocean and 
buEeted by a thin, fast jet of sea water. 
xA.fter two months of this rough freat- 
ment, the titanium was lemoved. The 
e.xperimenters had neglected to mark the 
piece of metal, however, and the titani- 
um was so clean that they u^ere unable 
to tell on which side the jet had played. 
All other metals except platinum and 
Hastelloy C disintegrate during this test, 
and the Na\y is not anxious to rely on 
.Hastelloy C, which is composed largely 
of the cntical metals nickel and chrom- 
ium. 

Alloy research on titanium is ham- 
pered hy uncertainty because of the 
slight impurities present m the “commer- 
cirfly pure” metal. Variatioiis of the 
feoH process followed by melt- 


ing yield 99 5 per cent pure titanium 
But the metal’s pioperties are so gieatly 
alteied by the little lemaining non, man- 
ganese, oxygen, mtiogen and hydiogen 
that metallurgists must turn to an ev^en 
puiei foim in ordei to isolate the eEects 
of added alloying ingiedients. For re- 
search purposes they have lefined it to a 
form known as iodide titanium which is 
more than 99.99 pei cent pure It is 
made by plating titanium from titanium 
iodide vapor on an incandescent tung- 
sten wire. Iodide titanium vanes in price 
fiom about $200 to loughly $3,000 a 
pound, depending on the difficulties en- 
countered in a month’s piocessing. The 
iodide process is important for metal- 
lurgical lesearch, but as an mdustnal 
production method it is out of the ques- 
tion. 

T ITANIUM’S chemical activity is its 
greatest weakness and at the^ same 
time one of its most attractive propeities 
Its suicidal affinity for gases when hot, 
and lor viitually eveiy thing when 
molten, makes titanium mheiently diffi- 
cult and expensive to process On the 
othei hand, its inertness when cool will 
enable titanium to replace aluminum, 
magnesium and even stainless steel for 
many pui poses. 

The eccentiic behavioi of titanium 
can be explained lathei simply It is 
actually an active chemical element, in 



ILMENITE QUARRY of the Na- 
tional Lead Company in the Adiron- 



a class with aluminum and magnesium. 
This accounts for the activity obseived 
when the metal is hot or molten. When 
cooled and exposed to air, however, 
titanium acquires a thin, invisible coat- 
ing of oxide and mtnde which serves as 
an inert, impermeable chemical armor. 
Aluminum and magnesium are pro- 
tected by passive coatings of the same 
type. Since these metals are purified by 
eiectiolysis and in commercial piactice 
are never in the molten state, their 
natural chemical activity poses no prob- 
lem. This indicates that any improved 
process which may be devised for purify- 
ing titanium will be electi'olytic 

E. I. du Pont de Nemours & Company, 
the first industrial organization to pro- 
duce ductile titanium, sells the metal 
111 sponge form for $5 a pound in 100- 
pound lots. Hundred-pound ingots cost 
$7 50 a pound. Even when mass pro- 
duction gets under way, piobably in 
the early 1950s, the price is not expected 
to fall below $1 a pound for many years. 
Kroll process titanium will cost some- 
wheie m the range of 60 cents to $1 25, 
when the metal reaches full commercial 
statuie A standard stainless steel, witli 
18 pei cent chromium and eight pei cent 
nickel, sells for about 35 cents a pound, 
but on the other hand special steels bring 
as much as $3. Titanium's weight advan- 
tage is a vital factor in the pnce picture, 
for $1 titanium will be on a par with 60- 


cent steel. And the fact that titanium 
and iron go hand in hand m nature will 
make it economical to exploit low-grade 
01 es to the advantage of both metals 
Titanium today is in the position held 
by aluminum at the turn of the centuiy' 
Although metallurgists and engineers 
foresee a brilliant future for this new and 
exciting metal, they can no more foretell 
its ultimate applications than men 50 
years ago could predict the use of alumi- 
num m automobile motors and aircraft. 
It is reasonable to assume, howe\ er, that 
in this age of close-knit technology ti- 
tanium will grow toward commercial 
maturity at a far more rapid pace than 
aluminum. The rate of development of 
the titanium industry, compared with 
that of the aluminum industry, probably 
will be pioportional to the development 
of atomic energy compared with the 
sluggish eailv pi ogress in electricit\\ 
Titanium is onl\ the fiist of several 
chemical elements scheduled to make 
then debuts as metals within the next 
few years. Another is zu-comum, which 
is now ready for commercial develop- 
ment, It is heavier than titaniimi, but 
even more lesistant to conosion and high 
temper atuies Boron, vanadium, and 
silicon, the latter the earth s most plenti- 
ful element, also show some promise as 
sti*uctural materials 

All of the new metals have one thing 
in common abundance Their ad- 


vent as useful metals repiesents some- 
thing new in metallm-gy Many re- 
sources of the convenient, easy-to-proc- 
ess metals, such as lead, tm. zinc and 
copper, are running low Faced with 
shortages that were brought to a head bv 
the lavish wartime expenditme of ma- 
terials, we are forced to turn to un- 
faniiliai metals, which are fortunately 
plentiful. 

Much of the development of titanium 
and the other new metallurgical candi- 
dates is due to the foresight of the U. S. 
Buieau of Mines In 1935 the Bureau's 
Metallurgical Dhision undei Dr. Regi- 
nald S Dean embarked on a program 
with two objectives, to develop methods 
of processing low-grade ores, and to 
evaluate the \vorth of abundant but lit- 
tle-known metals This research has al- 
ready accumulated dividends that we 
may be able to begin collecting in the 
near future. 

Among the new metals titanium has 
now arrived, and others will swiftl\' fol- 
low in its footsteps. It is entirely possi- 
ble that in years to come, this new race 
of metals will \aitnally disp os.se ss all of 
today's common metals with the ex- 
ception of aluminum, iron, and mag- 
nesium. 


George Boehm is radio editor of 
the American Chemical Society. 



dack Mountains is one of the chief present soui^ces of also yields iron, which makes its mining doubly 
titanium. The ore is plentiful in the U. S. Ilmenite ful. This mine also produces the rich iron ore 


51 




THE EVOLUTION 
OF SEX 


Has it outlived its usefulness to the species 
Homo sapiens? A biologist speculates on the 
origin and significance of the two- sex system 

by Paul A. Zahl 


T he FIHST living things apparently 
were single-celled microbes that 
floated in Archeozoic seas more 
than a bilhon years ago. Their lives were 
sexless and relatively uncomplicated. In 
an age witliout males or females, lepro- 
duction took place simply by the split- 
ting of the mother cell’s protoplasm into 
two new orgamsms. So far as survival 
through the ages is concerned, this sys- 
tem was highly efficient. The descend- 
ants of diose neuter creatures still exist 
today among such simple organisms as 
yeasts, bacteria and certain blue-green 
algae. 

Sex did not appear on this planet until 
millions of years after life began. And 
the specialized two-sex system was a 
relatively late development. Along the 
way nature has experimented with a rich 
and bizarre variety of asexual, multi- 
sexual and male-female systems. Some 
starfish, for example, may reproduce by 
releasing an arm. There are certain 
moths in which maleness and femaleness 
may exist in a wide graduation of de- 
grees. Many organisms, including snails, 
worms and some fish, are hermaphrodit- 
ic, bearing both male and female oigans. 
There are eels that start life with male 
oigans which are later replaced by fe- 
male ones. Among some worms birth is 
invariably fatal, the motliers nourishing 
their embry^os until then bodies burst. 
Another worm reproduces simply by 
breaking into pieces. There is a marine 
organism, Bonellia, of which the female 
is about the size of a walnut, while the 
male is microscopic and lives inside the 
female’s body. There is a species of Para- 
mecium that has no fewer than eight 
different grades of sexuahty. A riotous 
diversity similarly exists in the plant 
kingdom. The mangrove not only bears 
sexual floxVers but sends out root arches 
which enable it to cover quickly vast 
areas of swampland. The wild straw- 
berry sends forth runners which ^rout 
at properly spaced intervals. Some tropi- 
cal flora drop leaves which, upor^ strik- 
ing the soil, grow roo^ and eventuallv 


turn into new plants. Some of the lowei 
plants exhibit a sexuality describable 
only in various degrees of plusness and 
minusness. 

Why did nature, in the higher ani- 
mals, discard the straightforwaid system 
of nonsexual reproduction? In particular, 
what biological justification is tlieie foi 
the two-sex system, since there are ways 
ol reproducmg without it? The answei 
obviously must be sought in a study of 
the evolution of sexual from nonsexual 
forms. 

The first gieat step toward sexuality 
almost ceitainly was the development 
in simple organisms ol an organized 
nucleus m which heredity-bearing mate- 
rials, that is, genes, were concentrated. 
This crucial innovation appears to have 
occurred somewhere in the taxonomic 
interval between primitive blue-green 
algae and bacteria on the one hand and 
nucleated green and brown algae on the 
other. Primitive— or better— archaic or- 
gamsms showing complete nuclei are 
perhaps best typified today by Chlamtj- 
domonas, a unicellular green alga, or 
Cnjptomonas, a unicellular relative of 
the brown algae. 

A ges ago a cell floating somewhere in 
- the still-warm seas, or secreted m 
some moist rock crevasse, underwent 
mutational changes in some of its genes, 
which resulted in conversion of its gene- 
bearmg vitals into one or more spermhke 
creatures capable of swimming by means 
of whipping tails. Once liberated, a 
spermhke swimmer set out to explore the 
waters surrounding the colony in which 
its parent cell had originated. Finally it 
settled on a ledge or a grain of sand and, 
with tendrils disintegrating, multiplied 
until a new colony had been formed. No 
genetic material was added or subtracted 
during this reproductive process; it was 
wholly nonsexual. But it was a truly pre- 
sexual innovation, and it prospered, pre- 
sumably because it served as an effective 
method for the dispersal of colonies, al- 
lowing the species to Spread over greater 


areas and into more favoiable environ- 
ments. 

The actual beginning of sex came 
when, as the result of anothei series 
of genetic changes, something happened 
in the nucleus of one of the swimming 
microbes, and it was powei fully attracted 
to anothei produced by an alien colony. 
These two cells were the first to recog- 
nize themselves as difleient from each 
othci. They came togethei and fused. 
The two-m-one organism resulting fiom 
this chromosomal marriage divided into 
othei individuals which, alter swimming 
about foi a time, settled down to form 
new colonies. Why the first swimming 
creature did not unite with one of its 
immediate neighbors, but was driven to 
seek a mate from anothei colony, is un- 
known. But the event ceitainly repre- 
sents the first biological instance of se- 
lective fusion, and of its momentous 
corollaiy, sexuality. That this actually 
occurred among the primitive inhabi- 
tants of the young planet is postulated on 
the presexual and sexual behavior of 
many algae that still exist today. 

It should be noted that there were no 
sti'uctural differences among those earli- 
est courting cells. They all looked alike; 
tile difference between the “sexes” was 
simply chemical. But obvious external 
differences, as the final great step m sex- 
ual emergence, weie soon to follow. 
Evidence for this is to be found in algae 
of the Oedogonium type (a genus of 
green fresh-water algae). The female 
cells became larger and less mobile than 
the male, and finally each type came to 
contain half of the species’ characteristic 
number of chromosomes. Union of such 
cells resulted in re-establishment of the 
full chromosome number— a process 
found in all later sexual orgamsms. 
Throughout subsequent evolution, plants 
and tbe animals that evolved later 
came to produce lai-ge, relatively im- 
mobile, nutrient-filled female cells local- 
ized in special organs; small, free-swim- 
ming male cells were similarly housed 
until ready for release. These male and 





female oiganisms laid the foundations 
for the sexual patterns of higher forms 
of life* The end of this evolutionary 
process was the adoption by the highest 
organisms of bisexuahty as the sole meth- 
od of repi oduction. 

T he traditional explanations of the 
male-female pattern are uncon\’inc- 
ing. One of the earliest— and most easily 
disproved— is the anthropomorphic theo- 
ly that the female of the species needs an 
unencumbered male companion to pro- 
tect her and hunt her food during her 
pregnancy. Actually the fact is that the 
pregnant female animal geneially is com- 
pletely self-sufficient, and often has no 
fuither association with the male after 
breeding. Even m as highly developed 
an organism as man, the system of mo- 
nogamy and care of the pregnant female 
by the male is comparatively lecent, 
having sprung more from economo-cul- 
tmal necessity than fiom fundamental 
biological uiges. 

Another theory is that sex is a reju- 
venating device It rests mainly on ob- 
servations of a phenomenon occurring 
in certain single-cell animals. Some pai'a- 
mecia, for example, multiply simply by 
pinching in two. But under adverse en- 
vnonmental conditions the organisms 
may become enfeebled, as indicated by 
their sluggish movements. At this point, 
a type of sexuality appears; one individ- 
ual clings to another, and a partial ex- 
change of chromosomal material occurs. 
Then the two individuals separate and— 
if fresh food is provided in the culture 
medium— begin to divide by the non- 
sexual method again. Immediately the 
old vigor letinns, and succeeding gen- 
erations appear to be haidy and le- 
fieshed. Although a kind of reinvigora- 
tion does seem to occur m a few instances 
and under special conditions, it is not a 
general phenomenon and cannot be con- 
sidered a strong support for the theory 
The sexual episode in these organisms 
may be a means of rejuvenation, but did 
it originate as such? 

The classical experiments of L. L. 
Woodrufl: at Yale University point to a 
negative answer. He found that if para- 
mecia are grown continuously ivith am- 
ple supplies of fresh foods, no such 
jommg-together occurs. More definite 
evidence is supplied by modem studies 
of cells in tissue culture. A tissue cultm*e 
is made by isolating livmg cells and 
nurturmg them in an incubator Each 
cell divides without becoming involved 
in any sexual piocess. A culture of chick- 
en-heart cells at New York^s Rocke- 
feller Institute for Medical Research sur- 
vived in excellent condition for over 30 
years, having multiplied through thou- 
sands of nonsexual generations. Yet 
never once was there evidence of any 
aging or devitalization, so long as ade- 
quate nourishment was provided. Simi- 
larly, cancer cells transplanted from one 
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ORIGIN OF SEX probably occurred in algae. SbowTi here is fusion of cell 
material from two filaments of Spirogyra, an advanced variety of green alga. 
Other lines of sexuality may have evolved in the brown and tlie red algae. 
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mouse to another since the eaily 19C)0s 
have hved thiough many nonsexual 
divisions witli no loss of vigor. Fuither- 
moie, bacteria and the most primitive 
present-day algae have peisisted for 
more than a billion yeais, vigorous and 
essentially unchanged, by the sole use 
of the nonsexual method of reproduc- 
tion. 

M ost biologists today have rejected 
the old theories and concluded that 
sex developed as an evolutionary device 
foi pioducmg adaptive variety among 
hving things. Nonsexual repioduction is 
an enemy of change. Suppose, for ex- 
ample, diat the higher animals had only 
a single sex, and that every individual 
of a species had an identical reproduc- 
tive system m which conception was 
initiated by a germinal cell that passed 
into an incubating uterus. Such a system 
is witlimThe realm of physiological pos- 
sibility, as evidenced by many experi- 
ments in which die ova of rabbits, frogs 
and othei animals have been fertilized 
artificially by chemical means and have 
produced offspring without spemr or 
any male help. With a reproductive sys- 
tem of this kind, each offspring, except 
in rai*e cases, would be an exact dupli- 
cate of its parent. 

Such genetic iiiflexibility obviously 
would have made evolution, on the scale 
that occurred, impossible. The develop- 


ment of sexuality m hving organisms 
produced a method foi the constant mix- 
tuie and lecombmation of different 
genes fiom two paients, thus yielding 
offspimg that could differ in greater or 
lesser degiee fiom their paients. Sexual 
leproduction, therefoie, enormously in- 
creased the differences among organ- 
isms, and continuously pioduced varia- 
tions and new forms that could survive 
in the changing enviionment cieated by 
the vast geological upheavals and altera- 
tions of climate on the earth. 

If the sexual system of lepioduction 
was necessaiy foi evolution, how may 
we e.xplam the original evolution of the 
nonsexual Aicheozoic algae into sexual 
foi ms? 

The answer, of course, is mutation. A 
mutation does not spring from the mere 
mingling of chromosomes, but from fun- 
damental changes in the chemical sti'uc- 
tme of a gene, changes that are trans- 
mitted from generation to geneiation. 
Such stiuctural changes within genes 
may be produced by familiar physical 
or chemical forces. It is known that high- 
energy ladiations from ladioactive ele- 
ments and cosmic rays, which have been 
bombarding the cells of the earth’? in- 
habitants fiom the beginning of time, are 
capable of smashing into dividing chro- 
mosomes and producing disruptions that 
result in permanent mutations. Recent 
woik indicates that many chemicals also 


may pioduce such effects, and that high 
tempeiature may mciease the mutation 
late. Finally, fiagmentation of chiomo- 
soinal particles duiing sexual matuiation 
and a leariangement of the relative 
position of these fiagments may cause 
new .characteiistics to develop m the 
piogeny 

Mutations explain not only the oiigi- 
nal changes in the sexless organisms but 
the development of completely new 
species from sexual oigamsms Normally, 
of course, no offspimg can possess chai- 
actenstics not genetically latent in its 
paients, just as no matter how many 
times one throws a conventional pair of 
dice, no numbeis but those from two to 
12 can come up. But mutations may etch 
new numbers on the dice 

I T MUST be pointed out that the mu- 
tations appear to be entiiely random 
and undirected, only those which have 
a survival value will be passed on. For 
every successful mutation, there have 
been innumerable disadvantageous or 
lethal ones that led to the extinction of 
their beareis. 

Thus, from both inference and experi- 
ment, modem biology has ai rived at the 
following premises: 1) sex oiiginated not 
specifically as a repioductive device but 
as the lesult of many fortuitous muta- 
tions; 2) sexuality made possible the in- 
ter mingling of mutations and variations 



FIRST SHEF toward sexuality was the concentration 
of heredity-h^^ing m to organized naelens^ which 

began to derelop in algae tocli as Osci^oria, siove. 



NEXT STEP came as fhe result of mutations in more 
advance^ algae, here represented by modern Vlothrix^ 
which liberated spermlike swimmers from the cell. 
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Ill one family line with those of another, 
and thereby produced a far widei range 
of varying individuals within a given 
species than would have been possible 
if the species were limited to nonsexiial 
reproduction, 3) wide variations within 
such sexually produced and mutating 
populations allowed maximum advan- 
tage in the struggle for existence. Thus 
the biological phenomenon of sex pro- 
vided one of the keystones for the proc- 
ess of organic evolution 

T hese findings suggest some specu- 
lations concerning the biological 
significance of sex m human beings. 
Man, like other sexually reproducing 
organisms, evolved by means of muta- 
tion, variation and selection He evolved, 
that is, so long as an effective selective 
piocess was operative. But that senes of 
mutations which led him from a primate 
and subhuman existence to subjectivity 
and self-consciousness completely al- 
tered man's evolutionary couise 

Endowed now with unique mtellec- 
tual t^owers and apparent free will, man 
found himself able to establish his own 
values for living. He built a framework 
of etliics, reinforced by a growing con- 
sideration for the integrity and rights of 
Ins brother human beings. In so doing, he 
tended to abandon the suivival-of-the- 
fittest pattern, substituting precepts 
which demanded survival and leproduc- 


tion of the “fit" and “unfit" alike. Human 
history appears to have been one long 
attempt to negate instincts that opeiate 
among the animals With this negation, 
some of the biological urges which moti- 
vated animals decreased in functional 
significance. This applies conspicuously 
to sexuality. 

Indeed, in view of man's ethical and 
religious evolution durmg the last few 
millenma, one is at a loss to find a 
rational biological defense for the two- 
sex system in civilized human society. 
It is difficult to escape the conclusion 
that human sexuality persists as a relic 
of bygone days, when organic lathei 
than psychological and social evolution 
was the keynote of all life. 

It IS only m societies where the “fittest" 
aie selected to pass on their “fitting" 
geim plasm that reproduction by the 
sexual method has a biological justifica- 
tion Chnstianhke ethics tend to \itiate 
the mechanism of selective survival Man 
—so long as he clings to such ethics— 
mav be bioadlv regarded as having 
ceased to evolve organically. He still 
continues to exhibit a normal distribu- 
tion of variations, but by coddling germ 
plasm which in the natural competitive 
state would have been swept to extinc- 
tion, he can no longer take evolutionarx^ 
ad\’antage of normally occurring muta- 
tions and variations. He may continue to 
evolve intellectually and socially, but 


his organic ev^olution via the sexual 
mechanism— again, vvdthin the ethical 
framework described— appears to have 
reached a self-hmiting plateau 

Is it possible, then, that man would 
suffer no real loss, aside from the pleas- 
ures and torments of the flesh, if he le- 
v^erted to the condition of a nonsexually 
reproducing organism^ And what would 
be the scheme of things, if such a physio- 
logical mnacle came to pass^ 

The hedonistic elements of sex, which 
in all ages have helped inspire the arts 
and other phases of civilization, would 
piobably he replaced by equally power- 
ful motives Perhaps some would see a 
great adv^antage in freeing the human 
organism from a jungle-born urge which 
perennially has been a dominant and 
often psychotic force m the minds of men 
and vv^omen. A species of human bemgs 
which was freed of these motivations 
might conceivably be released to accept 
vvath less inhibition or encumbrance the 
challenge of the scientific, social and 
religious aspirations of mankind. 

Is it possible that thoughts of tliis 
nature influenced the early religionists 
m tlieir adoption of voluntary celibacy 
as an aid to inner enlightenment^ 


Paul A Zahl is associate di- 
rector of the Haskins Lab- 
oratories in New York Citij. 



MALE AND FEMALE cells of differing structure per- 
haps first appeared in algae of the Oedogonium type. 
The male cells are smaller and more active than female. 


ADVANCED STAGE in early development of sexual 
fusion among algae is typified by Spirogyra, which 
shows union of cellular material of separate filaments. 
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ON MARCH 16, 1926 Dr. Goddard * 
launclimg frame of the 6r^ liijhiiMM 

of the rocket waa arasoEne osifeftii K. 


The rocket’s motor is at the top ; the fuel and oxygen 
tanks tx'ail behuui it. This arrangement was favored in 
early experiments because it provided greater stability. 




BOOKS 

The notes of Robert H. Goddard, the reticent 
pioneer of high-altitude rocket development 



by Peter van Dresser 


Rocket Development. Edited from the 
notes of Robert Hutchins Goddard by 
Esther C Goddard and G, Edward 
Pendray. Prentice-Hall, Incorporated 
($6.50). 

I N’ the unfolding drama of high tech- 
nology now in progress, rocket pro- 
pulsion, with its ultimate implica- 
tions of extraterrestrial navigation, plays 
a romantic role second only to that of 
nuclear physics. The visions of a coming 
neo- Columbian era of exploration of the 
skies, with which the Jules Vernes and 
H. G. Wellses began to trouble the 
imagination of eaitlilings a generation 
ago, have become a concern of practical 
men. The fiist voyage to the moon is 
now a conceivable engineering poten- 
tiality; the construction of an artificial 
satellite to encircle tire earth in a stable 
orbit is a pioject seriously suggested by 
the Secretary of Defense. 

For most of the first half of this cen- 
tury Robert Hutchins Goddard, the reti- 
cent piofessor of physics at Clark Uni- 
versity, occupied a unique position on 
this frontier. His scientific interest in tlie 
propulsion of jet-engmes to very high 
altitudes was awakened seveial years 
before the first flying machine took the 
air. In 1907 he wrote and submitted for 
publication a paper on the utilization of 
radioactive energy for interplanetary jet 
propulsion. His preoccupation with the 
potentialities of rocket flight continued 
fiom the turn of the century until his 
death m 1945, and resulted m the publi- 
cation of one of the first mathematical 
studies of the subject. His practical ex- 
perimentation in the field led him to 
conceive and construct what is probably 
the first liquid-propellant rocket ever 
flown; the historic flight took place at 
Auburn, Mass., in 1926. His series of 
tests during the 1930s of increasingly 
large and complex machines, financed by 
the Daniel and Florence Guggenheim 
Foundation, formed the most elaborate 
and consistent program of such research 
until the German development of the 
V-rockets of the Second World War. 

During all this period Dr. Goddard 
stood forth as a champion of the embryo 
technique of rocketry and astronautics— 
although he was a somewhat shadowy 
figure to the world at large, due to the 


scarcity of his publications, tlie inaccessi- 
bility of his experiments and his peisonal 
reticence. Despite the spectacular 
emergence of heavier-than-air flight 
from cloud-cuckoo land speculation to 
realit}^ during this period, public skep- 
ticism of the rocketeers persisted, and 
Goddaid’s position was a courageous one 
for a scientist of academic standing to 
maintain. Nonetheless, as a result of his 
standing he was what may be called the 
only ""official” proponent of rocket re- 
search in America, the only scientist 
whose investigations merited the serious 
consideration of bodies such as the 
Smithsonian Institution, of government 
and military officialdom, and of research 
foundations. 

In view of these circumstances, tlie 
meagerness of Dr. Goddard’s written 
work has long been a source of disap- 
pointment to those interested m die sub- 
ject. Unfortunately, the pubUcation of 
the present volume does not dispel tliis 
sense of disappointment. 

For weU over two decades a body of 
international technical hteratoe dealing 
with the thermodynamics of rocket en- 
gines and the ballistics of rocket flight 
has been accumulating. Wege zur Raum- 
schi-ffahrt, the original edition of which 
was published by the Rumanian physi- 
cist and experimenter Hermann Oberth 
in 1923, IS the first and greatest classic 
of this hterature. The broad comprehen- 
sion that this book reveals of the prob- 
lems involved remains today hardly chal- 
lenged. U Astronautique, published by 
the aviation engineer Robert Esnault- 
Pelterie in 1930, is another classic of this 
kind, framed with t\"pically French pre- 
cision and elegance. Dozens of other less 
comprehensn^e books and papers might 
be enumerated, dealing with both theo- 
retical and practical aspects of the sub- 
ject. 

Dr. Goddard’s Qwn first contribution 
to this literature, A Method of Reaching 
Extreme Altitudes, published by the 
Smithsonian in 1919, did not indicate a 
talent mo\ang with ease in the field of 
mathematically controlled speculation. 
This paper, although discussing what 
was then an extremely daring subject— a 
rocket-shot to the moon— confined itself 
to a strictly limited examination of the 
trajectory and mass relations of a smoke- 
less-powder rocket. It reached the con- 
clusion that 600 pounds of explosive 
would be necessary to project a one- 
pound mass to the velocity of escape 
from the earth. Goddard s exercise was 


notable for its Yankee literalness and 
pointedly lealistic approach. 

From such a talent it would be un- 
reasonable to expect an elaborate coii- 
tiabution to the general theory of celes- 
tial balhstics. One would hope to find, 
ho\ve\ er, as a result of a quarter centurv 
ot effoit, some major addition to the 
emerging technology of rocket engineer- 
ing, em'iched bv the knowledge gained 
m a lifetime devoted to the field. 

The present pubhcation does not fomi 
such a document. Compiled by \frs. 
Goddard and G. Edward Pendray from 
Dr. Goddard's notebooks covering sev- 
eral series of tests at Camp De\'ens. 
]Klass. (1929-1930), RosweU, N. M. 
(1930-1932; 1934-1941), and Clark 
University (1932-1941), and with a 
preface by Hany^ Guggenheun, the vol- 
ume presents a mass of minutiae regiird- 
mg the particular aiTangements and 
equipment employed. These details now 
can have only a historical— one might al- 
most say an antiquarian— importance. 

Pubhshed a decade or more ago, such 
data might have been of intense and 
seminal interest to experimenters; todav 
they are nearly valueless. For it is a sad 
paradox that, however clearly Dr. God- 
dard anticipated many of the principles 
embodied in modern rocket technolog\\ 
there is httle evidence that his work 
formed a vital fink in the evolution of 
that technology. German military rock- 
etiy evolved ratlier directly out of the 
activities of the European group wliich 
included Oberth, Esuault-Pelterie, Willv 
Ley, Walter Hohman, Max Valier, 
Johannes Winkler, Eugen Sanger, Franz 
von Hoeft and Rudolf Xebel. American 
rocketry— to the extent that it is not a 
transplantation— is built on tlie accu- 
mulated experience of several research 
groups which had only the most indirect 
contact with Dr. Goddard and his exper- 
iments until the latter years of the war. 
Mr. Guggenheim’s prefatory^ depiction 
of Dr. Goddard as the “undisputed 
father of modem rocketry” can be justi- 
fied only in the sense that he was a sym- 
bol of academic science’s acknowledge- 
ment— however cautious and reserved— 
of the potentialities of the liquid-fuel 
rocket. The psychological value of such 
a contribution may indeed be great, but 
its evaluation is difficult. 

To anyone familiar with the early 
work in rocket development, a reading of 
these notes must convey a strong impres- 
sion of the hampering effect of isolation 
upon the scientific investigato. Tipie 
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and again a familial it}' with the findings 
of othei competent minds would have 
spelled the difiFerence between success 
and qualified failuie in Dr Goddaids 
expeiiments. Despite his remarkably 
complete concept of the anatomy of the 
liquid-fuel high-altitude rocket, gaps in 
his grasp of principles constantly 
thwarted efforts to constiuct and fly a 
reallv successful machine. These gaps 
might easily have been closed by knowl- 
edge affeady in existence 

Foi example, his tests were plagued 
to the last by the limited endurance and 
habilit}' to failuie of his motors. The su- 
preme' impoitance of intensive mtegial- 
wall cooling of rocket chambers and noz- 
zles bv propellants under rapid forced 
circulation had been pointed out by sev- 
eial investigators. They had discussed at 
length the difficulty of developing any 
consti'uction material that would stand 
up m an engine operating at tempera- 
tui es of 5,000 to 6,000 degrees F Oberth 
went so far as to recommend silver walls 
for such combustion chambers, and 
Eugen Sangei, a Viennese aeronautical 
engineer, published a strikingly pro- 
phetic analysis of the heat-flow rela- 
tionships in the rocket motoi and the 
necessary consti’uction specifications and 
design parameters of its cooling system 
He pointed out that such a system must 
be calculated to absorb eneigy of the 
01 del of one horsepowei per square cen- 
timeter at every point on the interior 
surface of the combustion chamber and 
nozzle. Yet Dr. Goddard consistently 
thought of motor cooling as a sort of 
auxiliiuy device He applied coppei or 
aluminum coolant tubes externally to his 
motors, but they weie never formed in- 
tegially into the chamber walls, and 
were usually lefeired to in his notes as 
fuel 01 mtrogen vaporizers. The real 
focus of lus interest, as indicated bv liis 
notes and by bis numerous patents, lay 
in the exact positioning and shaping of 
propellant inlet ports, and he conducted 
scores of tests centeied on this relatively 
unimportant point. 

Similarly, the Goddard motors were 
invariably equipped with long De Laval 
type nozzles with excessive expansion 
ratios, although it had early been shown 
that such nozzles were detrimental to the 
efficient operation of a rocket motor dis- 
charging into the atmosphere. 

Again, Dr. Goddard seemed unable 
to evolve a clear-cut technique for prov- 
ing-stand static tests for the various ele- 
ments in motors and propellant-feed 
systems, although such techniques were 
adopted by all experimenters as soon as 
they began to grapple with the manifold 
problems of rocket development. His 
tests were usually conducted with com- 
plete rockets. There were so many inter- 
acting factors to consider— combustion- 
chamber shape and size, rate of nitrogen 
and oxygen feed and vaporization^ per- 
formance of gas generators:^ turbine and 
punJps, the coordkiatioti of cotnplex eleh- 


tiical and mechanical control devices— 
that the specific causes of failuie in his 
lockets weie usually difficult to detei- 
miiie piecisely. When to these complica- 
tions weie added those arising in the 
couise of flight tests, the task of evalu- 
ating results became vutually dependent 
on intuition. 

Such deficiencies pi evented Dr. God- 
dard fiom achieving a single impressive 
altitude flight capable of convincing the 
layman of the unique capabilities of the 
liquid-propellant rocket, they also pre- 
vented him fiom developing a reaction 
motor which by consistent, efficient and 
duplicable test-block perfoimance might 
have impiessed engineeis 

The dispersion of eftorts of a man 
pressed foi time, sine of the validity of 
his own superabundant ideas and eager 
foi tangible results, may be the explana- 
tion of these chai acteristics of Di . God- 
dard's expeiimental career Yet the 
secrecy which surrounded his work, and 
the intellectual isolation in which it ap- 
pears to have been conducted, pioduced 
unhappy lesults Whatever the cause of 
this secrecy— whether sup ei sensitivity to 
general skepticism, official and academic 
conservatism, oi an awareness of militaiy 
implications— it served only to increase 
lathci than dispel whate\^er auia of the 
fantastic surrounded rocket experimen- 
tation It served also to discouiage the 
growth of an informed technical public 
in this field in the U S And it certainly 
did not prevent Nazi engineers— building 
diiectlv upon the thinking of previous 
independent lesearcheis, few of whom 
were encouraged by officialdom— from 
developing a rocket technology under 
the exigencies of wartime far in advairce 
of anything achieved elsewhere in the 
woild. 

Goddard's career and his frustrations 
may perhaps suggest food for thought in 
connection with the present tiend to- 
ward conti’olled, officially sponsored and 
censored research. 


Fetei van Diesser is a city plan- 
ner, an author of articles about 
rockets and a charter member 
of the American Rocket Society 


J ane's Fighting Ships, 1947-48 The 
Macmillan Company ($20,00) The 
50th issue of one of tlie few publications 
connected witli the art of war that even 
a peace-loving man might enjoy. For its 
amuveisary, the famous fat, royal blue, 
oblong volume is stuffed with some new 
and many dependable old features, ably 
edited by die late Francis E. McMurtrie 
In addition to thousands of photographs 
( the first issue in 1898 had pen and ink 
drawings) and descriptions, including 
‘"some of Russia's submarine fleet, there 
is an index of the major warships of 
the world, 1897' 1947;, an immense ar- 
i;ay of sillaouettes of the world's ‘%oii- 


clads,” 1860-1945, an article on the big- 
gest wai ships evei built, the Japanese 
Yamato and Mtisashi (both destroyed by 
U S. bomb and torpedo attacks) , a sum- 
mary of German, Japanese and Italian 
wai losses, a foreword on future naval 
plans of the majoi powers, with a warn- 
ing that the Japanese Navy, reconsti- 
tuted by us, IS about to arise like the 
Phoenix horn its ashes— thus repeating, 
perhaps, the renaissance, after the 
Tieaty of Veisailles, of the Geiman 
Fleet, and a lemmiscent essay about 
Fied T. Jane by McMuitrie. This amaz- 
ing Biitisher who died in 1916 was the 
son of a vicar, a successful Rugby thiee- 
quartei at Exeter, a lover of eveiy thing 
that floats, the authoi of numeious books 
(such as The Incubated GUI, To Venus 
in Five Seconds, The Violet Flame), the 
conductoi of a column entitled Garage 
Yanis, a candidate foi Paihament on an 
independent “Navy befoie Party” ticket, 
a formidable piactical joker who once 
actually kidnapped an M P to prevent 
him fiom addiessmg a meeting and 
planned “a similar hoax” at the expense 
of Winston Churchill and, finally, ^he 
founder of this admirable senes. Both an 
indispensable woik for professionals and 
a flue book foi occasional leading in 
eveiy room ol the house 

M athematics for the General 
Reader, by E. C. Titchmarsh. 
Hutchinson’s University Libiary, Lon- 
don ($1.75) Professor Titchmarsh, who 
holds the famous Savihan chair of ge- 
ometry at Oxford, has written foi the 
Hutchinson University Libiary series the 
ablest brief popularization of mathe- 
matics since A. N Whitehead's classic 
Introduction to Mathematics. In a small 
volume of 160 pages he provides adults 
who are willing to take thought to the 
subject— more than, say, 15 minutes a 
day— with a lucid, unhurried account of 
the science of number from arithmetic 
through algebra, trigonometiy and rhe 
calculus. The style is easy; the examples, 
having been devised by a first-class 
mathematician, are fresh and unusually 
helpful; the text is guided bv a subtle 
understanding of the difficulties of the 
average educated grownup who rarely 
manages to throw off the trauma of his 
first school encounter with fractions An 
excellent little book. 

T he Naxhng of the Telescope, by 
Edward Rosen. Henry Schuman 
( $2.50) . Who named the telescope? Was 
it Frederick Gesi^ Was it John Demisia- 
Who were the Lynxes? Was John 
Baptist della Porta a liar? Who attended 
the famous banquet in Galileo’s honor at 
Monsignor Malvasia's estate outside the 
St. Pancratius gate? The answers, or at 
least some plausible answers, to these 
major questions may be found in Dr. 
Rosen's small monograph. An almost m- 
cr edible example of academic petit 
point, yet both ingenious and charming. 



Harlow Shapley provides a foiewoid, 
and tlieie are a number of plates and 
illustrations. 

T he Chemistry of Penicillin. 

Princeton University Press ($36.00), 
A monumental report of studies by joint 
British and American research teams to 
ascertain the chemistry of penicillin and 
to devise methods for its synthesis. The 
monograph is a prototype of collabora- 
tion among men, regardless of national- 
ity, in a field fai more valuable than that 
of nucleiir physics— judging by the results 
to date. Though discovered by Alexan- 
der Fleming in London in 1928, this in- 
comparable servant from the plant world 
was not brought into commercial produc- 
tion until 1941, after prolonged research 
stimulated bv the needs of the war. 
Tliroughout the war years further inten- 
sive inquiries .were conducted undei the 
joint sponsorship of the Ofiice of Scien- 
tific Research and Development and the 
Medical Reseaich Council m London. 
By usmg the “synthetic ability of the 
mold,” it became possible to reproduce 
on a large scale what the English chem- 
ist John Read has described as “this 
masterpiece of natural planning in the 
world of moleculai architecture.” As 
nearly everyone knows, penicillin was 
brilliantly successful in the fight against 
die bacteria causing sepsis in wounds 
and against the organisms responsible 
lor many serious diseases, incliidmg 
pneumonia, meningitis, anthrax, gonor- 
rhea and syphilis. Once the organic 
chemist succeeds m a pure synthesis of 
the basic molecule (at least fom- varieties 
of pemcillin aie known to exist), modifi- 
cations of the natural substance may be 
imdertaken to enlarge the lange of its 
antibiotic effectiveness. This admiiable 
volume does honor to the editors, the 
contributois and the publisher, 

T he Alphabet, by David Diringer. 

Philosophical Library ($12.50). A 
lemarkably erudite histoiy of WTiting 
from cuneiform and hieroglyphic scripts 
through the Gieek alphabet and its 50 
descendants. Dr. Diringer s extraordina- 
ly explorations in this labyiinth have led 
him to the conclusion that our own al- 
phabet, with its 26 signs, is a legacy 
from the Etruscans who, in turn, were 
influenced by the Greeks, the Phoeni- 
cians and the Hebrews. The book is 
based upon the author’s Italian work, 
VAlfaheto Nella Storia Della Cioilta 
which appeared about a decade ago and 
here appears in English form “increased 
and recast.” Anyone interested in science 
who is growing a little weary of the 
wonders of the atom can expect to find 
in the newer developments of tire study 
of writing, as in the origins of language 
and gesture, fields as rich, as astonishing 
and as provocative as the regions un- 
folded by the popularizers of modem 
physics and astronomy. Diringer’s 
learned monograph, it is true, makes few 


concessions to the general reader, but 
the subject will repay some effort. The 
hundreds of fascinating illustrations 
lighten the burden of the text. 

A n Introduction to Comparative 
- Biochemistry, by Ernest Baldwin. 
Cambridge University Press ($1.75). A 
third edition of a brief, well-WTitten in- 
ti'oduction to an investigation which 
aims, through attaining a clearer under- 
standing of the chemistry of even such 
simple organisms as the starfish or earth- 
worm, to get closer to the basic processes 
of life m all its organic manifestations. 
Though biochemistry is hardly out of its 
cradle, it has developed a great bodv of 
invaluable information on the subject of 
the “molecular events” associated with 
physiological behavior, and promises to 
contribute sigmficantly to the studv of 
growth, evolution and heredity 

T he Mathematical Basis of the 
Arts, by Joseph Schilhnger. Philoso- 
phical Librar\ (S 12.50). This frighten- 
ingly laige, heavy and expensive book by 
the late Joseph Schillinger, a well-known 
teachei of musical composition, is de- 
voted to proving that the forms of all the 
creative arts lend themseHes to a pre- 
cise, bloodless mathematical analysis and 
that “there is no reason why music or 
painting or poetry cannot be designed 
and executed just as engines or bridges 
are ” The demonstration is neither origi- 
nal, clear, profound nor successful; it is 
also imendurably dull Some years ago 
when the artist and art critic Jay Ham- 
bidge expounded his theory of “dy- | 
namic symmetiy” it was discovered that 
the warrant earmarks of great art oc- 
curring in painting and sculpture were 
also to be found in such objects as pots 
and pans. This, it would seem, points to 
at least one of the hazards of construct- 
ing oh jets dart with mathematics: a per- 
son bent on producing the Mom Lisa by 
mathematical formula might find himself 
at the end with a pressure cooker. 

B .vsic Principles of Psychoanalysis, 
by A. A. Brill. Doubleday and Com- 
pany ($3.45). Dr. Brill, famous for his 
translations of Freud and as a pioneer in 
introducing the theories of psychoanal- 
ysis in the U. S., completed this revised 
version of an earher work just before his 
death last year. It is easily understood 
and made thoroughly readable by its 
many case liistories and examples clearly 
presented* in Dr. BriH’s entertaining 
though occasionally dogmatic manner. 
Brill was less inclined to stray from the 
fundamental teachings of Ae master 
than the master himself, and thus it 
comes about that many of his views seem 
dated in a discipline which has evolved 
and is still evolving so rapidly that the 
various neuroses, psychoses and other 
neural disturbances have a hard time 
keeping pace with the theory. 

J. R. N. 


ACETYLENE CHEMISTRY 

JULIUS WALTER REPPE 
P.B. Report— 18852-s 

★ ★ ★ ■A' 


Have you ordered your copy of 
this important book which will be 
ready for distribution on April 15, 
19497 Pqi- details of this publication 
may we refer you to our advertise- 
ment in the March, 1949 issue of 
SCIENTIFIC AMERICAN, page 2. 

This book contains the complete 
text translation into English of the 
original report as written by Julius 
Walter Reppe. Heretofore, various im- 
portant parts of the text as shown in 
the O. T S microfilm were found to be 
missing This was due to the omission 
of parts of the translation as made by 
the original translator. In addition to 
the Table of Contents, this publication 
will also contain a complete Index. 

★ ★ ★ ★ 

CHARLES A. MEYER & CO., INC. 

Translafions and Techmcai Pubhcaiions 

Grand Central Terminal Building 
25 Vanderbilt Avenue Hew York 17, N, Y. 





What does Easter mean to you? Sun- 
rise Services . . . new spring clothes, 
baskets of gaily colored eggs for the 
children? 

It means that Easter Seal time is here 
again, too. It means that through 
these seals you’ll be helping crippled 
children in your own community to a 
better chance in life. 

The money you contribute by buy- 
ing Easter Seals is used for this one im- 
portant purpose . . * to provide handi- 
capped children with adequate medi- 
cal care... with wheel chairs and braces 
and a lot of other things they need. 

It’s used to give them specialized 
vocational training . . . healthful rec- 
reation ... a chance to go to camp in 
the summer. . . to swim and romp and 
play games like other kids. 

So why not celebrate this Easter by 
buying more Easter Seals. 

National Society for Crippled Children and 
Adults, 11 So. LaSalle Si., Chicago 3, III. 
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• REFRACTORS. Liglit, portable . . . lUc 
finest louses make tlvcs^* iustrumenls ulcal 
foi the amatcui astionomoi. 


Price: Only $199 for 3" modeb $345 for 4". 

• REFLECTORS. For pieeision and econ- 
omy Saluin Ncwloiiiau and Cassegruinian 
Eijuaioriully M<)untc(l Kcdeciois arc im- 
Miipashcd. (Portable units also avadable.) 



PREE LITERATURE 

Seiif} I'or IPt'jiiliDc iih - 
tut! (leUills of the Time 
P»,vnu’iit I'lnu niul fall 
liil’oi'inalltat an Mninri) 
Tok‘seoiK‘H. 


TINSLEY LABORATORIES 2528 Grove SL, BorKoloy, Caht, 


7 X 50 


BINOCULARS 

MADE TO RIGID MILITARY SPECIFICATIONS 



These magnificent 7x50 prism binoculars were 
obtained fhrouqjh the Supreme Commander of the 

AHled Powers, They have the brilliant luminosity, 

precise clarity, and wide, undistorted field of 
view obtainable only with a good large glass 
Because 7x50 glasses give the highest performance 
obtainable they are now the official choice of the 
Army, Navy and Marine Corps This Is your oppor- 
tunity to purchase a brand new 7x50 AT lA OP 
THE USUAL COST, Lifetime construction, Light- 

weight aluminum body (Individual eye focusing,) 
Ultra-precise optics, sealed against moisture and 

dust. Unsurpassed by any other binoculars, re- 

gardless of price. Richly finished case and straps 
included Sold with a guarantee of complete 
satisfaction or money refunded, 


Price W ith 
Regular 0 ptlcs 

$44* 


Price With 

C^iatftd Lenses Prisms 

$54* 


*Pius 20®/o Federal Tax 
IMMEDIATE DELIVERY WE PAY THE SHIPPING COST 
Cofalog of Telescopes, Microscopes, Binoculars 
Free on Request 


€0. 


Dept. 4R, 24 W. 45tli Sf.. New York 19, ,N. Y/ 



CoikIlicLccI by Allieri G. Ingalls 


O N FEBRUARY 22 Russell Wil- 
liams Poiler, pull oil saint ol' ama- 
teur telescope inakcis, died ol a 
lieart attack at bis home hi Pasadena, 
Calif. Pie was 77. Several years previous- 
ly Porter had jotted on a scrap of paper, 
'‘My clieam is to pass out icalizmg that t 
had ]ust licked some beautiful pioblom 
in applied optics.” When he died he hud 
just completed the drawings ol an ini- 
nieuse spectrograph lor the 2()()-mch 
telescope. 

PorlePs long life was ciowded with 
work and liui. And to him most of tlic 
work was fun. He onjoyod the uncoiu- 
mon satisfaction of being able to do llie 
things he had dreamed of doing, A yeai 
ago he was asked what he might havi^ 
done if lie had iiiheiilcd a lortnne. Ih' 
answered, “Just what iVe been doing.'' 
Porter was a serene and luiluiiried man 
wliom few things ruincch Among all 
those who knew him there were lew 
who would iK)l gladly have exiRaiigcd 
their lives and personalities for his. 

Porter was born on December 13, 
1871, in the Ironl bcdnxiin of a vener- 
able homestead in Springfield, Vt. lie 
was the fifth and last chilcl ot l^Y’ederiek 
and Caroline Porter. Ilis mother was 
then 5l, one unusual fact of Porlci’s un- 
usual life. Frederick Porter, who had 
been born in the same room, manufac- 
tured 75,000 baby carriages a year and 
prospered. Flo was also an inventor. 
Parts for baby carriages remain today 
in the old bam beside the Porter home- 
stead, 

Portcr^s boyhood friends, who said 
that ho was lazy and showed little prom- 
ise, called him “Pussy." lie spent more 
than a year at both Norwich Univcisity 
and the Univeisity ol Vermont. Then he 
wanted to enter the Massachusetts In- 
stitute of Technology to study architec- 
ture, for he was already skillful with 
pencil and brush. His father, however, 
was no longer prosperous. Porter bor- 
rowed $1,000 to enter the Institute m 
1894. 


That yeai Porter heard Robert E, 
Peary lecture on the Arctic, an event that 
cost him a dozen years of his career. 
From this moment he burned with a 
passion for exploration and adventure. 
Peary half agreed to take him North but 
Porter's elderly mother secretly asked 
die explorer to reject him, and this 
Peary &d without revealing the secret. 

Porter's interest in the Arctic was not 
dintiinished. Soon he met the affable 



and pUuivSiblo Dr. Fiecleiick A. Cook, 
another man who had designs on the 
Noith Pole. In the summer of 1894 he 
went with a huge iiarty to Greenland 
in Cooks antK(uatod vessel. The ship 
toic out her iion bottom on GreenlaiKps 
locks, and a hundicd shivering men re- 
turned homo packed on top ol the cod- 
fish in a fishiug sehooiici . Cook's Last 
Cruise of lha Miranda tolls the unhappy 
sloiy. 

Porter did go to the North with Peaiy 
ui the summer of 1896. There was no 
haidshiji, a summer tup to Greenland 
being no worse than a January thaw m 
Maine. Yet the trip was a beginning, and 
the following summer the 26-year-old 
Poitei herded a parly of M.f.T, sUulenls 
lo Frobisher Bay in Baffin Lund at $300 
a head. The trip was made on Peary's 
vessel, winch clebaiked the voyagers, 
eontiimed to the Noith, and rctiuuod m 
the fall lo jiick llicm up again, Thus 
Porti'r paid oil all liis college mdebted- 
ness. In Baffin Lancl he found Silurian 
fossils, which he presented lo the pa- 
l(M)nlol()gisls ()[ the Ameiieau Museum 
of Natural History in an old sock. One 
of i1k 5 fossils Ix'urs die name OriJioceras 
j)oiieri, fi'orty ycairs later Porter wiotc, 
“SU’fanssoii told me iny report on 
Frobisher Bay had heou invaluable 
during World War If." 

In the summer of 1898 Porter led a 
throci-man parly into upper British Co- 
lumbia. Ostensibly the cxpechtiou was lo 
do ethnological research foi the Ameri- 
can Museum, but the real objective was 
to find an overland route lo the gold in 
the Klondike, Defeated, the party was 
forced to turn back at latitude 56. The 
next summer Porter gatheicd another 
paying parly ol college men and took 
them on Pcaiy's vship to uorthwesleui 
GretuilatKh In this way he was able to 
siijTporL himself until ho had finished 
college. 

1 x 1 1901 William Ziegler, a rich manu- 
facturer, backed an expedition to find 
the Pole under a loader who proved to 
be such a tyrant that the expedition 
failed. Under a new leader in the follow- 
iiTg year, a second Ziegler expedition 
sailed to Franz Josef Land north of Rus- 
sia. Its men landed 10 degioes from the 
Pole. Soon their l)asc ship, an old 
whaler, was crashed in the ice and sank 
in the Arctic darkness. The cxjTedition 
was cut off for a year and a half. Even 
then its men made attempts to reach the 
Pole. The story of this long adventure 
has been told by Anthony Fiala in Fight- 
ing the Folar Ice, published in 1907 and 
now out of print. 

T O THE same volume Porter con- 
tributed a lively account of his es- 
cape from a camp 160 miles from the 








raoim 

mam parly. Thcic he had lived hn 100 
days on hall' i aliens which weie finally 
exhausted. With another man and dogs 
he set out in midwmtei, and aiter 
many tiials—skis lost, sledge lost, death 
ollen neai— he reached the mam party 
and food. The following from Porter's 
nail alive recounts an attack by polar 
bears 

‘Terhaps ihe beais took us foi some 
animals good to eat. Surely we looked 
more like beasts than men in our bear- 
skins, and with oui long hair and grease- 
covered laces. At sight of these bears the 
.savage man losc dominant within me, 


and in my haii and down ray spine lan 
an indescribable prickling sensation, and 
I knew why the hair on the wolf's back 
bustles when he hunts.” At anothei 
stop: “We lay there shivering all day. 
The woist had come. Stoimbound and 
no luel ‘Duncan,' I chattered, hf I ever 
gel out of this scrape alive, 111 make a 
beeline foi the tiopics and not go 10 de- 
grees north 01 south of the equator for 
the rest ol my days.' ” Poitei’s unpub- 
lished diaiy makes even better leading 
than this, and shows lemaikablc literal y 
glits. 

Portei forgot his oath about the 
tiopics and headed north as a topogra- 
phei with Dr. Cook in the next year. On 
this expedition Cook sent Poiter and the 
others on a side trip, when they re- 
turned he claimed that he had climbed 


RUSSELL PORTER, who died on February 22, was the patron saint of ama- 
teur astronomers. Although he always considered himself an amateur, his 
talents were of great service to the professionals. His famous pencil sketches 
were an important clement in the ]3uilding of the 200-inch telescope. Many 
of his ideas are now part of the completed instrument on Palomar Mountain. 


NOW AVAILABLE 

The finest collection of used microscopes. 
All famous brand names and standard sizes 
The instruments are not rebuilt or recondi- 
tioned junlc but the original instrument In 
good condition with a new finish supplied if 
necessary The lenses in most cases are the 
original ones or selected by us to give ex- 
cellent images. Oculars are new. Don't miss 
this opportunity to acquire a real quality 
microscope at these inexpensive prices 


objective lOX, 


price: $35.00 


Ocular lOX, 
obiective 35X, 
mirror, 

350 power, 
price* $65.00 


SPENCER LENS . .. 

AMERICAN 
OPTICAL COMPANY 

Wide Field binocular 
type, 15 power . . , 

$125.00 


MINERALS 


Learn how to identify minerals. Know their 
relative hardness by use of the Moh's Scale 
of Hardness. A special combination offer of 
two boxes of minerals, containing 59 differ- 
ent specimens and including a mineral hand- 
book describing more than 100 minerals and 
notes how to collect minerals and their 
study. Price $2.50 postpaid, 

BINOCULAR 

Wide field binocular, 20 power, 
3 degrees, clear aperture 
(!20mm). 27 ‘^ high, weight 
about 40 lb. Excellent for sheep 
herding, cattle ranching, moun- 
tain climbing, boating. Navy 
commander glass of Japanese 
manufacture. 


DOLLOND CIRCLE 

For precisely determining 
the positions of heavenly 
bodies. Used, good condi- 
tion. In case. 

Price $100.00 


Include Posfage — Rem if with Order 

Send 50c for Up-to>minute Catalog 


HARRY ROSS 

MICROSCOPES— TELESCOPES 
Scientific and Laborotory Apparotus 
70 West Broodway, New York 7, N. Y. 





WAR SURPLUS 

ACHROMATIC TELESCOPE OBJECTIVES— 
Perfect AraBiiesiuin FliiuiUle Piutcd aiul (I'liinU- 
oc\ BLnemmoni suri)lu'’ Aduomats JSruile of 
Crcmn and Flint ontnal Blass, are fiilh curmled 
and lia\i! trtMtiend(uis reaolvlnB power auar.mteed 
uell suitiMl for Astroinnnjeai TelchCOiiOH, WpLitLlftK 
Scopes, etc 

Duwueter Focal Lenutli Fach 

StSin/in (2,V') l>0fliu/m (2'lW') $12.50 

S’lm/m MU") 8 7lini/iii (.M!4") $28.00 

iiuii/w W) ;iHiiii/m (iTi") $19.00 

Miii/iii (,!.") ti22m/in riVA") $22.50 

OPTICAL PEEP SIGHT— Uao as camcia \l('W 
ilmler, cU* Iinapc atipearn on InillHcvo rclltlc 
Slime pi'lnclple ciminKTcialli used hv shotruii 
slBlit mfB nia ;i7 inni. Weight iVs n/.n Goiciii- 
incut cost $111 7 5. 

Oiir price , .... 


40 POWER 


$1.50 n 

TELESCOPE # 


Coated Lonsos 




Piecision American Made Vurialdc Power Tclo- 
scope (not war surplus). 

FOUR TELESCOPES In One, lOX, 20X. IHIX and 
‘l(tX l\liuAnosUuu-fluiirldc Jlaid ('oaled Lciiscs 
Achrumatlt Olijoctlvc lens 2%" (5*5in/m) dla 
Length cloaed opei‘ 27i,j" acnulne 

Leather tovorlutt Welsh!. 2H o/.s 

Postpaid $9Z,5U 

27 POWER SPOTTING SCOPE LENS SET, 

Consists of 151 b Shm/m (2,'/') Dlu Coated Oh- 
jeethe t..cns, 2 Prisms, Kvoplcco Lenses. Itisinic- 
tlona. .Ml opilcs cenieiUed and Pci- ct x 7C 
feel 01 neai Perfect Ret >lo./a 

KODACHROME PROJECTOR LENS SET tor 
,l.'5in/m nUdcs, Includes 2 Achromatie Proioctlnn 
Lenses, 2 Condensing Lcns«n. Ilont in 

AhsorhiUK OhiHS and Inslnietlons qAa.iu 

GOV’T LENS CLEANING TISSUE 500 sheets 


of Pcrh'ct Paper TU" % 11 " 


$1.00 


“MILLIONS" of Lenses, etc. 
Send stamp for “Bargain” List. 
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CALCULATIONS 

of all kinds can lie easily 
solved on tho 

BINARY CIRCULAR 
SLIDE RULE 

This rule will riuielUj snhu the 


irmilhllUiniri 1 1 I 1 I I rr ‘nnh>l0'»t as well as the uioro 
I ' dlffldilL piohlems imoivlntr 
6 1 7 calculations in ArlthuicLic, 


rTTnUllUTTn'l I i I m ^^^nohra and TriBoinn 
i ' * M 1 1 mimhci of factors t 
Q ' I I handled in long and (li 

calculations. Tho (! set 

tho lUnaiy ia 25 inches Ions 
with Bradnaliona 2,5% furUior apait Ilian those of a 
20-ln(h slide rule. Tho Cl, A, K, vV; Log scales 
are divided as closely as a 2il-imh slide rule, LoB-Log 
scale extends from 1.01)15 to 1.0 05, (Min Gives Trig 
functions from 0 to SMI degrees on hade Fnglnu-dl- 
ilded scales on white coaled aliimliiuni. Permanently 
aeciuate Dm fdA" price .$7.25 Incase, with histruc- 
tUms. \ppioved at leading Unlv, Psod liy many large 
ilcnih in tho U. S 

MIDGET 

CIRCULAR SLIDE RULE 

Similar to Blnmy, hag C, qi, A, I h and Binary scales. 
C fatale is 12" long. Trig, fimctions on bmk Apiu’oved 
at fachools tvna^ leading Univ, Meal for StudCMits and 
Poeket xise Half million sold Trito 
$2.50 in case wiU-v InbtrucUuna Made of metal 

ATLAS SLIDE RULE 

The Atlas Slide Hole will 



and 

rtsulth -With a miwtimum 
erior of less then l In 
10 , 000 . Tho Atlas has two 
C stales One is 2 . 5 " long 


and the_ second, cum is 


rTT lV I n ti U t >''' r aV.-, «Piral of no ccU« Tills Is 

ids 1 73t. I ’f} equivalent to a pli'alght 

rn INI' VuUnTTTi inlG GO ft. long anil ai\os 

-Vr iTn Mill i } [ T r~r-rX- anfawers to 5 ttgurtK. 

' 'l h3l' 1 ' L Um Actountanls. ChcmlHtR. 
TT2Ad“ ' > i I ‘ iflJJnnVj PtiyslclKta mid Jiln&tnoeii. 

have found this rule in- 


“TnT^^^Alt ^ * I ' 1 


'TiTXTr’5A)l^^ ‘ * I • ' valuawl© for its srent ae- 

Am 1 tfj,i * i t I 4 I curacy Dla, ai/j" Daslli 

-1 portable, Whit© coatc-d alii- 

mlijum with legible Mack 


rrr tn ^ ^ 

'TiTT^' ‘ Tw' 


CornMnatioA Atlas-Binary Slid® Rule 

Atlas scales on dne side, with 2 indicators, Binair 
OiLE^verse sdde with 2 uidlcatorg. Mad© of metal, 
Price $12,00 in case with in- 

Unsodiolted tesWmonlals 
Descriptive cirdulars ftefe, Sawthciion 

SLLSqjN SL1 RULE CO- . 

, I :■ ^«apt, flai j , 

" r -' " , .r i V — 


Mount McKiiiluy .siuglu-liaiidcd. His 
cliunis wene lulor discredited. Porter 
was loiced to altacli Cooks luggage to 
recover his summer’s eaniiiigs. ‘‘My 
hero’s leet were made ol clay,” be com- 
mented years later. 

Oil all these expeditions l^oiter acted 
as an astronomer, suiveyor, meleorolo- 
gisL and aitist. Sometimes he painted 
with walei colois when the water laid to 
he kept liquid over an alcoliol lamp. 
Later m life he Telt that the entire Arctic 
was hardly woith the iniseiy it had cost 
mankind. The hardsliij^s described by 
later geneiations of exploiers, who 
lra\'eled with ladio and olhei eon- 
venienees, did not impies.s Poiter. It 
seemed to him almost wanton that 
planes cjuickly reached the places pain- 
fully attained by the earlier explorers on 
loot. 

Filtcen years ago Porter .suimncd up 
his exploring experiences in Arclic 
Fcve}\ a 3(),00()-word manuscript co- 
piously illustiated with his hicilc draw- 
ings. It remains unpublished, hugely for 
economic reasons. 

Porlex was 36 when his Arctic fevei 
was finally cured. In 1907 he ineL Alice 
Belle Marsliall, tlie young postmistress 
of Port Clyde, Me. They wcm-c married 
and lived in a big lannhousc on “Land’s 
End,” a 5{)-uct(‘ jxeniusuhi near Port 
Clyde. There Porte) biiill ami sold eol- 
tag(' alter collage by the shoie. 

It was wliile living at Pori (ilydo lliat 
an article in Popithu Aslronomij caused 
Porter to make a l()-inc1i rcllecUng tele- 
scope (jiisl as an article in Popular As- 
iwnonuj later caused tliis magazine to 
discover Poitcr and to establish the hob- 
by of amatcui telescope making) . Yciirs 
later he jotted, “I shudder when I lecall 
its horrible figure ” Focograms of that 
mirror may be found in The Astrophysi- 
cal Journal loi June, 1918. Todays be- 
ginners will do well if they equal it. 

Fiom 1915 to 1917 Porter was an in- 
structor in aicliilocturc at M.l.T Then 
he worked in optics at the National 
Bureau of Standaids. In 1920 he re- 
turned to his native Springfield to work 
with his old friend james Hartnes.s, head 
of the Jones and Larason Machine Com- 
pany. His specific duty was to develop 
the Haitness screw-thread comparator. 
Porter compressed this instrument with 
mirrors to save floor space He also 
adapted it to profiling needle eyes, saw 
teeth and dozens of other products. An- 
other '‘duty” was to do whatever inter- 
ested him most. Hartness knew how to 
get the most out of a genius. Case-hard- 
ened old machinists at J. and L. re- 
markech “Why, Porter took right hold of 
our machine tools without any appren- 
ticeship.” During liis life he took hold 
of many things thus. 

P ORTER had not been in Springfield 
long before he gathered 16 mechan- 
ics from die toA^’s industries and taught 
I tbem to make reflecting telescopes. This 


he began on August 17, 1920. On De- 
cembei 7, 1923, he organized the Tele- 
scope Makei.s of Spiiugfield. 

One pleasant duty that Poiter discov- 
eied at Jones and Lamson was to make 
ueaily 100 ornamental “garden” tele- 
scopes widi 6-meh /4 mirrors. These his 
employer sold to the caniage luidc at 
$400 each. The minors were figured by 
Porter’s 18-year-o!d inipil Wilbur Perry, 
since then Chief Teehmcuin of the Rnl- 
mg Engine LahouUory at tlic Johns Hop- 
kins Univeisity. 

Porter’s cpiaitei-century ol iclations 
with the leadeis of lliis magazine began 
m 1925 I still liave the letters m which 
he guided my early cfiorls at telescope 
making. The pitcli was too soft, boil it 
Tlie jnnliolc was smaller than necessary. 
“And now get bii.sy gnnding.” 

One day early m 1928 Ceorge Ellery 
Hale mentioned to me ovei a New Yoik 
luncheon table llic po.ssibility ol build- 
ing a large telescope, and listened to a 
de.scription of the genius m Vermont 
who iniglii help build it. Would he con- 
.sent to see this genms? 

A hasty telegram ])iit Porter on the 
night tram to New York and the next 
m)ou Hale and Porter and I Inuched at 
the same table. I watched Porter’s 
charm, knowledge and versatility go to 
work. From liis lacile fingers If) lh(‘ 
haek of a menu fell those little skt'Uhes 
I lull came so offovllessly-his own ideas 
loi hig tclcs('()p(\s. Afler Ihiee lionrs Dr. 
Hale pocketed the menu and withdrew. 
]k)rtcT letmnecl to Vennoul and all sum- 
mer poudcTccl the mystery that seemed 
to bo in the air. Autumn came and Halo 
sent [.A. Anderson and F. L. Pease to 
sec Hartness, and to boirow Porter. Tims 
on November 26, 1928, l^oitei was able 
to write from the Twcnlietli Century 
Limited, ou its way to Chicago, “The 
Porter family is 1 loaded for California.” 
Months later Hale wa.s to comment, “Tlie 
most versatile man I have ever known.” 

What Poitcr did at Pasadena during 
his remaining two decades ha.s ])ccn the 
subject of surmise, some ol it mcorrcct. 
He was only embarrassed by those who, 
because tliey loved him, msislecl that he 
had designed the 2()0-inch telescope and 
built it. No one man did either The basic 
design was executed by engineers, and 
Porter last summer remarked with 
vehemence, “I am not an engineer ” 
Largely it came down to this. At each 
of the many stages in the long evolution 
of the design, reaoliccl after in terminal )le 
group discussions. Porter would convert 
the blueprints of the variations eho.scn 
foi study into three-dimensional pencil 
drawings, each the equivalent, to those 
who studied them, of an actual working 
model (sometimes he went to the shops 
and built models— he always yearned to 
get his hands on tools) 

There is no way to ascertain how 
many mistakes would have been em- 
bodied in the 200-inch telescope had 
there been no Porter, a consummate 




aitist who also unclci stood the workings 
ol wliat he was di awing. Ilis woik pro- 
vided a close control on the telescope’s 
development throiiglioiit. 

When war came and the telescope was 
put in moth balls, Porter did exactly the 
same thing tor defense. “My woik,” he 
wrote, “is mostly pencil sketches of gadg- 
ets that aie hard to photogiaph. That's 
where I’ve got it over the man with the 
camel a, I can cut an mstiument all up, 
show its insides, yet not destioy it.” PIis 
drawings went to Washington, and else- 
where m Navy circles. 

When the wai was over he wrote, “I 
can look back with satisfaction over the 
high-pressure ]obs of the past few years— 
diawings ol lockets, fuses, launcheis, the 
jap pajiei balloon, atomic bomb, piov- 
ing ground work at inyokern, Goldstone, 
Pendleton, NDRC and M.I.T. pi ejects. 
At Washington they call me ‘the cut- 
away man.' ” But Washington some- 
times drove Porter too hard, so that the 
man of 74 who had suffered a coronary 
thiombosis at 64 was m bed again lor 
weeks. Military men had stood over him 
waving deadlines and he had worked 
day and night. Yet aftci one such illness 
his old sense of humor pi evaded. Pie 
wrote, “Was blessed with three good- 
looking muses, but only the head nmsc 
would let me hold her hand.” 

P OUTER did innumerable jobs be- 
sides ihe one dcscrilied. In 1932 he 
disappeared lor months, living alone in a 
little tent on Palomar Mountain, making 
a contour map of the whole liroad pla- 
teau and laying out the (utnrc Inxilcimg 
sites and loads. The theodolite he used 
was the same one he had had in the 
Aiclic. Then he returned to Pasadena 
and made a land model of Palomar, now 
under glass at the California Institute of 
Technology, lie was the aichitect lor the 
dome of tlio 20()-inc]i telescope and loi 
the other domes. I lived m Porter's home 
five weeks last summer, yet I still learn 
occasionally of jobs he did and never 
mentioned. lie had a hand in practically 
evcrytlung. 

In 1944 he wrote, “I often wonder 
how privileged 1 am out here, at my age. 
Whenever I want something I go to the 
optical or machine shop and find every- 
thing at my disposal. li I get into a jam 
for a gadget theic's always someone to 
say, Xct me do it lor you.' ” 

“Pie is .such a nice fellow to have 
around,” was the tribute his immediate 
boss, Dr, Anderson, wrote of him. At 
various times in 1945 Porter wrote. “Pm 
now enjoying life hugely. The sky seems 
bluer, the trees greener, and every pros- 
pect pleases.” Or, “I made $50 in bed 
today, just pu-shing my pencil.” (Outside 
work came to him and he did much of 
it in bed.) Or, “All I care for is com- 
fort, pipe tobacco, and good fellowship.” 

Few knew about Porter's major inter- 
est in music, fewer still that he composed 
music as an amateur hobby. While living 


in Vermont he had lead books on har- 
mony and counterpoint, then composed 
and Ol chestrated a symphonic move- 
ment. When he heard it played by an 
orchestra he sensed “how amateunsh it 
ically was,” but he kept on composing 
because it was fun. 

“Beethoven towers over them all,” he 
wrote in 1938. “Next choices, to me, are 
Rimski-Koisakov, Tchaikovsky, Brahms, 
Mozart. If you could see my bedroom 
you'd see what I think of Beethoven. His 
nine symphonies, all the quaitets and 
sonatas aie within reach Irom my bed 
and I get almost as much fun fi om read- 
ing them as hearing them, m fact I do 
'hear' them. Yes, they haunt you, as you 
say, long aftei the record has stopped 
(I had purchased a phonograph) . What 
do you suppose is going on among the 
atoms in your brain to pioduce this?” 

“On one side of my bed,” he con- 
tinued, “is a five-octave dinky piano 
clutteied with the scores I woik on. 
Then, aftei I’ve labored loi weeks, I 
get a hunch my theme is only a holdovei 
horn something I’ve heaid before ” 

The little piano actually oveihung his 
bed on one side, which made it difficult 
to aiiange the bedclothes. I have seen 
him ciawl into bed wearing all his 
clothes except his hat. In lecent yeais 
Poilci spent 16 hours a day in bed to 
conserve his sliength. At night he often 
woke up to whack out Ins pipe on a big 
Slone Eskimo lamp, light up, and woik 
on musical scores or read or write. 

In 1939 he wrote, “When I go East I'll 
head straight for you and your phono- 
giaph— to Hell with glass grinding.” Foi 
seclusion the phonogiaph and 42 al- 
bums of Beethoven's chamber music and 
sonatas were lugged to the cellar shop, 
two steamer chairs weie placed beside 
the phonograph and for a total of 23 
hours during thiee days Beethoven disks 
were fed in as Porter, who was hard of 
hearing, controlled the volume and 
pitch. His favorite was the andante of 
Opus 97, the Archduke trio. In 1946 he 
again wiote, “Lei's have anothei cellar 
orgy— play cveiy one of Beet's again.” 

I N 1947 he jotted, “I'm growing old. 

Feel it in my bones.” When I saw him 
m 1948 he had shrunk until his clothes 
hung pathetically loose. Though the 
work he still found to do fatigued him, 
he kept at it. When- he wrote, “If I'm the 
patron saint, you're my Boswell,” he 
knew he had not far to go but he made 
no complaint. 

By Porter's own repeated request he 
was cremated and his ashes will be 
buried at his former home of Port Clyde. 
Pie will also have another monument. 
Through the efforts of the amateur 
astronomer David P. Bar croft, of Made- 
ra, Calif,, a feature of the moon has been 
named after him. The lunar crater called 
Clavius B has been renamed Russell W. 
Porter by the British Astronomical Asso- 
ciation. 


WAH SUMFLUS 
BAIIGAIN§; 

GOVERNMENT'S 7 x 50 BINOCULARS 
ASSEMBLE THEM YOURSELF! 
Complete Opticsl Complete Metal Parts! 
Save More Than Regular Cost 


METAL PARTS— Set 
inoliiiles all .Metal Parts 
— <‘flinple(elv fiiuslied — 
fm asseiulilv of 7 x 50 
Itinneulari No iiiat-liin- 
in;- required i •'(uidv 
Hinocular Cariyiiig Case 
I'l oiUional wUli each set 
of Metal X’arls. 

Stock ii:842-S $39.40 

Postpaid plus $4 80 tor 
Case — Total $44 20 


OPTICS— Set iiu-Uiiles all Lenses and I’nsius >(iii need fur 
assemliliiiR 7 \ 50 Biiioeulais These Oplies an* in evellent 
{‘ondition— ptM fci-t or near uerfeil— and ha\c new low le- 
eoadiig 

Stock *5I02-S 7 \ 5tl OiiLics $25 00 Postpaid 

(These arc standard Aweruan’made parts . . not 
Japanese, French or German ) 

NDTKTC' Add Feileial lOxiise Ta\ In ahine iiities if 
joii tiider hulli IJiiiOLUl.u OplKs uiul lliiuiciilar Metal I’ails 

ARMY'S 6 X 30 BINOCULARS 

COMPLETE OPTICS & METAL PARTS— Model M-I3AI, 
Waterproof Model , C x dO Binoculars M\ei\iiiiiig ^^lll need 
— leadv fur assemhlv When Implied will look like a legulax 
fiutmv job costing $102 to JiPiO The Ojdns are new, in 
peifect III neai-peifect cmitliiion llaie new low lelle.tion 
coating Metal paits aic new and perfect all cotiiplelely 
llnishetl No niaehinina lequired Complete a'.scmhh m- 
striK'tiotH Included 

Stock t?830*S , . . $40 00 Postpaid 

plus $8 00 tax— Total $48 00 

MOUNTED ANASTIGMAT LENSES 

IlhO fur Projeclois. Jinlaigers, (’opying ('amoias I'uiuplete 
W'llli Wliutt('i ami Diaiihragm Value ahoul $2t) An e\i'elleiil 
bin Wli 5V1LL JNPLITDB FR1C13 ll.LPSTU \T1C1) 
BOOKLET up HOW TO *5I.\IvlO \OUU OW'N BX- 
LA IK JIB I 

Slock ;tf8004-S Speed f/7 7, focal length appiox 127 inms 
Suitable for pictures, negatives, positives up to 3'/3"x4‘/4" 

$7 50 Postpaid 

Stock #800G-S Speed of f/7 7, focal length approx 1 00 
mms. Suitable for pictures, etc up to 2t/4"xdV4". 

$8 50 Postpaid 

CONDENSING LENSES-Secoiuls. Imt suUahle fur Bn- 
laigei't .ind .SpotllglUs 

Stock ft 1061 -S G'/a" din , 9" F L . $2 50 oa. Postpd 

Stock 4tl080-S 5" dla , 7" F.L $1 00 oa PosLpd. 

Stock #)084-S, , 2*/a" dia„ 4" F.L. $1.00 ea. Poslpd 

Stock #1077-8 . 23a" dia , 3" F L. . $1 00 oa Postpd 

Stock#10l9-S .G"dia,l6"FL $2 00 ea, Postpd 

Stock #1062-8 G" dia , 9" F L .. $2 00 ea. Postpd 
Stock #1086-8 |[y''dia, 3" F L. $ .25 ea Postpd 

Stock #1103-8 29/32" dia , 'A" F.L $ 50 ea. Postpd. 

8 POWER ELBOW TELESCOPE 

Gov’t (.ost *200 00! Oiir Price *17 SO! 

Big 2" diauH'ku’ fihjeetiio All lenses Afhrnninjie Anud 
prlKiii creel h the image 1 built-in liltcis — clear, umbei. 
neutral and led Slightly uhotl cmiditnui Init all gii.u.iiileeJ 
lur perfeit working order. WelghI a lbs. Cun he ouiied but 
a tnlle hulkv Exeellont for liiuloi un Ahinmomicnl Tele- 
si one 

Stock #943-8 $17.50 Postpaid 

20X PRISM SPOTTING SCOPE SET— Comisl.s of all 
lenses and pnsnih (slightly ehlpiied) vou need lo make a 
good, standard SOX Knotting Stupe. Low relic, ’inm toated 
57 nmi dia, Acluoiuatle iibjeetho Some Jletiil J\uts in- 
cluded Me furnish directions. 

Stock #5I45-S ... $22 00 Postpaid 

LOW POWER RIFLESCOPES and ACHROMATIC 
LENSES to make tour own higher powei Itiliescope (2n 
to iy% power or o\or) Write for Bulletin S 
TELESCOPE EYE-PIECE— Consists of 2 Achromatic 
Lenses. F.L 2*S mm in a metal mount 
Stock #5I40-S .... . $4 50 Postpaid 

SLIDE PROJECTOR SETS— Consist of all unmounted 
len'-O', MUi need to make the following si/e projeetois 
Stock P403B-S 2I/4 "x 2'/4" . . $3 35 Postpaid 

Stock #4039-S . 2'/2 "x3'/2" v . $3 35 Postpaid 

Stock #4029-S 35 mm . . $2 85 Postpaid 

35 MM KODACHROME PROJECTING LENS SET— 

ConsiMs of a mounted projetting lenh, heat ahsorhing glass, 
2 (onUeiislng lenses 

Stock #4035-S , . . $4 85 Postpaid 

6 POWER PERISCOPE and ADJUSTABLE TRIPOD 

27" long Focusing p>e-pieco AdListahlc enter for objci rUe 
end Qovt, cost $150 Tripod and nunint worth mure limn 
purchase price 

Stock #7J7-S . $20.00 f 0 h Audubon 

WE HAVE LITEKALLY MILLIONS OF WAB SUB- 
PLUS LENSES AND PRISMS FOR SALE AT BAR- 
CAIN PRICES. VfRITE FOR CATALOG “S” — - 
SENT FREE. 

Order by Stock No. • SafisfocNon Guaranteed 


EDMUND SALVAGE CO. 

P. O. AUDUBON, NEW JERSEY 



63 


CARE 

GOES 

WHERE 

HUNGER 

IS 


Hunger, today, is the capital of luaiiy couulries. 

Millions of minds, wanting peace and freedom, are mocked 
by empty stomachs. 

To these countries — to the men, women and children who 
are these eomitries — CARE goes. 

CARE goes with parcels of food, with clothing, with woolen 
blankets. 

But CARE goes nowhere without YOU. 

Non-profit CARE makes it simple and convenient for yon to 
help persons or families you know in Euroj>e. Non-profit 
CARE sends more for your money than you can send in any 
other way. Non-profit CARE guarantees delivery — or refunds 
your money. 

CARE is government-approved. Twenty-six major Ameri- 
can relief groups are members of CARE. 

If you are now sending parcels abroad, please investigate 
care’s organization. Through CARE, buying in immense 
volume, you can send more for less. If you are not now sending 
help abroad, the need is urgent. Full information from CARE, 
50 Broad Street, New York. Or from your local hank, YWCA, 
Western Union city offices, your local CARE committee. 

CARE 

50 Broad Streef, New Yprk 4, N. Y. 
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U. S. Savings Bonds 
daring the Opportnnity Drive,” 

SAY THESE LEADING AMERICANS 


WILLIAM GREEN, President^ 
Amerrcan federation of Labor 



‘‘For the working man, an increased in- 
veslmcnl in U. Saviiigs Bonds can mean 
not only iilci?oased security but inci eased 
ability to take advantage of the oppoit unities 
that are part ol the Ainenean way of life.” 


CHARLES F. BRANNAN 
Secretary of A0rIculture 



“I am heartily in. favor of the Opportunity 
Drive to buy more tl. S. Savings Bondst 
Everyone engaged in farming should recog- 
nize the importance of a backlog of invested 
savings as a m^ans of realizing the agricul- 
tural opportunities of the future^” 


WINTHROP W. ALDRICH, Cba/rmon, 
Chase National Bonk 



“I believe lluu cvc^ry individual who <',an 
possibly do so sbould buy luoro U,S, Savings 
Bonds. These lionds ri'juvsenl one of tlio 
best nm'siinenls of our liiiio.” 


PHILIP MURRAY, President, 
Congress of Industrial Organizations 



“The C.LO. bus (unlorsed ev(U7 elTorl to 
cneourag(‘ tlie workei lo pul more of his 
earnings into IJ S. Savings Bonds. They rep- 
r(‘sent both H('c‘unty and imlependenco.” 


D uring May and June, tlie U. S. Savings Bond 0])por- 
lunily Di ive is on ! 

Il is callocl ihe OpporUinlly Drive — Imran so it is truly an 
op])()rLiinily for you to gel ahead ])y increasing own per- 
sonal inixisLire of financial security and independence. 

If you haven’t been buying Savings Bonds regularly, start 
noio. 

If you have been liuying them, add an extra Bond or two to 
your purchases ibis month and next. Remember— you’ll get 
back $4 for every $3 in a short ten years’ time ! 

Put More Opportunity 
in Your Future . . . 

INVEST IN U. S. SAVINGS BONDS 



Contributed by this magazine in cooperation with the 
Magazine Publishers of America as a public service. 





Using ammonia and radio wav^es, RCA scientists have 
devised a clock more accurate than tlie stars. 



rc/n O/? 


Time 


Mi 


Imagine a clock which will lose or 
gain only one second in 20,000,000, 
and which — when further lesearch is 
cairied out — will vary no more than 
a second in SO years! 

Such a timepiece— constructed by the 
National Bureau of Standards on a prin- 
ciple conceived and demonstiated at 
RCA Laboratories— IS now in operation. 
More accuiate than the stars? Yes, be- 
cause “star tune” will vaiy when Mother 
Earth wobbles in her orbit. 

The pendulum of RCA’s clock is an atom 


... at present, the nitrogen atom in an am- 
monia molecule . . , though others may 
later be used. Vibrating at 23 billion 
870 million times a second, it controls a 
system of radio waves and electrical im- 
pulses which operates the clock— locks them 
in tune with its own unvarying beat! 

You will hardly want an “atomic clock” 
to get to the office promptly, or get youi 
children to school. But scientists and 
engineers who must split seconds into 
millions of parts need this more accurate 
way of telling time. 

The atomic clock is but one of the 


many major achievements pioneered at 
RCA Laboratories, Such leadership in 
science and engineering adds value he- 
tjond price to any pi'oduct or service of 
RCA and RCA Victor. 

* 4* + 

Examples of the newest developments 
in radio, television, and electronics can 
be seen in action at RCA Exhibition Hall, 
36 West 49th Street, N. Y. Admission is 
free Radio Corporation of America, 
Radio City, N. Y. 20. 



PVor/c/ Leac/er /n TRaeZ/o — T^irsZ /n le/ev'/sto/j 



Sils: 

I have read with mtoiest the Lirticle 
on cosmic rays l^y George W. Gray in 
yoiu March issue. The subject mallei 
has been extremely well handled, and I 
ieel it gives a very accurate and easily 
comprehended picture of the pi oblom of 
cosmic-ray leseaich. It will conlmue to 
be a reference foi some Lime which we 
can assign to beginning students and to 
the general public who wish some ma- 
terial which will give them a general 
pictui'O of what wc are doing in cosmic- 
ray research. 

Youi presentation of the comments by 
Professoi Blackett and Professor Ride- 
nour in the same issue is also of interest. 
Professoi Blackclt, as you know, was 
awarded the Nohel prize for his work in 
cosmic rays. The work of several oi his 
students is mentioned by Mr. Gray but 
I believe Professor Blackett is not men- 
tioned in the cosmic-ray article. I can- 
not agiec with Professor Kidenoiir's 
comment that Professor Blackett s book 
expresses views ‘*so clearly the results 
of bias” that thj? “excesses and absurdi- 
ties” make “the whole work” suspect. 
There have been other criticisms of Pro- 
fessor Blackett's book in the Journal of 
the Atomic Scientists which have dis- 
agreed with it, but at the same time have 
appreciated that this repoit of Blackett's 
has raised some real questions that 
should be carefully studied. 

ROBERT B. ERODE 

Department of Physics 
University oi California 
Berkeley, Calif. 


Sirs 

In his rebuttal to P. M. S. Blackett, 
Louis Ridenour writes- “On Blackett's 
assumption that we dropped the bombs 
to prevent the Russian grab in Man- 
churia (he does not call it that) , hpw did 
we succeed? . , . Consider also how we 
held back at Berhn and Prague until the 
Russians got there, in accordance with 
dUr agreements that their troops could 
enter these cities first.” 

General Dwight D. Eisenhower does 
not agree wi^ this latter statement. A 
digest of his Crusade in Europe that 
^pe^ed in Life says: “A natural objec- 
Ruhr Berlin . , . I . 
tlddd:^ hbwevet, ttrat it wks not the ' 




logical 01 the most desirable objective 
for the foices of the WcsLiun Allies.’' 

BERNICE KRETSWIRTPI 

New York, N. Y. 


1 should like to make a few comments 
aboul Encii hromm’s “The Oedipus 
Myth” which u]:>pcaied hi your junuary 
issue. 1 lead the ailicle willi astonish- 
meuL at the author's method, hi the ycai 
1949 one who would attack Jhxmd’s con- 
cept ol the Oedipus complex has vast 
and rich materials with wliich to grap- 
ple not merely Fi cud's writings but the 
clinical obseivations oi seveiul gcncia- 
tions ol psychoanalysts throughout the 
world. Instead Fromm devotes most oi 
his article to a discussion ol Sophocles' 
plays. Fromm might just as well attack 
modem medicine by proving Hippoc- 
rates never lived. 

In the ease of Oedipus Rax itself, 
fTomm writes: “But there is no indica- 
tion whatsoever in the mylli llial Oedi- 
pus is atlracted by or falls in love with 
I ocas la,” 

The reader of Ocdljnis Rex can satisfy 
himself by merely reread lug the spcjcclies 
hetween Oedipus and [oeasta ihut lliose 
two are still strongly lioiind togetber 
sexually and that theio is no such thing 


to jirt'm'ivc ihHucs of iho tu'W 
ScirNTint Amiiui AW muy Ix' liy willing 

SiiiNnrn Amuucan, 24 Wosl 4()ih Stioot, New 
Yovk IB, N Y Eivnh luiuloi, lovertxl with il.iik 
guM'n Fubnkoul, will liobl 12 issik’h of llie 
Surwniu Amiuuan. Puoc 50, 


in the play as an indic'alion ihaL Joeasta’s 
going wilh the ihrone is "the only lea- 
son” ior then main age. The real point, 
howtwer, IS that Fiomm is looking ioi 
conscious and axjilicil sexual desires m 
the Oedipu.s complex, which is an un- 
conscious pheuonieuou! The ciucial de- 
tail in the play is the oracle piedictmg 
that Oedipus will have sexual iiilei- 
eoiiisii with his mother. The oiacle of 
ihe Greek iiiyllis, hVomni has ioi gotten, 
is a representatum of the uneouscions. 
ICven il there were no other iiulicatious 
ol Joeasta’s and Oedipus’ sexual mtercst 
111 ('aeli olhei than ihe oiacle’s picdic- 
tion, that would bo enough. 

No doubt Fiend was much more 
cautious ill piediciing the lai futiiie than 
is Fromm. In the mam Fiend contented 
himself wilh describing the psycho- 
logical stuictures as they appeal in the 
soc‘iety in whicR wc live and are likely 
to live for some time. I think that Freud 
would have conceded to Fromm that 
llio Ocdipns eondiet would he pro- 
foundly modified in a soc’iely “in which 
re.spi'cl lor the mdivicluality and in- 
iegrity ol every person* hence ol every 
child- is realized.” I'h'eiid woiked for 
such a soc‘iety. lie had a [lassiouale he- 
liei In human progros.s and educability. 
Iki differed from lYomm in not believing 
that one eonlrilmtes to that pi ogress liy 
blinking the deinoustvahle fads of man's 
psychology and social heritage which 
lender .so difliciill the ascent from patri- 
arelial society to tlie brotherhood of man. 

FELIX MORROW 

New Yoik, N. Y. 
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Change of address s Please notify us six weeks in 
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Siis. 

Because of the stature which your 
muga/inc lia.s utlaiiied since its editorial 
leorgauization, it seems worth while to 
point out one cnor in an article in youi 
March, 1949, issue. I ref ex to the aiticle 
on the “alarm reaction,” discussing Dr. 
Hans Selye's woik. On page 22 the au- 
thors present the diet of diabetes as an 
illustration of the point they arc raising. 
They slate. “Diabetes can be completely 
controlled by a diet low in sugar ” It 
would be more in keeping wilh the cur- 
rent knowledge of cliabete.s to change the 
word “sugar” to “calories.” Present-day 
therapy of diabetes no longer stresses 
only the reduction of carbohydrate in 
the diet. Rather, a more normal distribu- 
tion of carbohydrate, protein, and fat is 
used, but a reduction in the total caloric 
value is attempted. 

GLEN R. SHEPHERD, M.D. 
Kansas City, Kan. 
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6 For Manufacturing Control Laboraiorios 
# For Production Requiring Quality Chemicals 
# for fdfocafioncff laborafories 
# for Process Planning and Development 


# for Research laiforofories 


...A Complete Guide for 
Buyers in the Selection of 



Here it is-^Baker & Adamson’s new, pro- 
fusely illustrated catalog! It contains 226 
pages of clear, concise information on 
1,000 laboratory reagents and fine chemi- 
cals, including such pertinent data as 
grades, strengths, maximum limits of 
impurities, packaging, etc. 

New features include special com- 
ments on products with outstanding high 
purity, unusual physical or chemical 


Get your copy of this new 
catalog; there ie no obH« 
gation. Fill out coupon, 
attach to your butineet 
letterheod ond n^oil tuday. 


characteristics, processing techniques, 
packaging, etc. which are not evident in 
specification data alone. 

This valuable book also contains full 
data on B&A’s outstanding packages . . . 


features that are not to be found any- 
where else. Gives just the type of infor- 
mation you want on the new B&A 'TBL”^ 
Drum, the ’^Saftepak,” the gal. car- 
boy, 9-bottle case, etc. 



Cp6pcp^5p6p€pC|d6p^6pCpqpCpGp6pCpcp6pcp6piSpcpCpcp| 


BAKER & ADAMSON PRODUCTS, Goneraf Chemical Division 
Allied Chemicol A Dye Corporation 
40 Rector Street, New York 6, N. Y. 

Please send me, with no obligation on my part, your new 226*page catalog of 
Baker & Adamson Reagents and Fine Chemicals. 


Name. 

OrganizdUon^ 


^ Position^ 


1 Address^ 


a City : State ,lc 
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M ay 1899 “Tlie sealing steamer 
Hope* IS to be thoroughly over- 
hauled and repaired preparatory 
to proceeding iiorthwaid next month 
with an expedition for the relief ol Lieut. 
Peaiy, who went to the Arctic legions 
last summer with a specially selected 
paity. It is thought that he may now 
need assistance, as his steamei, the 
‘Wmdwaid/ has been frozen in the ice 
fioes since the early pait of last winter.” 

“Under the dir ectoi ship of Prof. J. E. 
Keeler, the activities of the Lick Ob- 
servatory at Mount Hamilton, Cal., with 
its magnificent 36-inch icfr actor, have 
been vastly increased. The wondcrlul 
uehula in Orion, one of the most distant 
and remarkable objects in the universe, 
has licen of late the subject of patient 
and protracted observation by Piof 
Keeler. The spectrum of the nebula, iu- 
Icrpreted by our laboiatory cxjiorienee, 
indicates a high temperature, which, in 
the case of such enormously raieficd 
gases, is not easy to imdei stand. Wo may 
suppose that the light of the nebula is 
excited by electrical disturbances, m 
which case the temperature of the gases 
may be low; but of these electiical dis- 
turbances we have no independent 
knowledge. The problem is one of many 
which still await solution.** 

“Nowhere has the development of 
automatically propelled vehicles reached 
a more advanced stage than m France, 
where, on account of the fine roads and 
pavements, the most favorable condi- 
tions are found for their operation. Car- 
riages and tricycles operated by gasoline 
motors are now among the ordinary 
sights in the streets of Pans.** 

“Prof. Marconi has invented an in- 
strument for ascertaining a ship*s posi- 
tion m a fog, when it is within range of 
one of the telegraph stations. It consists 
of a receiver which can be revolved and 
which, when pointing toward tire trans- 
mitting station, sets off an electric bell, 
thus establishing the bearings as accu- 
rately as a compass can. The instrument 
is to be tried on the Channel steamers.** 

“A dainty piece of spectroscopic work 
by Prof. George E. Hde; director of the 
Y^kes Observatory, has recently come 
to light. In the sol^, spectriipr th^e were 
long ago %cogai 2 fed bands that mdi- 



ill m 100 mu iiiio 


cated the presence of carbon. What Prof. 
Plale has done is to locale iho carbon 
with precision, and thus to establish 
its existence Iroyond a cloulit. lie lound 
that It was in the lower pait of the eluo- 
mosplieie. Piol. Hale is satisfied that 
tlic caibon layoi is a thin one, and lhal 
normally it lies down within five linn- 
dred miles of tlic sun*s surface— a con- 
clusion that harmonizes well witli the 
notion that the glow ol the pbotospheic 
emanates chiefly liom pai tides ol solid 
carbon suspended thcicin.” 

“It seems that the medical experts in 
London are now accepting the conclu- 
sions of Pi of. Grassi, of Rome, as to the 
cause of black-water fever, which is one 
of the worst forms of malarial lever The 
sciculific staff of the Natuuil History 
MuvSoiun, at South Kensington, are invit- 
ing travelers in all eountiies to eolleet as 
many inosipiiloes as possible in ilie di.s- 
tiicts visit(Ml by thorn, with a view to 
pioporly idenlilying the various species, 
and tracing out still further the* supposed 
connection between these insects and 
some of the fevers prevalent m tropical 
dimes.” 


M ay 1849. “Some cases have re- 
cently occuned m which fatal 
consequences were attributed to 
the inhalation of chloroform; surgeons 
have lieen turning their attention of late 
to the employment ol this powerful seda- 
tive locally, m order to clepiive of sensa- 
tion parts intended to be operated upon. 
A veiy interesting experiment of this 
kind was made at the Royal Cornwall 
Infirmaiy, England, as related by the 
Cornwall Royal Gazette. The result was 
highly satisfactory, and the poor man 
looked on with the greatest composure, 
not moving a limb while the diseased 
part was being lemoved.” 

“Patent gi anted to Samuel F. B. 
Morse, of Poughkeepsie, N, Y., for im- 
provement in Electric Telegraphs.** 

“A discovery of a singular and highly 
important character is announced in 
Paris by a Prof. Meinike, a Gei'man prob- 
ably, viz, an artificial gas confined in 
glass, assuming, by an electric shock, a 
permanent, steady light, without heat or 
combustion!” 

“F araday Has shown, by the most con- 
clusive experiments, 'that the electricity 
which decomposes, and that which is 


evolved l)y the decomposilioii ol a cci- 
lain quantily ol mailer, arc alike. Whal 
an enonnoii.s cpiantity of electricity, 
theieloie, is re(|iiircd lor ihc dccompo.si- 
Uou of a single, gram ol water! It would 
appear lluit 800, 000 charges of a Leyden 
hatlery, charged by lliii ly (.unis of a veiy 
laigc and ])()werful plate inaehiiie arc 
necessary to supply electricity ecpuil to 
the (puuility whicli is naliiially asso- 
ciated with the elements of that guiiii ol 
water endowing them with tlieir muUial 
cheinical affinity.* ** 

“The solar beam has been tortured 
till 0 ugh prismatic glasses and natural 
ciystals. Evciy chemical agent lias been 
tiicd upon it, every electrical foice in the 
most excited state bi ought to bear upon 
its operations, with a view to the dis- 
eovciy of the most refined of earthly 
agencies; Init it has passed thiough 
every tnal wilhont levcaliug its secrets, 
and even the effects which it jnoduccs 
ill its path are unexplained problems still 
to tax the intell(X‘t of man,” 

gnu iciest Susjxmsiou Budge in 
the world, we suppose, is oiici recently 
completed at the city of Pesth in the 
dominions of Austria. This bridge was 
commenced in 1840 according to the de- 
sign and under the directions of William 
Tierney Clark, an English civil engineer. 
It extends ovei the Danube and has a 
clear watciway of 1,250 feet, the centre 
span being 670 feet. The height of the 
suspension towers from the loundation 
IS 200 feet, but they liave 50 Icet of 
loundation m the water.’* 

“There is no class ol mechanics in the 
world that have so much responsibility 
lestmg upon them as Steam Engineers. 
Himdieds ol Engineers go on board of 
boats, Ol on locomotives, and are then 
pul in charge of a machine they know no 
moie about than the man does about the 
watch that he winds up, and they have 
to deal with an agent as subtle as the 
lightning from heaven. Siucly such men 
as these should not he trusted with so 
many valuable lives, and such a vast 
amount of property.” 

“We may regard the passage of Elec- 
tricity as instantaneous, so far as any of 
our senses are concerned; for its velocity 
is such, that it will start from Woon- 
socket, make 7 passages around our 
earth, and reach the Capital of the Chi- 
nese Empire on its eighth journey, in the 
brief space of a single second of time.” 




What happens when you hear? What happens inside 
your ear when sound waves come in from a telephone 
conversation? 

Bell Telej)hone Laboratories scientists have developed 
special apparatus to help answer these questions, for the 
telephone system is designed to meet the ear’s requirements 
for good listening. 

In the lest pictured above, the young lady sits before 
loudspeakers in a soundproofed room with a small hollow 
tube, reaching just inside the ear canal. Sounds differing 
slightly in frequency and intensity come from a loud- 
speaker. The subject seeks to tell one from another, record- 
ing her judgment electrically by pressing a switch. 


Meanwhile, the same sound waves pass down the hollow 
tube to a condenser microphone, and a record is made of 
the exact sound intensities she identified. Results help 
reveal the sound levels you can hear clearly and without 
strain— the sounds your telephone must be designed to carry. 

Scientists at Bell Telephone Laboratories make hun- 
dreds of tests in this manner. It’s just one part of the work 
which goes on year after year at the Laboratories to help 
keep Bell System telephone service the finest on earth. 


BELL TELEPHONE LABORATORIES 

Exploring and Invenfing, devising and perfecting, for con- 
finued improvements and economies in telephone service. 
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THE HALOID COMPANY 


49-102 HALOID STREET. ROCHESTER. N. Y. 



OPTICS to ORDER 


SERVING 


Manufacturers 
Laboratories 
Schools 
Colleges 

Experimental or Produc- 
tion runs for Scientific 
Apparatus Fabricated in 
Glass, Quartz, Salt, Stain- 
less Steel. 

Surfaced or drawn flat glass, cut^ 
edged and drilled to your specifi- 
cations. 

EsiMhhed 30 years 

A. D. JONES OPTICAL WORKS 

, 2400 Massochusetfs Avenue 
Combridqe 40 MossacHuselH 


Indecision is de- 
plorable, but 
sometimes a light 
ray must go two 
ways at the same 
time! 




If some of your light 
rays are faced with 
this problem, it will 
pay you to investi- 
gate our semi-trans- 
parent DUOLUX 
mirrors. 


They are noted for their hardness, perma- 
nence, and high optical efficiency. 

Mode by Evoporofed of Ifhoco. 

Since 1935 — The Pioneer In 
First-Surface Mirrors, 

Free d^scr/pf/ve folder on request. 
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FILMS CORPO RATION 

ITHACA, NSW YORK 



THE COVER 

Tlie painlmg on ihc cover shows some 
ol ibc cfl:cet.s produced by growth- 
inducing plant hoimones, or auxins 
{pa^e 40). In the ilowcipoL is a 
Icalanchoc, a tiopical jilant from 
Madagascar. Tlie thick growth of 
roots hallway up its right shoot was 
induced by an application ot the 
auxin indole-butyric acid. Parachloro- 
phenoxyacclic acid was applied at the 
same time, resulting in the monstrous 
growths on the upper part ol the 
shoot. The tomato at the right is a 
new seedless variety, created by auxin 
treatment of tomato-plant Howeis. 
just to the left of it is a tube ol human 
urine, source of the first auxin to be 
isolated and identified. In the back- 
ground aie a flask and a large bottle 
of water. The scene of the painting is 
tlie laboratory of P. W. Zimmernian 
at the Boyce Thompson Institute lor 
Plant Rcscaich in Yonkers, New York. 


THE ILLUSTRATIONS 

Cover by Stanley Meltzolf 
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John Wiley and Sons 
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What GENERAL ELECTRIC People Are Saying 


C. G. SUITS 

Vice President and Director of Research 

Resbarcit Exploring: In the days 
of Daniel Boone a good deal of ex- 
ploring could be done with a pack 
horse, a rifle, and some shot and 
dry powder. The regions of the 
earth that can he explored with 
simple equipment have been mostly 
worked over, however, and the mod- 
ern Daniel Boone uses airplanes, 
helicopters, magnetometers, and 
seismographs to do his work. 

The same thing is true of the 
scientific frontier today. Edison, one 
of the Daniel Boones of science, was 
able to make his remarkable inven- 
tions with the simple facilities and 
equipment of the laboratories I 
have been privileged to see today. 
But the scientific frontier that can 
be explored with such simple tools 
has receded almost to infinity. To 
explore today’s great frontier areas 
in the nucleus of the atom, the 
region of supersonic fluid flow, the 
semiconducting elements, the con- 
stitution of complex matter, ihe 
infrared radio spectrum, the region 
of absolute zero, and many others, 
requires scientific tools and facili- 
ties that are correspondingly com- 
plex. 

Edison Pioneersy East Orange, N, /. 

February 11, 1949 

★ 

D. E. CHAMBERS 

Executive Engineer, Research Laboratory 

International Competition: I 
have often thought that the role 
played by our technical potential 
in international competition was 
powerfully illustrated on the Pacific 
Islands by the comparison there oX 
the bulldozer in the hands of the 
American forces and the hand 
shovel in the hands of the Japanese. 
It is essential that we keep such 
comparisons as much as possible in 
our favor .4n the future, and to this 
end we must see to it that our tech- 
nical knowledge is always at least 
as good as that of any other nation, 
for the time factor will be so very 
short in the future. 

We must be sure that our facili- 
ties are always at least as up-to- 
date as those of any other nation. 


For example, if oxygen can be used 
subsLantiallv to increase the output 
of steel furnaces, we must be sure 
that, if possible, we are the first to 
achieve this result. 

We must be sure that we have 
plant for the quantity production 
of the items for peace or of modern 
war. Whether we have this plant 
depends upon the peacetime buying 
power of our people — and this de- 
pends upon our people having a 
relatively high standard of living. 

We have an increasing need for 
conserving our natural resources 
through increasing the efficiency of 
our machines and through the 
finding of substitutes for our scarce 
materials. American industry has 
already demonstrated its eagerness 
and its ability to satisfy this need. 
For example, 50 per cent more kilo- 
watt-hours can be produced per 
pound of coal than was the case in 
.1923, and many new synthetic ma- 
terials such as nylon and artificial 
rubber have been and will he pro- 
duced to conserve our national 
resources and to help free us from 
dependence upon foreign sources. 

U, S Military Academy, 

TVest Point, New York 
January 25, 1949 

★ 

J. J. HUETHER 

Manager, Central Station Divisions 

Gas Turbines: There is now in 
operation on a locomotive a 5000- 
horsepower, single-shaft, simple^ 
cycle, combustion gas turbine, de- 
signed to burn bunker C oil . . . The 
probable success of this unit led to 
the building of a 3500-kw combus- 
tion -gas -turbine generating power 
plant . . . 

A second unit — a 5000-kw high- 
efficiency power plant — has been 
designed and will be assembled for 
test within the next few months. 


This unit . . . has an over-all effi- 
ciency of 28 per cent at the generator 
terminals, contrasted with 17 per 
cent efficiency of the simpler 3500- 
kw unit . . . 

The 5000-kw high-efficiency plant 
with a fuel rate of approximately 
12,500 Btu per kw-bour will ask no 
quarter from any steam plant of 
equivalent size and 'will compare 
favorably with many larger steam 
plants in operation today . , . 

In this range of capacities, the 
combustion gas turbine seems to 
have a definite place as a base-load 
lant. A second application is in 
rming up service at the end of a 
line or in an outlying load center, A 
third application is as a standby 
plant ... It should not be inferred, 
however, that the combustion gas 
turbine is recommended as a rotat- 
ing or spinning standby plant- Its 
high noJoad losses rule it out for 
this application. 

For a fourth application, the com- 
pact size and the quick starling 
ability of the simplc-cyclc 3500-kw 
unit would seem to offer an ideal 
opportunity for portable power 
plants with railway car mounting 
for quick transporlalion to areas 
which have been wiped out by floods 
or hurricanes or other catastrophes 
— or as an emergency shaft to pick 
up the load in case of a breakage in 
a transmission line or failure of an 
existing unit . . . 

The stage has now been reached 
where time and experience are of 
greater importance than additional 
orders or development of new de- 
signs. The engineers, therefore, are 
in a condition of restrained en- 
thusiasm, working hard to complete 
the units now on order and to obtain 
all characteristics through engineer- 
ing tests, followed by practical op- 
erating experience, to determine 
such things as maintenance, life, 
and performance in service. 

National Assn, of Purchasing Agents, 

Chicago, 
February 7, 1949 
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AMONG the many miraculous phar- 
JTx maceuticals made in the great 
modern plant of Lederle Laboratories 
at Pearl River, N, Y,, is a preventive 
for Brucellosis, an infectious disease 
of cattle, cosdy to dairy farmers and 
dangerous to communities as a pos- 
sible source of undulant fever. 

The Lederle product, brucella abor- 
tus vaccine in powder form, comes in 
hermetically sealed and dated vials, 
each vial contatning over 300 billion 
live bacteria. 

When originally introduced in liquid 


form, the life span of the packaged 
bacteria was only around three months 
—after that the product was worthless 

The short shelf-life made the prod- 
uct costly to manufacturer and con- 
sumer, It prevented overseas shipment 
to foreign markets, 

Lederle purchased from DPI high 
vacuum sublimation equipment for 
dehydrating the product. This treat- 
ment, so well known to DPI engineers, 
improved the stability and extended 
the ’life* of the packaged bacteria 
from three months to a year. 


Uses for high vacuum range all the 
way from atomic research to the manu- 
facture of cosmetics and ornaments 
for the ten-cent store trade. 

There may be surprising ways high 
vacuum can work for you— in reducing 
manufacturing costs — in improving 
your product— or in converting seem- 
ingly worthless by-products into profita- 
ble commodities. We invite inquiries. 


Distillation Products, Inc. 

751 AIDGE ROAD WEST, ROCHESTER 13, N. Y. 

I>miiUers of OU-Solnhle Vitamhis md Other Concentrates for Science and Industiyt 
< Manufacturers of High-Vacuum Equipment- 
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Dovison Stlicofluorides are refined into free- 
flowing crystals, far superior and easier to use 
than unrefined grades. In combination with me- 
tallic elements or other constituents, Davison 
sllicofluorldes can be controlled to meet the 
most exacting requirements. 

Davison's research, technical knowledge and 
products are made available to industry 
through a program of customer education and 
service. 


A More Useful Future 

for rock with a past 

Silicofluorides . . . compounds of fluorine by- 
produced in manufacturing superphosphate 
from phosphaie rock . . . have many properties 
needed in chemical processing. They provide 
acidity for neutralizing, polymerizing, etching 
and fluxing operations. They are a source of 
metallic and fluoride ions. They find their way 
into light metal refining , . , into disinfectants, 
anti-fermentatives, mothproofing agents. 
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A STUDY OF ATTITUDES 

The psychology of U. S. soldiers was thoroughly 
explored during the war. The findings suggest 
some rich leads for peacetime social research 


I N July, 1941, the Secretary of War 
issued an order pioliibiling surveys 
of attitudes of enlisted men. If their 
altitudes were critical of the Army, the 
ordei said, a survey would be ‘*destriic- 
live in its effect on a military oiganiza- 
tion where accepted lesponsibility on the 
part ol evciy individual is jiindamental/^ 
Five months later, an exception to this 
rule was pcimittcd. With the pcisonal 
backing oi Chief of Staff Geoige C. 
Marshall, a group of psychologists and 
sociologists used anonymous question- 
naires to sound out the attitudes of a 
repiesentative cioss section of 1,500 en- 
listed men in one infantry division in 
training. The study was made tlie day 
after Pearl Harbor. For the first time in 
any modern army, the new methods of 
social science research had a chance to 
show their power in comparison with the 
reports of visiting officers, who had to get 
their impicssions fiom hapliazard and 
biased samples of informants. 

The report was critical, all right. 
Straight from the pencils of the men 
came frank and documented indictments 
of the tiaiiiing methods, the leadership 
system, and other activities of an army 
which was enmeshed in ancient tradition 
and only beginning to awake to the needs 
of modern mechanized war. The com- 
plaints were not just idle gossip and 
griping. For example, statistical tables 
and charts proved that the men were dis- 
criminating in their criticisms: some 
practices were condemned by nine out 
of 10; some were approved by almost as 
lai'ge a proportion. 

General Marshall himself read the re- 
port on this division. So did many of the 
officers on the General Staff. One gen- 
eral started reading it at midnight and 
said the next day that it was so exciting 
and revealing that he did not put it down 


by Samuel A. Slouffer 

until three o'clock in the morning. A 
consideiable numbei of changes were 
instituted as a icsuU of that one study, 
including a revision of plans for the new 
Officers' Candidate Schools. Most im- 
portant of all, the War Depaitmeat put 
such rescaich on a permanent basis. Be- 
tween Pearl Harbor and the end of the 
war, tlie Research Branch of its Infor- 
mation and Educalioii Division made 


EDITOR’S NOTE 

During the wai the author of 
this article was head of the profes- 
sional staff of the Research Branch 
in the War Department's Infoima- 
tion and Education Division. The 
work of the Research Branch was 
one of the largest social-science 
investigations ever made. The 
Piincelon University Press is now 
publishing the results of this un- 
precedented undertaking in four 
volumes. The first two volumes 
are now at book stores. Volume III 
will be leady this summer, Volume 
IV in the fall. The title of the senes 
IS Studies in Social Psychology 
in World War 11, The volumes: 

I. The American Soldier: Ad- 
justment During Army Life 

II. The American Soldier: Com- 
bat and its Aftermath 

III. Experiments on Mass Com- 
munication 

IV. Measurement and Prediction 


more than 200 surveys of representative 
samples aggi'egating over half a million 
U. S. enlisted men and officers. 

The Ai*my had opened up a new chan- 
nel of communication. The top command 


now could replace guesswork about 
some of the morale problems with evi- 
dence. To be suie, not all officers wel- 
comed it. There was always opposition, 
but skepticism diminished as the war 
piogicssed. The standard aigument that 
it would “upset a man's morale" to give 
him a chance to say Irankly what he 
thought without lear ol reprisal was easy 
to refute with evidence. 

Moreover, it was possible to show that 
these siuveys, using tlie best methods 
available to social science, got down to 
some solid realities. They proved to be 
of value in predicting the performance 
of groups of men in combat. For exam- 
ple, before the Normandy invasion all 
the enlisted men in the 108 rifle compa- 
nies in four divisions weie studied in 
England. An attitude or morale index 
was constructed for each company. After 
two months of fighting in Normandy, 
each company's recoid was compared 
with its pre-battle attitude index. The 
criterion of its behavior undei the stress 
of combat was taken to be its noncombat 
casualty rate, because many if not most 
of the noncombat casualties at this peri- 
od were psychiatric in character, and 
some companies had much highei non- 
combat casualty rates than others. Com- 
paring the three rifle companies with 
the woist attitude index with the three 
rifle companies with the best index in 
each regiment, we found that on the 
average the companies with the worst 
indexes before combat had 60 per cent 
more nonbattle casualties in Normandy 
than the companies with the best. 

T he surveys were applied to hun- 
dreds of problems, many of which do 
not loom large in the perspective of total 
wai% but were important at the time. 
Why did men in malarial regions fail to 



QUESTION ''SDiriG Army divisions have companies NVhich include Negro platoons 
and white platoons How would you feel about it if your outfit was 
set up something like that?" 


PERCENTAGE RESPONDING 


Ratlior not, but Just as soon 
Would dislike It would not have it as any Would 

It very much matter too much other setup like it 



Infantrymen in a company which has a Negro platoon 
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Cross section of other rieid Forces units which do not 
have colored platoons In whito companies 


PERCENTAGE GIVING INDICATED RESPONSE TO RELATED QUESTION 
QUESTION ''Check the one statement which comes closest to expressing how you 

feel toward Sometimes 

They No dislike strong feel- 
are just strong but no ings against No 
like us feelings halo thorn ans. 

GERMAN SOLDIERS ^ ~ - 

April, 1045 


August, 1945 

GERMAN COMMON PEOPLE 
April, 1945 



Strong 

hatred 


3795 


21 3013 


20 


QUESTION "Do you think the ordinary German people are to blame for starting the 
war, or do you think it is just the group ot Nazi mihtarustic leaders who 

are to blame?" Pew or almost none Most or almost all of 

of ordinary Germans No ordinary Gormans 

to blame ans. to blame 


April, 1945 
August, 1945 



71 


QUESTION "Do you think Germany will ever again be a nation that we can trust 
and treat as an eijual?" 

Unde- No 

Yes cided ans. No 


April, 1945 
August, 1945 



55 


QUESTION "About how many ot the German people do you think can be educated 
away from Nazism and taught to really think and act like democratic 


people?" 

Almost all No About 

or most ans. half 

Fflw or 
almost none 

August, 1945 



25 

April, 1945 

1 
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TECHNIQUE OF SURVEY and results arc illustrated 
in tliis dial I of while soldiers'’ attitudes toward serv- 
in^> with Negroes. Men were iiollcd ])y questionnaire. 
Number at right of bar shows size of sample polled. 


ATTITUDES TOWARD GERMANS weie measured 
l)y this scries of queslions asked U.S. soldiers in llic 
European Theater in April and August, 1945. The re- 
sults show a measurable drop in liosti lily after war's end. 


use Atabrine as legularly as they should? 
What attitudes and piaclices were asso- 
ciated with trench foot^ Which of two 
kinds of huts did men in Alaska prefer? 
What weie the favoicd types of winter 
clothing among front-line troops in Bel- 
gium, Luxembuig and Germany? What 
radio transcriptions did men want? 
What did they like most to lead m Yank 
magazine^^ What about needs foi ath- 
letic equipment? What could be done 
to improve a difficult laundry situation 
in Panama? What were the sources of 
difficulties in soldiers" relations with the 
French? Such inquiries were routine and 
were made in increasing numbers 
Some of the larger-scale enterprises 
were. Studies of soldiers’ postwar plans, 
which provided a factual basis for draw- 
ing up the GI Bill of Rights; studies of 
psychiatric screening which led to the 
development by the Research Branch, 
in cooperation with the Surgeon Gen- 
eral, of a test that was used routinely 
in all induction stations in the last year 
of the Avar; special surveys of the Air 
Forces and of other large components 
of the Army such as the infantry (the 
idea of the Combat Infanttyinan’s 
Mdge grew out of one of these studies) 


analyses of problems of occupying 
lioops, which led to changes in occupa- 
tion policy in Germany. 

One of the most useful reseaiches was 
the one that established the point sys- 
tem foi demobilization at the end of the 
war. The President and the War De- 
partment decided that the order of 
demobilization should be detci mined in 
teims of what the soldiers themselves 
wanted. The idea of a point system was 
conceived in the Research Bianch Rep- 
lesentative samples of men throughout 
the world weie queried, and from their 
lesponses the variables of length of 
service, overseas duty, combat duty and 
parenthood emerged as most significant. 
The final weights assigned to these vaii- 
ables yielded point scores which had a 
close correspondence with the wishes of 
the maximum number of soldiers, even 
if they did not exactly reproduce these 
wishes. Studies of reactions to the point 
system showed that the response to it 
was remarkably favorable, except among 
minorities who felt they were personally 
most injured by it (for example, combat 
infantrymen) Even after many men be- 
came angered by the alleged slowness 
of demobilization, the majority, though 


hostile to many it not most Aimy policies, 
continued to approve the point system 
(which detei mined the order, not the 
late, of demobilization) In view of the 
explosive tensions in the early doinobili- 
zation period, histoiiuns may find that 
the estalilishment of an objective system 
whose justice was accepted by most men 
saved the countiy horn what could 
have been a crisis sciiously damaging 
to Ameiicaii prestige. 

P LAINLY the findings and the experi- 
ence gained from these many surveys 
are not limited to the military spheie oi 
to wartime ai^plication. While these were 
all studies of men at war, they liavc im-. 
plications of geneial social importance. 
For social scientists their chief present 
interest lies in the question of how the 
findings and techniques that were de- 
veloped can be applied to civilian insti- 
tutions. 

One important problem to which they 
may be applied, for example, is that of 
increasing job satisfaction. In “World 
War I psychologists first measured apti- 
tudes on a large scale, with such crude 
devices as the Army Alpha test. Out of 
that work came hundreds of psycho- 


PERCENTAGE OF MEN REPORTING THE SPECIFIED NUMBER OF FEAR SYMPTOMS 
IN BATTLE, AMONG MEN SAYING THEY WERE EXPOSED TO EACH COMBINATION 
OF SOURCES OF STRESS 


AVERAGE NONBATTLE CASUALTY RATE 


Number of fear symptoms tuportcd 



High casualties m company, saw one or more of best friends Killed, 
witnessed enemy atrocity 


67 



High casualties m company, saw one or more of best friends killed; 
did not witness enemy atrocity 



High casuaittes tn company; did not see any of best friends killed, 
did not witness enemy atrocity 



Low casualties in company, did not see any of best friends killed, 
did not witness enemy atrocity 


108 


Companies in each regiment grouped according to scores on 
WILLINGNESS FOR COMBAT 

Best 3 companies 

Medium 3 companies 

Worst 3 companies 



Companies in each regiment grouped according to scpres on 
CONFIDENCE IN L- ' AT STAMINA 


Best 3 companies 
Medium 3 companies 
Worst 3 companies 



Gomoames m each regiment grouped according to scores on 
CONFIDENCE IN COMBAT SKILL 


Best 3 companies 
Medium 3 companies 
Worst 3 companies 



Each bar represents 36 companies 


FEAR IN BATTLE (lopr^ndcd on ilic nunibcr 

and closeness of casiiallies previously witnessed l»y llie 
soldier qucslioiK^d. This survey was made ainono eoni- 
l)al veterans in an infantry division in the South Pacific. 


PRE-BATTLE MORALE measurements showed p;ood 
al)ility to j)rcdicL how men would ]>ehave later in com- 
bat. Companies wilh higlicsl scores on llie moialc in- 
dex had fewest non]>atlle (ncuropsychiatric) casualties. 


logical studies in the years between the 
wars. By World Wai 11 psychology was 
ready with improved techniques ol 
measiiiement and classification to aid in 
the selection of airplane pilots, navxga- 
tois and bombardiers, and to assign 
soldiers generally on a basis that took 
account ol their abilities. But satisfac- 
tion and efficiency on the ]()]:> depend on 
more than aptitudes. They depend also 
on the interests and motivations of men. 

In World War II the Bcsearch Branch 
found that aptitudes and attitudes were 
like the two blades of a pair of scissors. 
Men who got a chance to volunteer foi 
their specific assignments weie much 
better satisfied than those who never got 
a chance to choose, even though many 
of the lattei actually were using their 
civilian skills. It would have been pos- 
sible lor the Army to extend the range 
of freedom of choice much further. In 
the future, in civilian industry as well as 
in the armed forces, it is likely that much 
more attention will be given to such at- 
titudes. More can be done to glamorize 
unpopular jobs— the Navy may have 
shown how to do this with its Seabees. 

One of the most important concepts 
used in the Besearch Branch was the 


principle of relative depiivation. This 
idea leconciled many otheiwise para- 
doxical findings, not only in the field of 
job satisfaction but elsewhere. For ex- 
ample, two of the most extreme branches 
ol the Army as lar as piomotion oppor- 
tunities were concerned were the Air 
Forces and the Military Police. The Air 
Forces were lull of seigeants and cor- 
poials. The MPs were mostly privates. 
Yet men in the Air Foiccs complained of 
lack of promotion opportunities more 
than did those in the Militaiy Police. 
Why? The concept of lelative depriva- 
tion led to an answer. Since most Air 
Forces men got promotions, those who 
did not tended to be personally ag- 
grieved. Since few MPs got promotions, 
those who did not had so much company 
that they did not take it as a personal 
injustice. MPs who were promoted were 
so few that the piomotion was a matter 
of exceptional pride. In other words, 
one’s deprivation was always viewed 
lelative to that of others, and the re- 
search problem was to find out who the 
“others” were 

Almost everyone expected that North- 
ern Negro soldiers stationed in Southern 
camps would be more dissatisfied than 


those stationed in Noiihein camps. It is 
tiue that those sent South did complain, 
often bitleily, of Jim Crow regulations 
and of treatment by the local police. Bui 
in general their morale was as good as 
or bettei than that of Northern Negroes 
stationed in the North. Why? After 
elaborate cross- tabulations that elimi- 
nated education and other factors as 
the explanation, it finally appeared, as 
should have been seen earlier, that rela- 
tive to civiliair Negroes in the South the 
Negro soldiei apparently perceived him- 
self to be well treated. But when a 
Northern Negi’o at a Northern camp 
compared himself with civilian Negroes 
making big money in the war industries, 
he apparently felt himself not so fortu- 
nate. 

In spite of intense eagerness to get 
home, the job satisfaction of soldiers in 
the rear aieas of active theateis overseas 
was as high as or higher than that of 
men doing the same kinds of jobs in the 
U.S. Why^ Part of the explanation, of 
course, was the sense of the importance 
of their overseas mission. But another 
significant aspect appears to be the fact 
that, relative to the combat troops they 
knew, the rear- area men had jobs which. 
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though often unpleasant, tended to be 
safe. Veiy few were found who had the 
desixc to change places with the combat 
men. 

On the other hand, these loar-aioa 
tioops and soldiers in overseas noncom- 
bat areas such as Panama, Alaska, Iian 
and most of India-Burma were the most 
vocal of all in their criticism of officers. 
Why? Analysis of many studies all ovci 
the woild indicated that one of the basic 
factors in enlisted men s antipathy to 
officers 1 elated to the special privileges 
of rank, which involved many practices 
alien to Ameiican democratic traditions. 

If the supply of atti active women, 
liquor 01 enteitainment was severely 
limited, as was often the case overseas, 
the pioblem of equitable distiibution be- 
came acute. If, as was charged, the offi- 
ceis tended to monopolize such desired 
objects, the men's resentment is un- 
derstandable. There was even greater 
scarcity of these atti actions in the front 
lines, but there the officeis and men 
shared the same deprivations. At camps 
in the U.S. there was less deprivation; 
therefore the so-called caste system, 
though productive of much irritation, 
was not as heavily criticized there as in 
places where the relative depilvation of 
enlisted men as compared with officers 
was greatest. 

A ll this has significant implications 
-for civilian life. In industry, or in 
the family, or wherever wo aie, satis- 
faction is a relative maUor. The key to 
undei standing a given attitude is to learn 
the context in which the attitude is ex- 
piessed and the standards of comparison 
that exist in the given situation. 

These studies also made clear the im- 
portance of studying what the sociologist 
calls informal social controls. Perhaps 
few organizations have more elaborate 
formal rules than the Army, but in the 
last analysis, in the Aimy as elsewhere, 
the most powerful control is that of one's 
own fellows. Some searching analyses 
were made of the process of “gold- 
bricking”— that is, appearing to be busy 
without really accomplishing much of 
anything. Goldbricking, an older word 
for which, significantly, is “soldiering,” 
sometimes was practiced with so hearty 
a group spirit that it represented high 
morale from the standpoint of the 
group— though not from the standpoint 
of the Army command. Studies showed 
that there were clear-cut codes about 
goldbricking. A soldier who refused to 
conform to the code was a target for 
scorn from his fellows; on the other 
hand, when the group felt that a given 
task was necessary or that the group 
would be punished if it were not ful- 
filled, then an individual goldbricker be- 
came an object of scorn. 

A long series of studies of combat 
troops, based on thousands of systematic 
int^views and on personal front-line ex- 
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pencnces of Reseaich Branch members, 
emphasized the cenlral impoitance ol 
such informal coiiliols, or group opin- 
ion, in stic.ss situations. Compared with 
the feeling that one must not lose lace 
in tlic eyes of one's fellows or let thorn 
down, patiiotism, haired of die enemy 
and other stereotyped explanations of 
what keeps a person going m combat 
seem to have been negligible factois. 

One of the greatest weaknesses of 
social science has been the inlrcqucncy 
of its use of deliberately designed con- 
liolled experiments, which arc the only 
sure method ol detei mining whetlier a 
change m one variable acLually will bo 
followed by a change in another. From 
the beginning of the war the Research 
Branch i ccognizcd the need for such ex- 
periments. But neither the Army nor the 
U.S, public in general has been in the 
habit of asking for this kind of evidence 
from social scientists. Although the 
Army would not think of adopting a new 
weapon without exhaustive tiials, it was 
not neaily as ready to try out a new 
social idea— such as a different personnel 
policy or a different training method- 
on a very limited .scale, with careful con- 
trols to measure exactly what the effects 
would be. 

There were instances in which the Re- 
search Branch was able to obtain a kind 
of experimental proof, even m situations 
that were not deliberately set up as con- 
trolled experiments. For example, the 
Aimy tried out in Europe the ladical 
idea of placing an entire platoon of 
Negro volunteers in a white infantiy 
combat company. This was done in sev- 
eral divisions, most of which saw several 
months of subsequent battle. At the end 
of the campaign interviewers polled 
sample gi’oups of men in several divi- 
sions to find out how the attitudes of men 
who had served with Negroes compared 
with those of men who had not. In di- 
visions that had no mixed companies, 
62 per cent of the soldiers said they 
would dislike very much to serve in the 
same companies as Negioes. Of white 
infantiy men who bad fought in the same 
divisions but not the same companies as 
Negroes, only 20 per cent said they 
would dislike it very much. And among 
white infantiy men who had actually 
been in the same companies as Negroes, 
only 7 per cent said they dishked it very 
much. 

There was another very interesting 
finding. Two thirds of the white men in 
the mixed companies, when polled after 
the experience, said that they had been 
opposed to the scheme beforehand and 
had thought it would fail. This was 
almost exactly the same proportion of 
opponents as was found in divisions that 
had not experienced the plan; in other 
words, the retrospective answers about 
attitudes corresponded closely to those 
of groups reporting current attitudes, so 
one finding tended to confirm the other. 


The findings can therefore be consid- 
ered, cautiously ol course, to approach 
in reliability the result of a controlled 
experiment, although it falls far short of 
the ideal. 

E arly in the wai the Research 
f Branch sought a full-fledged oppor- 
tunity to demonstrate the value of con- 
trolled experiments. This opportunity 
came in connection with the physical 
training piogram. 

A committee of physical educators 
had proposed a new physical condition- 
ing program lor the Army, based on 
modem expeiiencc in training football 
play CIS and other athletes. They be- 
lieved that the traditional Army regimen 
of setting-up excicises and hikes was un- 
interesting to the men, time-consuming 
and generally inefficient. A Research 
Branch survey of samples of troops 
throughout the countiy, using tests of 
physical proficiency devised by the com- 
mittee, confirmed the criticism. It 
showed that men who had been in the 
Army six months to a year and had been 
subjected to the old-fashioned condi- 
tioning system made little better scores 
on tests of sti*ength or of stamina than 
did new recruits. That the tests were 
valid measures of physical condition was 
confiimcd by the fact that paratroopers, 
initially selected for ruggedness and sub- 
jected to particularly iigorous physical 
tiaming, weie able to make high scores 
on them. 

A coiiti’olled experiment was then set 
up. Two samples of new recruits, 
matched on initial proficiency tests, 
were selected. One sample was put 
through the conventional Army course 
of calisthenics and hikes. When retested 
the gi oup showed only a slight improve- 
ment over its initial scores. The other 
group was given the rigorous new pro- 
gram of training. After six weeks its 
proficiency scores weie far superior, 
almost as high as those of the para- 
troopers Moieovei, the men getting this 
tiaining liked it better than did those 
in the traditional progiani. The results 
persuaded the Army to scrap its tradi- 
tional procedures and introduce the new 
piogram on an Army- wide basis. 

While the hopes that this demonstra- 
tion would induce the Army to tiy other ^ 
experiments in handling its human re- 
sources were not fully realized, the use 
of controlled experiments became an im- 
portant part of the developmental work 
of the Information and Education Di- 
vision. One of the functions of this Divi- 
sion was to make motion picture films 
to give the soldiers better orientation to 
the war. The “Why We Fight” series 
of films, produced under the direction of 
Colonel Frank Capra, was studied in de- 
tail. Analyses were made by the attitude- 
survey method of the effectiveness of 
the films in general, the differential 
effects on different types of soldiers and 



the impact of specific elements of film 
content. 

Experimental studies also weie of use 
m testing theories on propaganda tech- 
niques. For example, is propaganda 
more efFective when it tries to present 
an opposing point of view and refute it 
than when it merely leiterates one's own 
position, a la Goebbels? Experimental 
studies made in the Research Branch 
suggest that the answer may be yes and 
no. Presenting both sides seemed to be 
more effective for winning the better- 
educated soldiers to the point of view 
wanted, but less effective among the less 
educated. The latter tended to get from 
the two-sided piescntation doubts that 
they might not otheiwise have had. 

O NE of the chief obstacles to carry- 
ing out controlled experiments is 
the lack of good criteiia of measure- 
ment. For example, the Research Bianch 
made extensive studies of fear among 
soldiers. Thousands of combat men were 
interviewed. Some expeiimcnts were 
carried out, notably at the school for 
training paralioopers. But even at the 
end of the war there was no reliable 
answei to the following question* Is it 
better to scare combat soldiers badly 
from ihe beginning of their training, to 
lead them gradually into more and more 
hightening situations, or not to scare 
them at all? What complicates the prob- 
lem is that lear may have either liarm- 
ful or useful effects: It may freeze a 
person or cause him to act erratically or 
run away; on the other hand, it may 
make him moie attentive to danger sig- 
nals and selective of those to which he 
must respond in different ways. The 
trouble is that we have as yet no good 
cziteiia for measuring fear and evaluat- 
ing its adaptive value. 

A good case can be made for the 
hypothesis that this lack of measured 
criteria is one of the main reasons why 
expeiimentation in the social sciences is 
so rare as compared with the physical 
sciences, and why the social sciences 
have moved so slowly. Medical science 
made similarly slow progress until mod- 
ern instillments of biological measure- 
ment were developed. The Research 
Branch made some new attacks on the 
measurement problem in social psychol- 
ogy and sociology, and a considerable 
part of its report is devoted to a fresh 
analysis of measurement theory which, 
it is hoped, will stimulate concerted 
efforts in this direction. Another decade 
or two of accumulated experience is 
likely to see great improvements in social 
science, particularly as more and more 
of the newer students get a hardheaded 
training in mathematics, statistics and 
the design of experiments, 

Samuel A. Stoiiffer is professor of sociol- 
ogy and head of the Laboratory of So- 
cial Relations at Harvard University. 


(a) After the war when the Army starts releasing soldiers back to civilian life# 
which of these two groups of men do you think should be released hrsi? 
(Check only one) 

— — _ Men with dependents 
or 

Men over 30 years of age 

(b) Which of these two groups of men should be released first? (Check only one) 

.„Men who have been in the Army longest 

or 

Men with dependents 

(c) Which of these two groups of men should be released f/rst? (Check only one) 

- Men over 30 years of age 
or 

Men who have served overseas 

(d) Which of these two groups of men should be released first? (Check only one) 

Men who hove served overseas 

or 

Men who have been in the Army longest 

(e) Which of these two groups of men should be released first? (Check only one) 

Men over 30 years of age 

or 

Men who have been m the Army longest 

(f) Which of these two groups of men should be released firsf^ (Check only one) 

Men with dependents 

or 

Men who have served overseas 


QUESTION gBnml, What do you think of the Army Score Card Plan (the point syitem)?*' 


PERCENTAGE RESPONDING 
Not Not No 

good so opin^ Fairly Very 



POINT SYSTEM for demobilization was based on preferences of soldiers 
as expressed in world-wide j)oU (above). Most GIs later approved system 
adopted, but approval varied somewhat with the individual circumstances. 
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Pauling and Beadle 


Two investigators at the California Institute of 
Technology have laid the groundwork for an 
unusual partnership of chemistry and biology 


by George W. Gray 


M ore than four ceiitiiiies have 
passed since Paracelsus of Ho- 
henheim gave scientific medicine 
its charter in his celebrated hypothesis: 

The human body is a' conglomeration 
of chijmical matters, xohen these are de- 
ranged illness results, and naught htit 
chtjmical medicines may cure the same. 

It has taken man a long time lo learn 
even a small part ot these “chymical mat- 
ters/’ As recently as 1849 the molcculai 
weiglit of water was so unccrlamly 
known that this principal ingredient of 
the body’s conglomciation was still being 
written as PIO by many chemists. In- 
deed, the idea that each atom has a 
definite combining power was ycL lo 
be accepted. Now tlie situation has 
changed. Biochennsiry is loday the piin- 
cipal battleground of science’s attack on 
disease. The wealth of physiol ogically- 
usefiil chemicals whose identification 
came out of these studies— such com- 
pounds as the vitamins, the hormones 
and the antibiotics, to name but three 
gioups— provides powerful evidence m 
support of the Paracelsian doctidne and 
has spurred research in hundreds of uni- 
versities, medical schools, and institutes. 

A recent visit to the California Insti- 
tute of Technology gave me the oppor- 
tunity to see at first hand a s hiking 
example of the present-day partnership 
of chemistry and biology— a union which 
has been solemnized at the Institute in a 
large new joint project of its chemical 
and biological divisions. The chemists 
and biologists here are not consciously 
seeking for new vitamins, new hormones, 
new antibiotics, or any other specific nu- 
tritional or therapeutic agent. Their 
quest is for more fundamental knowl- 
edge. They are conduchng a systematic 
search uito the ways in which the body’s 
molecules behave. And because die liv- 
ing process is always associated with 
huge molecules comprising hundreds, 
thousands, and even tens of thousands of 
atoms in a single structure, the program 
at the Institoteis being focused primarily 
on these giant molecules. Their attrac- 
; vdons and repulsions, ^eir Combinations 



and modifications, then breakdown into 
smaller units and the joining of tlicse into 
new eombmation.s— it is such goings-on 
that the Pasadena scientists are prying 
into with all the techniques that chemis- 
tiy can bring lo leinfoicc those of biolo- 
gy. Their inquiry is directed at the most 
limdamcntal of all biological processes: 
icpioduction, nutrition and giowth, each 
studied at the molecular level. 

Biochemistry has two avenues of ap- 
proach. One may cnlci it from cither the 
biological side oi the chemical, and usu- 
ally the mam stienglli o( a icscareh pio- 
giam comc.s from one or the olhen of 
these two directions, seldom liom bolh. 
A remarkable aspect oi the dual piojcct 
at Pasadena is its balance. This is not a 
case of a biological laboiatory adding a 
chemical department to its facilities, nor 
yet that of a chemical laboratoiy taking 
ail interest in biological pioblems. It is, 
lather, a joining of forces between two 
coordinate divisions, each of which is a 
leader in its field. 

T PIE Division of Chemistry at the Cali- 
fornia Institute was founded by Ar- 
thur A. Noyes, wlio had previously 
served as acting president ot the Massa- 
chusetts Institute of Technology. lie was 
a physical chemist; his emphasis was on 
the inorganic aspects of the science, and 
aspiring chemists from all ovei America 
came to California to study the funda- 
mentals undei the master 

Among these students was Linus Paul- 
ing, a recent graduate of the Oregon 
State Agricultural College, Perhaps 
Noyes saw in him the man he wanted to 
ti'ain as his successor. At all events, the 
young Oregonian became a favorite pu- 
pil, spent three years of advanced study 
under Noyes, and was so imbued with 
the physical aspects of chemistry that he 
seriously considered specializing m 
atomic physics. A Nabonal Research Fel- 
lowship enabled Pauling to spend a year 
in Munich with one of the world's lead- 
ing theoretical physicists, Arnold Som- 
m erf eld, and these studies were con- 
^^^ued the following year with Niels 
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Bohr at Copenhagen and Eiwin Schio- 
dmger at Zuiich, But the problems that 
made the strongest appeal to liim weie 
in chemistry, so Pauling lemained a 
chemist, meanwhile continuing his in- 
vestigation of the forces that operate 
between atoms and molecules, a study 
which resulted m his great book The 
'Nature of the Chemical Bond. The Cali- 
fornia Institute oi Technology made him 
a lull proiessoi m 1931, wlien he was 
only 30 ycais of age, and lollowmg 
Noyes’ death in 1936 Pauling was ap- 
pointed to succeed him as chan man of 
the division and diiector of the chemical 
laboratories. 

‘T was a physical chemist,” explained 
Dr. Pauling, “with this dominating in- 
terest in the 1 01 CCS which cause atoms to 
join into molecules and molecules lo 
leact with one another. The forces are 
electrical, of couise, and depend on the 
number of protons and elections present 
and the oider of then airangement in the 
stiuctuies. This is essentially a physical 
subject; or, lather, it belongs to that 
liorderland where chemistry and physics 
merge In these mvesligalions I naturally 
selected the simpler molecular stuictuics 
to work with, such as the metals and in- 
01 game compounds; but m the coin sc of 
the lescaich I also tested an organic sub- 
stance wliose molecule is large and com- 
plicated— the hemoglobin which gives 
the blood cells then led color. I found 
that m ai terial blood the hemoglobin was 
repelled by a magnet, but in venous 
blood it was attracted. This led to a study 
of the chemical bond between the hemo- 
globin and the oxygen which it picks up 
in the lungs. I wanted to consult some- 
one who had specialized on hemoglobin 
and found the authority m A. E. Mirsky 
of the Rockefeller Institute for Medical 
Research. Mirsky came to the California 
Institute for a year, and we collaborated 
on a study which resulted in a joint 
paper.” 

This paper attracted the attention of 
Karl Landsteiner, the discoverer of blood 
types, and Landsteiner asked Dr. Paul- 
ing if his theory of the chemical bond 



could tlirow ]ij 2 ,hl on a certain antil^ody 
leaction. Laiidsteinei’s lequcst intio- 
duced Pauling to the highly complicated 
.specialty ol iinmiinology. The two men 
became close Incnds and Irequcnt con- 
feiees on the subject. '‘Fiom that time 
on/’ said Pauling, “I gave a gieat deal ot 
thought to the chemical aspects of im- 
munology, tiymg to understand, in terms 
of the chemical bond, how an antibody 
neutializes a virus oi other antigen.” By 
1939 he had ai lived at a chemical pic- 
tuie of the leaction and reported his le- 
suits to the Ameiican Chemical Society 
as “A Theoiy of the Stuictuie and Proc- 
ess of Foimation of Antibodies.” 

Thus under Pauling tlie chemistry di- 
vision at the California Institute added 
to its progiam the investigation of hemo- 
globin, antibodies and othei molecular 
giants that oiiginatc only in living sys- 
tems, while still continuing the basic 
woik in the chemistry ol inoiganic and 
simplei oiganic substances. 

M eanwhile a tiansition was also 
taking place in the Institute’s Divi- 
sion of Biology. This division had been 
organized in 1928 by Thomas Hunt 
Morgan, who had left the chair of exper- 
imental zoology at Columbia Univeisity 
to pioneer this new planting in Califor- 
nia. Like Noyes in j^hysical chemistry, 
^-lorgan was alicady world-famous in 
genetics; and his coming to Pasadena 
brought several strong additions to the 
faculty, most oJ them geneticists, and at- 
tracted fiom all pails of the country stu- 
dents who wished to specialize in this 
science. 

Genetics lends itself to mathematical 
treatment more easily than most biologi- 
cal sciences, and peihaps it is rightly 
called the most ‘physical” of the branch- 
es of biology. Certainly Moigan had a 
strong urge toward collaboration be- 
tween biology on the one hand, and 
chemistry, physics and mathematics on 
the other. After Morgan’s retnement in 
1941, the biological division was admin- 
istered for several ycais by a temporaiy 
staff committee. Toward the end of 1945 
a successor to Morgan was found m the 
person of Stanford University’s professor 
of genetics, George W. Beadle. 

Beadle’s histoiy had closely paralleled 
that of Pauling. -Both men had been Na- 
tional Research Fellows; and as Pauling 
had come to the California Institute to 
study under Noyes, so Beadle had come 
to study under Morgan. It is also signifi- 
cant that at the lime when Pauling was 
turning his attention more and more to 
the biological molecules, Beadle was be- 
coming interested in chemistiy as the 
handmaiden of genetics. During his 10 
years at Stanford he had devoted most of 
his research effort to experiments with 
the bread mold, Neurospora, and was 
able to demonstrate in this lowly fungus 
that the processes of nutrition are di- 
rected by the genes. Perhaps it is not 



LINUS PAULING is head of Calleoli'’s Division of Chcinisliy. He first came 
to the liistituic from Oregon Slate College, was maclc a full professor at 30. 



GEORGE BEADLE is head of Caltech’s Division of Biology. He studied 
at the Institute with Thomas Hunt Morgan, became head of Division in 1945, 
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JPORMATJION OF ANTIBODY may proceed somewhat 
as shown in flbieise drawings. Antigen molecule here is 
a roughly spherical structure of atoms. Precursor of 
f ^milhody mole^^e d, long polypeptide chain. Two 



ends of the chain are folded to fit characteristic parts 
of the antigen (H, III, and IV) . Two fitted ends are then 
joined by further folding (V) . Final antibody (VI) 
is able to combine with two antigens to form clumps. 


undue puuse to say that Beadle’s work 
with the mold did moie than any other 
leseareh to establish the chemical nature 
of genic action. 

With chemical icseaich in charge of a 
biologically-minded chemist, and with 
biological icscarch placed undei the di- 
lection of this chemically-minded genet- 
icist, the Call ! 01 ma Institute now ofleied 
an unusual opportunity. The Divisions of 
Biology and Chemistry immediately pie- 
paied a piospcctus outlining “a joint 
program of research on the lundaraental 
pioblems oi biology and medicine.” The 
piogiam would occupy 15 yoais and 
would involve consideiablc enlargement 
ol staff Application was made to philan- 
thropic loundations loi suppoit. It was 
estimated that about five yeais would 
be lequircd to biing the piogiam to its 
full operating capacity. As mtciim giants 
to assist the woik during the ‘'letooling 
peiiod,” the Rockefeller Foundation ap- 
propriated $50,000 in 1946 and an equal 
amount in 1947, following these m 1948 
by a long-term appropriation of $700,- 
000 to bo paid in annual installments of 
$100,000. Thus $800,000 has been com- 
mitted by this one agency within the last 
thiee years. In addition, the project has 
attracted suppoit from other sources. 
It is getting $60,000 a year from the Na- 
tional Foundation for Inlantilc Paralysis, 
and lesser grants from The Nutrition 
Foundation and the Hermann Fiasch 
Foundation. The woik occupies an im- 
pel tant place m tlic budget of the Insti- 
tute, and by 1951 it is expected that 
this rescaich will entail annual expendi- 
tures of $400,000. 

O F the two essentials to successful re- 
search-manpower and equipment— 
the human element is of course the more 
important. Wliat makes the situation at 
the California Institute challenging is the 
presence there of the two staffs of scien- 
tists with theii already integrated team- 
work of biology and chemistry. Iir 1946, 
when the joint piogram was projected, 
the staff in biology, including all workeis 
from professois to rescaich fellows and 
assistants, was made up of 32 persons; 
and the corresponding groups in chem- 
istry totaled 86. At present biology is 
employing the services of 79 and chem- 
istry 97, a grand total of 176 for the two 
divisions, or an increase of 49 per cent 
over the status of three years ago. 

Among the recent staff additions are 
John G. Kirkwood in chemistry and Max 
Delbrilck m biology. Kirkwood is in 
die distinguished line of physical chem- 
ists He was Todd Professor of Chemistry 
at Cornell in 1948 when called to the 
newly established Arthur A. Noyes pro- 
fessorship of physical chemistry at the 
California Institute. Like Dr. Pauling, 
he has a piedilection for the giant mole- 
cules, and recently developed a new type 
of electrophoresis apparatus with which 
to study their properties. Tests made at 


Pasadena within the last few months 
show that the Kirkwood appaiatus will 
sepaiate the pioteins of blood plasma to 
a finei degiee than any other device 
herclofoie used. 

Delbruck is a physicist turned biolo- 
gist. His piimaiy tunning was in Gei- 
many in theoietical physics, but he be- 
came interested m bacteriology and 
came to the U S, as a Rockefeller Fellow 
in biology. He has made many contii- 
butions to our knowledge of bacteiio- 
phages, the invisible viiuses which piey 
upon bacteria (Scientific American, 
November, 1948) , The viiuses occupy a 
boi del land between the living and the 
nonliving, between biology and chem- 
isliy, and study of them constitutes an 
important part oi the joint piogram. Del- 
In uck joined the Institute faculty in 
1947, coming fiom Vanderbilt Univer- 
sity. 

Among the specialized researchers 
on the combined staffs is Laszlo Zech- 
mcistei, foinieily of the University of 
Pecs, tlungaiy, who came to the Insti- 
tute as piolessor of organic chemistry 
in 1940. Zechmeistei is an authority in 
chromatography, an amazing technique 
for separating organic pigments out of 
mixtures— and his specially is contiibut- 
ing directly to the joint research pro- 
giam. Anolhei worker is Dan H. Camp- 
licdl, an immunochemisl, bi ought here in 
1942 from the University of Chicago. 
Campbell has been collaborating with 
Pauling in an effoit lo synlhesizc anti- 
bodies l3y direct chemical means— a dar- 
ing project which if successful may revo- 
iutioiiize the control of infectious disease. 

The plant and equipment of the com- 
bined divisions are already impressive, 
and additions are planned. Besides the 
main chemical and biological laboratory 
buildings, which adjoin each other, there 
are three off-campus laboratories of plant 
physiology, greenhouses, a 10-acre farm 
devoted to the study of genetics in corn, 
a marine laboratory at Corona del Mar 
on the Pacific shore, and a lai*ge new 
undei ground animal house on the Insti- 
tute campus. ConstiTiction of a new $2 
million building, which will be used 
for the joint chemistry-biology program 
and will increase the research quarters 
of the two divisions by 75 per cent, may 
begin this year. 

E aie seeking to uncover the prin- 
ciples that govern fundamental 
processes of life,” explained Beadle. 'T£ 
we could do so, the solution of prac- 
tical problems in medicine would follow 
inevitably.” Therefore, the researchers 
are studying genes, antibodies, viruses, 
hormones, Hological pigments, and re- 
lated structures. How does each behave 
biologically, and how can this behavior 
be accounted for chemically? Chemical 
behavior is related directly to the mo- 
lecular sti*ucture of the reacting sub- 
stances: therefore one of the principal 


objectives of the program is chemical 
analysis. What are the building blocks 
that enter into the consti notion of genes 
and the other molecules? Plow aie these 
building blocks put together, in what 
oidei of arrangement, and what are the 
resulting size and shape of the stiucture? 

‘‘Science is still fai from completely 
analyzing these biological agents,” said 
Beadle, “but the investigations tend to 
show that the molecular foim known as 
piotein is the key stiucture Apparently 
most of tlie bodies that we are studying 
in our progi am are eithei simple proteins 
01 conjugated proteins.” 

Simple proteins aie simple only by 
contrast with the vaster arcliitectuie of 
the conjugated molecules. Actually, a 
“simple” protein consists of bun di eels, 
sometimes thousands, of atoms. When 
placed beside familiai moiganic mole- 
cules, such as those of water, sulfmic 
acid, ammonia, and table salt, even the 
smallest protein molecule is like a whale 
among minnows. But a protein is simple 
m this respect: when leactive agents are 
applied to bleak down its molecule, the 
molecule docs not sepaiate into its hun- 
dreds Ol thousands of individual atoms, 
but divides into chaiacteristic groups of 
atoms which the chemists know as amino 
acids. It IS as though when a house was 
demolished, it bioke up into basement, 
rooms and attic, lather than into indi- 
vidual bricks and boards. Twenty-tlii*ee 
different amino acids have been found 
m proteins, and the possible combina- 
tions that may be formed from these 23 
building blocks run into millions. It is 
no wonder that proteins occur in tlie 
wide variety which makes one man’s 
meat another man s poison. But a num- 
ber of the most famihar and wholesome 
substances of the body’s equipment are 
simple proteins, pepsin and many of the 
other digestive enzymes, insulin and 
many of the hormones, albumin, fibrino- 
gen, and many other components of the 
blood plasma. 

The conjugated proteins represent a 
further step in stiucture. After a simple 
protein molecule has been built by the 
joining together of molecules of different 
amino acids, it may hook on to a pig- 
ment and foim a conjugated protein such 
as the hemoglobin of the blood. Or, it 
may attach itself to a complicated chain 
of sugar molecules known as a poly- 
saccharide and form a conjugated pro- 
tein of another type, such as die mucin 
of saliva. Another possibility is the join- 
ing of a protein with a vitamin— the en- 
zyme carboxylase is of this type. Finally, 
proteins may be linked with nucleic 
acids to form nucleoproteins— and here 
we leach the ultimate of giantism among 
molecules. Foi if a simple protein is 
pictured as a whale among the minnows, 
a nucleoprotein may be likened to a levi- 
athan with form so tremendous that it 
might swallow the whale. Nucleic acid 
alone is a large structure— some of its 
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FORMATION OF CLUMPS may proceed on llic hash poslulatcd in the 
drawings on page 18 . Antigen and anti])ody molconlcs are joined togciher 
until tliey form a visible x)rccipilaLe. ‘Wbeii an antibody lacks this precipi- 
tating power, it is probal)ly nnal)lc to combine with more than one antigen. 



MTTE® ^GROUPS OF ATOMS are tKe basis for the &pecificity of antigen 
antibody^ Ik the center is p-azosuccinanilate ion group of a protein 
^^^^P^^^tary region of an antibody that spe- 
conib ines' With it. Antigen and antibody are one Angstrom apart 



molecules eoiitaiii I6(),()()() aloins— and 
w'lieii imiLs ol this size combjiie with 
units the sr/e o( pioloins, the combina- 
tion is iiulv enormous. Some ol the 
viiuscs which Wendell M. Stanley iso- 
lated m his studies at the bockelellcr 
[nstiLule weic identified as uueleopro- 
tcins and had a moleciilai weight up to 
eight million times that ol hydrogen. 
Such stiucluies comprise nearly a mil- 
lion atoms'. 

I T is believed that both vnuses and 
genes are nucleoproteins, while the 
antibodies aio thouglit to be simple pro- 
teins consisting of chains ot* ammo-acid 
residues loldcd Logethei m a ceitain way. 
These lolded chains of mtciiinked 
ammo-acid residues are called polypep- 
tides. Accoiding to Pauling's theory, 
countless numbeis of them are afloat m 
the bloodstream; and whenever they 
encounter certain bacteria, viiuses, or 
other foieign bodies m the blood, the 
mutual attractions between the two cause 
the chain to approach and attach itself to 
the invader. The action of the chemical 
bond thus causes the polypeptide chain 
to I old up and overlay a surface aiea 
ol the miciobe, foiming a shield or en- 
ciustation which blocks the lattei’s 
activity 

“The genes, wo believe, exercise an 
ovei ruling conti ol on all these activities,” 
said Beadle. “They do this, we think, 
by serving as the master patterns lor the 
many proteins which function in the 
processes ol lile. Thus, there is prob- 
ably a gene which scivcs as the template 
for the body's manufacture of insulin, 
another which provides the mold lor 
pepsin, and so for albumin, fibrinogen, 
the polypeptide chain that foims anti- 
bodies, and all the rest. 

“There aie several thousand genes 
distributed among the 48 chromosomes 
ol the human body cell, a number suf- 
ficient to provide templates tor the thou- 
sands ol big molecules rcquiied lor 
health. Diabetes, on this theory, is a 
consequence of a missing oi defective 
gene, leaving its victim unable to manii- 
lacture insulin. Similarly, the bleeders 
Ol hemophiliacs lack the normal gene 
for manufacturing a substance which is 
an essential component of the blood- 
clotting equipment. 

“Our experiments with the bread 
mold, Neurospora, have demonstrated 
this genic control of the biochemical 
processes in numerous instances. We 
found, for example, that after exposure 
to ultraviolet radiation, Neurospora lost 
its ability to make certain vitamins. The 
genes which controlled this manufacture 
had been desti'oyed, and thereafter 
Neurospora languished unless these vita- 
mins were supplied in its food. Similar- 
ly, Sterling Emerson of our laboratory 
found that a minute change m its genes 
caused the Neurospora to accept as food 
a compound that before the change had 


acted as a poison. Indeed, alter muta- 
tion, the Ncurospora would not grow 
unless led a suHonamide which pievious- 
ly had blocked giowth and caused 
death 

As a step toward undei standing the 
proteins, the chemists are working first 
on the amino acids, tiymg to map pie- 
cisely the stiuctuie of these piotem 
building blocks. Robert B. Coiey spent 
a year and a half analyzing the con- 
figuiation of glycine, the simplest of 
the ammo acids. He bombaided it with 
X-iays, andmeasmed the angles at which 
the rays bounded ofl the molecule. In 
this way he not only detei mined the po- 
sition ol each carbon atom, each oxygen 
and each hydiogen in the glycine, but 
actually measuied the distances between 
the atoms. Alter completing this job, 
Corey went on to alanine, which is larger 
and moie complicated The expeiience 
he had gained on glycine stood him in 
good stead, and he required only a ycai 
to work out the exact pattern of alanine. 
He has now taken up a still moie com- 
plicated ammo acid, threonine. Step by 
step the group plans to move horn the 
ammo acids to moie complicated stiuc- 
tiiies, with the hope that eventually they 
may be able to dissect some ol the pro- 
teins, perhaps even nueleopro terns, into 
their integral parts. 

The strongest impression that one 
biings back fiorn a visit to the Institute 
team is the magnitude of the task of 
analyzing these invisible molecules, 
liemy A. Rowland used to tell his stu- 
dents at Johns Hopkins University that 
the mercuiy atom must be at least as 
complicated as a grand piano. Following 
this analogy one might say that the bio- 
logical molecule, such as a unit of in- 
sulin, for example, is probably as com- 
plicated as a symphony oichcstia. The 
giand piano of mercuiy has now been 
completely mapped in terms of elections, 
protons and neutrons, and the physicists 
are even able by the bombardment 
technique to make mercuiy fiom othei 
elements. But the full symphony of in- 
sulin lemams a chemical enigma. No 
one yet has analyzed it, and of course 
no synthesis of insulin has been achieved. 

Foitunately medical men are able to 
use biologically-active molecules with- 
out knowing very much about them, but 
they crave the control of processes and 
lesults which fundamental knowledge 
would give. Along this road, the sci- 
entists believe, lies the unmasking of 
stubborn mysteries; the elucidation of 
cancer, of aging, of the divine spark 
itself. The search for fundamental 
knowledge thus becomes the most prac- 
tical of all biochemical quests. 



George W Gray is author REMARKABLE SPECIFICITY of antibodies was demonstrated by experi- 

of Cosmic Rays, which ment involving three very similar atomic structures- Maleanilate ion was 

appeared in the March found to inhildt antibody specific for p-azosuccinanilate ion group. Fumar- 

issue of this magazine. anilate ion did not inhibit antibody, presumably because it did not fit. 
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THE THEORY OF GAMES 


From it is being forged a new tool for the analysis of 
social and economic behavior. The new approach already 
has shown its superiority to classical economic theory 

by Oskar Morgenstern 


T he analogy between games of 
strategy and economic and social 
behavioi is so obvious that it finds 
wide expression in the thinking and even 
the language of business and politics. 
Phiases such as “a political deal” and 
“playing the stock market” are familiar 
reflections of tliis. The connection be- 
tween games and these other activities 
IS more than supeiflcial. When they are 
examined by the methods of modern 
mathematics, it becomes evident that 
many of the forms of economic and so- 
cial behavioi are strictly identical with— 
not meiely analogous to— games of strat- 
egy. Thus the mathematical study of 
games offers the possibility of new in- 
sights and piecision in the study of eco- 
nomics. 

The theoiy of probability aiose from 
a study of lowly games of chance and 
from the desiie of professional gamblers 
to find ways of taking advantage of the 
odds. Far more difficult problems are 
presented by games of strategy such as 
poker, bridge and chess. In these games, 
where the outcome no longer depends 
on chance alone but also on the acts of 
other players and on their expectations 
of one’s own present and future acts, a 
player must choose among relatively 
complex strategies. Mathematically, 
these problems lemained not only un- 
solved, but even untouched. 

Gottfried Wilhehn Leibnitz, the Ger- 
man philosopher and matliematician, 
seems to have recognized that a study of 
games of strategy would form the basis 
of a theory of society. On the other hand, 
many efforts along qmte different lines 
were made by philosophers and econo- 
mists to provide a theory for “rational 
behavior” for individuals, business cor- 
porations, or even for entire communi- 
ties. 

Such a theory must be quantitative, 
which means that it must ultimately as- 
sume a mathematical character. A theory 
of games fulfilling friese requirements 
womd take into account that participants 
in a game vary in information and intelli- 
gence, that they have various expecta- 
tions about the othar players’ behavior, 
and that different paths of reaching tiieir 
, goal may be open to them. The theory 


must also allow foi the fact that the posi- 
tion of a playei (or, equivalently, of an 
economic individual oi a film) is often 
adveisely affected if his opponent finds 
out his intentions. The player has to take 
steps to protect himsell against this con- 
tingency, and the theoiy must indicate 
how he should proceed most efficiently— 
and what his countermeasures would 
mean to the other players. 

Why should such a theory he of in- 
terest to the sociologist and, in particular, 
to the economisl? Does not the econom- 
ics of today have an adequate model 
ill mechanics, with its notions of forces, 
of equilibrium and stability''^ Physics is, 
indeed, at the bottom of current efforts 
to provide a statement ol rational eco- 
nomic behavior, whether it is mathe- 
matically formulated or not. But many 
important situations that arise at all 
levels in economics find no counterpart 
whatever in physics. 

A typical example is the fixing of wage 
rates between workers and employers 
when both groups have found it to their 
advantage to combine into unions and 
associations. Current economics cannot 
tell us, except in a general manner, un- 
der what circumstances such combina- 
tions will arise, who will* profit, and by 
how much. The two groups have oppos- 
ing interests, hut do not have separate 
means to pursue their contiary aims. 
They must finally come to some agree- 
ment, which may turn out to be moie 
advantageous to one side than to the 
other. In settling their differences they 
will feint, bluff, use persuasion, they 
will try to discover each other’s sti*ategies 
and prevent discovery of their owai. 
Under such circumstances a theory of 
rational behavior will have to tell a par- 
ticipant how much a given effort will be 
worth in view of the obstacles encoun- 
tered, the obstacles being the behavior 
of his opponents and the influence of the 
chance factor. 

Monopoly and monopolistic market 
forms— that is, trading among only a few 
individuals or firms on one side of the 
market at least— are characteristic of all 
social economies. They involve serious 
feuds and fights, a very different picture 
from the general, “free” competition 


with which classical economic theory 
usually deals. On the orthodox theory, 
the individual is supposed to face prices 
and other conditions that are fixed, and 
IS supposed to be in a position to control 
all the variables, so that his profit or 
utility depends only on his own actions 
Actually, howevei, when there are only 
a few individuals, or many individuals 
oigamzed into a few combinations, the 
outcome never depends on the actions oi 
the individual alone. No single peison 
has contiol of all Lhe variables, but only 
of a lew. 

The case of an individual acting in 
strict isolation can be described mathe- 
malically as a simple maximum problem 
—that is, finding the behavior formula 
that will yield the maximum value or 
icturn. The cases involving combinations 
are of an entirely diffeient mathematical 
and logical structure. Indeed, they pre- 
sent a peculiar mixtme of maximum 
problems, creating a profound mathe- 
matical question for which there is no 
parallel m physical science or even in 
classical mathematics. 

Yet this is the level at which the 
problem of economic behavior needs to 
be attacked. Clearly it is far more realis- 
tic to investigate from the outset the 
natme of the all-pervading stiuggles and 
fights 111 economic and social hie, lather 
than to deal with an essentially artificial, 
alomisLic, “free” competition where men 
are supposed to act like automatons con- 
fronted by rigidly given conditions. 

T he theory of games defines the solu- 
tion of each game of strategy as the 
distribution or distributions of payments 
to be made by eveiy player as a function 
of all other individuals’ behavior. The 
solution thus has to tell each player, 
striving for his maximum advantage, 
how to behave in all conceivable circum- 
stances, allowing for all and any be- 
havior of all the other players. Obviously 
this concept of a solution is very com- 
prehensive, and finding such a solution 
for each type of game, as well as com- 
puting it numerically for each particular 
instance, poses enormous mathematical 
difficulties. The theory makes important 
use of mathematical logic, as well as 



combinatorics (ihe study of possible 
ways of combining and oidciing ob- 
jects) and set theoiy (the techniques 
for dealing with any collection ol ob- 
jects which have oiu^ or more exactly 
specified pioperlies in common). This 
domain ol modem mathematics is one ol 
exceptional iigoi. But it is believed that 
gieat mathematical discoveries aie le- 
quired to make a break- tin ough into the 
field ol social phenomena. 

A single individual, playing alone, 
faces the simplest maximum pioblem; 
his best stiatcgy is the one that brings 
him the predctci mined maximum gam. 
Considei a two-peison game: Each play- 
ei wishes to wm a maximum, ])iit lie can 
do this only at the expense of the othei. 
This situation lesiilts m a zero-sum 
game, since the sum ol one playei s gams 
and the othci’s losses (a negative num- 
ber) IS zcio. One playei has to design a 
stiategy that will assuic him of the max- 
imum advantage. But the same is line 
of the other, who natuially wishes to 
minimize the fiist player's gain, theieby 
maximizing his own. This cleai-cut op- 
position of inteiest mtioduccs an entire- 
ly new concept, the so-called “minimax” 
pioblem 

S OME games have an optimal ‘pine” 
strategy. In other words, there is a 
se([uencc of moves sucli that the playei 
using it will have the salest strategy pos- 
sible, whatcvei his opponent does. His 
position will not dcteiiorate oven if his 
stiatcgy is found out. In such “strictly 
determined” games, eveiy move— and 
hence every position resulting from a 
senes of moves— is out in the open. Both 
playei s have complete infoimaiion. The 
mathematical expression of this condi- 
tion IS that the function describing the 
outcome of a game has a “saddle point.” 
This mathematical term is based on an 
analogy with the shape of a saddle, 
which can be regarded as the intersec- 
tion of two curves at a single point. One 
cuive 111 a saddle is the one in which the 
rider sits; the other is tlie one that fits 
over the horse's back and slopes down 
over its sides. The seat of the saddle 
lepresents the “maximum” curve, and its 
low point is the “maximin.” The curve 
that sh^addles the horse's back is the 
“minimum” curve, and its high point 
is the “minimax ” The point at which 
the two curves meet at the center of the 
saddle is the “saddle point.” In the the- 
ory of games, the somewhat more spe- 
cial saddle point is ihe intersection of 
two particular strategies. 

The mathematical values of the sti*ate- 
gies involved in a hypothetical game of 
this kind are represented in the diagram 
on this page. This shows a simple game 
between two players, A and B, each of 
whom has available three possible strate- 
gies. There are nine possible combina- 
tions of moves by A and B. The numbers 
in the boxes represent A's gains or losses 


lor all combined strategies and, since 
this IS a zeio-sum game, their negatives 
lepieseiit B's losses or gains. A's minimax 
stiategy is A-2, because il he follows that 
sequence of moves, he is sure to win at 
least two units no mattei what B does. 
Similarly, B's minimax stiategy is B-1, 
because then he cannot possibly lose 
more than two units whatevei A's plan 
of action. If a spy infoimed A that B was 
planning to use B-1, A could make no 
piofit horn that information. The point 
where the A-2 row intei sects the B-1 
column IS the saddle point for this game. 

It may seem that B has no business 
playing such a game, since he must lose 
two units even with his best stiategy, 
and any othei strategy exposes him to 
oven heavier loss. At best he can wm 
only a single unit, and then only if A 
makes a mistake. Yet all stiictly deter- 
mined games aie of this nature A simple 
example is Licktacktoe. In peifectly 
played ticktacktoe every game would re- 
sult m a tie. A more complex example is 
chess, which has a saddle point and a 
puie stiategy. Chess is exciting because 
the number of possible moves and posi- 



GAME OF STRATEGY between 
two players, each with three pos- 
sible strategics, has nine possible re- 
sults. Numbers in boxes represent 
A’s gains or losses for each com- 
bination of plays by both players. 

tions is so great that the finding of that 
strategy is beyond the powers of even 
the best calculating machines. 

Other Iwo-person, zeio-sum games, 
however, have no single best possible 
strategy. This group includes gamps 
ranging from matching pennies to bridge 
and poker— and most military situations. 
These games, in which it would be disas- 
trous if a player's strategy were discov- 
ered by his opponent, are not strictly “ 
determined. The player's principal con- 
cern is to protect his strategy from dis- 
covery. Do safe and good strategies exist 
for “not strictly determined” games, so 
that their choice would make the games 
again strictly determined? Can a player 
in such a game find strategies other 
than “pure” strategies which would 
make his behavior completely “rational”? 
Mathematically speaking, does a saddle 
point always exist^ 


It does, and the proof was originali} 
established in 1927 by the mathemati- 
cian John von Neumann, the originator 
of the theory of games, now at the In- 
stitute for Advanced Study m Piince- 
lon He used vaiious basic tools of mod- 
ern mathematics, including the so-called 
fixed-point theoiem of the Dutch mathe- 
matician L E. J. Brouwei, Von Neu- 
mann pioved, by a complex but rigoious 
application of this theoiem to the theory 
of games, that theie is a single “stable” 
or rational course of action that repre- 
sents the best stiategy oi saddle point 
even in not stiictly detei mined games. 

This principle can also be demon- 
stiated m piuctical teims. Observation 
shows that in games where the discovery 
of a playei 's plan of action would have 
dangcious consequences, he can protect 
himself by avoiding the consistent use of 
a pine strategy and choosing it with a 
ceitain probability only This substitu- 
tion ol a statistical strategy makes dis- 
coveiy by the opponent impossible. 
Since the player's chief aim must be to 
pi event any leakage ol mfoimation fiom 
himself to the other playei, the best way 
to accomplish this is not to have the in- 
formation oneself. Thus, instead of 
choosing a precise course of action, the 
various possible alternatives aie con- 
.sidered with difleient piobabilities. 

It is in the nature of probability that 
individual events cannot be predicted, 
so that the sti'alegy actually used will 
remain a secret up to the decisive mo- 
ment, even to the playei himself, and 
necessaiiiy to his opponent as well. This 
type of indecision is a well-known em- 
pirical fact. Wherever there is an advan- 
tage in not having one’s intentions found 
out— obviously a very common occur- 
rence-people will be evasive, tiy to 
create uncertainty in the minds of others, 
produce doubts, and at the same time 
try to pierce the veil of secrecy thrown 
over their opponents' operations. 

The example par excellence is poker. 
In a much simpler form, this type of be- 
havior is illustrated in the game of 
matching pennies Heie the best strategy 
IS to show heads or tails at random, tak- 
ing care only to play each half the time. 
Since the same strategy is available to 
the opponent, both players will break 
even if they play lon^ enough and both 
know tins principle. The calculation of 
the best strategy grows in difficulty as 
the number of possible moves inci eases: 
e.g., in the Italian game called monra, m 
which each player shows one, two or 
three fingers and simultaneously calls 
out his guess as to the sum of fingers 
shown by himself and his opponent, a 
player has nine possible strategies. His 
safest course is to guess a total of four 
fingers every time, and to vary his own 
moves so that out of every 12 games he 
shows one finger five times, two fingers 
four times and three fingers three times. 
If he plays according to this mixture of 
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stidtegies, he will at least bieak even, no 
niattci what his opponent docs 

I ET us apply these principles to a 
-^simple economic pioblem Suppose 
that two manulactiireis aie competing 
lor a given consumer maiket, and that 
each is considering tliiee difterent sales 
strategies. The matrix on this page speci- 
fies the possible values ot the lespective 
strategies to manulactuiei A This situa- 
tion does not have a single best stiategy 
It A chooses stiategy A-1, B can limit 
his profit to one unit by using stiategy 
B-2 01 B--3, it A chooses stiategy A-2 or 
A-3, B can deprive him ot any piofit by 
choosing stiategy B-i Thus each nianu- 
factuiei stands to lose if he concentiutes 
on a single sales technicpie and his rival 
discovers his plan. Analysis shows that 
A will lose unless he uses a combination 
ol A-1, A-2 and A-3, each a thiid ot the 
time. On the othei hand, it manufacturer 
B tails to employ his best mixed stiat- 
egy— B-1 a ninth of the time, B-2 two 
ninths of the time, and B-3 two thiids of 
the time— his competitor will gain. These 
mixed strategies are the safest strategics. 
They should be used whenevei each 
manuhictuiei docs not know what the 
other will do. 

An example which illustrates in statis- 
tical teirns many of llic conllicls of 
choices involved in everyday lilo is the 
tamous stoiy ol Shcilock Holmes' pursuit 
by his archenemy, Prot’essoi Monaity, in 
Conan Doyle’s stoiy, “The Final Piob- 
1cm ” ITolmes has planned to take a tram 
fiom London to Dover and thence make 
his escape to the Continent. Just as the 
Dovei tiain is pulling out ol Victoria 
Station, Monaity rushes on the platform 
and the two men see each other. Monar- 
ty IS left at the station. lie charters a 
special tiarin to continue the chase. The 
detective is faced with the problem of 
outguessing bis pursuer Should he get 
off at Canterbury— the only intermeebate 
stop— or go all the way to Dover‘S And 
what should Moiiarty do? In effect, this 
situation can he ti*eated as a ratliei unu- 
sual veision of matching pennies— a 
“match” occurring if the two men decide 
to go to the same place and meet there. 
It IS assumed that such a meeting would 
mean the death ot Sherlock Holmes, 
therefore it has an aibitrarily assigned 
value of 100 to Moriarty If Holmes goes 
to Dover and makes his way to the Con- 
tinent, it is obviously a defeat for the 
professor, but— also obviously— not as 
great a defeat as death would be for the 
detective. Hence, a value of minus 50 to 
Moriarty is given to this eventuality. Fi- 
nally, if Holmes leaves the ti'ain at Can- 
terbury and Moriaity goes on to Dover, 
the chase is not over and the temporary 
outcome can be considered a draw. Ac- 
cording to the theory of games, the odds 
are 60 to 40 in favor of the professor. 

In the stoiy, of course, this game is 
played only once,; Sherlock Holmes, de- 


ducing that Kloiiaily will go to Dovei, 
gets (iff at Canteilniiy and walehes lii- 
umphantlv as (.lie pioiessor’s pin suing 
Liain speeds past the iutei mediate sta- 
tion. 11 the game were continued, liow- 
ever, Holmes’ look ol tiiuinph would 
liardly be justified. On die assumption 
that Moiiaity peisisted in the chase, cal- 
culations indicate that die gieat detec- 
tive was actually as good as 40 pei cent 
dead when his tram lelt Vietoua Stationl 
The theoiy ol games has alicady been 
applied to a mimbci ol piactical prob- 
lems Situations similai to that ol Holmes 
aie lieing analyzed in that lirancb ot 
opeuitional reseuich winch deals with 
militaiy tactics, the possible couises ol 
action being various dispositions ol 
tioops or combinations ol mcasiiics and 
coimteimeasmcs The handling ol the 
more complex situations that exist in eco- 
nomics is expected to requiie the aid ol 
calculating machines. For example, two 
competing automobile manulactuiei s 
may each have a large numbei ol strate- 
gies involving the choice ot vauous bodv 
designs, the addition of new accessories, 
the best times to announce now models 
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BUSINESS RIVALRY liotwccn two 
firms with three strategies each 
again diagrams A's possible gains. 
No single strategy is best \i the o])- 
ponenL discovers il ; lienee tlie rivals 
must use a mixture of all lliiee. 

and puce changes, and so on. Il has been 
estimated that the calculations for a 
game in which one manufacturer bad 
100 possible strategies and liis competi- 
tor had 200 ( a not uncommon situation) 
would take about a year on an electronic 
compiitei . 

If we now make the transition to 
games involving tbiee or more persons, 
a fundamentally new phenomenon emer- 
ges— namely, the tendency among some 
players to combine against othei s, or 
equivalently in markets to form trade 
unions, cartels and trusts Such coalitions 
will be successful only if they offer the 
individual members more than they 
could get acting separately. Games 
where that is the case are called essen- 
tial. Coalitions will then oppose each 
other in tlie manner of individual players 
in a two-person game. A coalifion will 
haVe a vajue for the players who form it, 


and they may ihcicloic ictpiire l>ay- 
ments Ol "‘compensations” Irom new- 
comcis wIh) want U) ciiLci the coalition 
and sliaie m its piocecds As a lule a 
gicat deal ol bai gaming will picccde 
the dclcimuiatiou ol the system ol dis- 
lubulion ol gams or piofils among the 
mcmbeis of the coaliLioii. 

Basically, tlic loimation ol a coali- 
tion cxpi esses the limdainenial tendency 
tow aid monopoly, which is thus lound 
to ])c deeply chauictenstic of social and 
economic lilc. Indeed, Adam Smith al- 
icady liad noted the iendenev of busi- 
nessmen to “conspnc” against the com- 
mon welfare, as he stated it, by gcLlmg 
togcthei into gioiips foi better exploita- 
tion. Impoilant chapleis of American 
economic Instoiy deal with the efforts of 
government to break conspiiaeies ot vari- 
ous kinds in ordei to limit the power of 
trusts and other amalgamations. When 
tliese arc bioken— if at all— they lend to 
arise again, so a continuous watchfulness 
IS necessary. 

The powerful forces working toward 
monopoly ought theicfoio to he at tlie 
veiv centei of economic sluchcs. They 
should replace the pieoccupalion ivilh a 
nonexistent puie oi fice competition 
wlicre nobody has any perceptilile influ- 
ence' on anylliing, and where all data 
arc assumed to lie immulalily given. 
Smee this is llic imaginaiy setup Irom 
whieli enrn'nl economic llieoiy .starts, 
it eneoiinters insupeiable difficulties 
whc'ii it eutois the icalm of monopolistic 
eompeiilion. It is not .surprising, iheie- 
lorc, that classical economics lias failed 
to yield a gcncial theory that embraces 
all economic situations. 

T he approach to the coalition piob- 
lem in the theoiy of games can be 
shown by a thiee-peison situation in 
which it IS assumed that a player can 
achieve a gain in any given play only if 
he joins with one othci player. The gains 
and losses that would result for tlio in- 
dividual playcis in the case ol each pos- 
sible coalition aic shown in the diagram 
on page 25 Thus il A and B loim a 
coalition, each gains a hall unit and C 
loses one unit. What keeps the players 
m the game is that they all stand a 
chance of profit, each player s pioblem 
is to succeed in foiming a coalition with 
one of tlie otbei two on any given deal. 
This simplified situation illustrates in es- 
sence much of the conflict that occurs in 
modern economic life. 

Now the important characteristic of 
this type of game is that there is no 
single “liest” solution for any individual 
player. A, foi example, can gain as much 
by forming a coalition with G as with B. 
Therefore all three of the possible distri- 
butions of payments, taken together, 
must be viewed as the solution of this 
three-person game. 

There are, of couise, many other dis- 
tribution schemes that might be con- 



sicleied by the playeis Foi example, 
one of the paitneis in a coalition could 
make a deal with the thiid playei wheie- 
by both impioved then positions (the 
third player i educing his losses) at the 
expense of the other partner What is to 
prevent the participants in the game 
from considering all these othei pos- 
sibilities? 

The question can be answered by in- 
troducing the concept of ‘‘domination.” 
In mathematical teiminology the various 
possible schemes foi distribution of pay- 
ments aie called “imputations.” One 
imputation is said to dominate another 
if it is cleaily more advantageous to 
all the players m a given coalition. It is 
found, as shown in the three-person 
game described above, that the impula- 
tions lielonging to a solution do not 
dominate each other, m this case all 
thiee imputations have an equal chance 
of being chosen, none is most advan- 
tageous to the players in each coalition. 
While it IS extremely difficult to prove 
mathematically that such a solution 
would exist foi eveiy game with arbi- 
tiarily many players, the principle can 
be expected to hold true. 

Now it IS also found that while the 
imputations belonging to the solution do 
not dominate each other, individually 
they arc not free from domination by 
imputations outside the solution. In 
other wouls, there are always outside 
schemes fiom which some of the players 
could profit. But any and evciy imputa- 
tion outside the solution is dominated by 
one belonging to the solution, so that 
it will be rejected as too risky. It 
will be considcied unsafe not to conform 
to the accepted standard of behavior, 
and only one of the imputations which 
are pait of the solution will materialize. 

These examples give an idea of the 
gieat complexity of social and economic 
organization. In this realm “stability” is 
far moie involved than it is in the physi- 
cal sciences, where a solution is usually 
given by a number or a set of numbers. 
In essential games, in economics and m 
warfare, there is instead a set of alterna- 
tives, none of which is clearly bettei than 
another or all others. One imputation in 
a set IS not more stable than any other, 
because every one may be threatened by 
one outside the solution. But each has a 
certain stability because it is protected 
by other potential imputations in the 
solution against upsets from outside. 
Collectively they eliminate the danger of 
revolutions. The balance is most deli- 
cate, however, and it becomes more 
sensitive as the number of players in- 
creases. These higher-order games may 
have many solutions instead of a single 
one, and while there is no conflict within 
an individual solution, the various solu- 
tions or standards of behavior may well 
conflict with one another. 

This multiplicity of solutions may be 
interpreted as a mathematical formula- 


tion of the undisputed fact that on the 
same physical background of economic 
and social cultuie utterly different types 
of society can be established. Within 
each society, m turn, there is possible 
consideiable variation in the distribu- 
tion of income, privileges and other 
advantages— which corresponds to the 
multiplicity of imputations or distribu- 
tion schemes in a single solution in a 
game. 

The theoiy also yields insight into 
even more delicate social phenomena. 
Although it assumes that every player 
has full mfoimation, discrimination may 
exist: two players may make a third 
player “tabu,” assigning him a fixed pay- 
ment and excluding him from all negoti- 
ations and coalitions. Yet this aiiange- 
ment need not lead to complete exploita- 
tion of the thiid playei. In piactical 
economic life, foi example, cartels do 
not annihilate all outside fiims, although 
it would not bo a technically difficult op- 
eration. Rather, m deference to socially 
accepted standards of behavior they 
allow certain outsiders a share in the 
industry, so as not to attiact undue at- 



COALITION GAME with three 
players produces still another ma- 
trix. Here gains or losses to players 
resulting from various possible coali- 
tions arc shown in vertical columns. 
Player must form partnership to win. 

tention— and to be able to point out to 
the government and the public that 
“competition” exists in the particular 
industry. 

It is suiprising and extremely sigmfi- 
cant that, although the theory of games 
was developed without any specific con- 
sideration of such situations, the fact 
that they exist was derived from general 
theorems by purely mathematical meth- 
ods. Furthermore, the theory shows— 
again purely mathematically— that cer- 
tain privileges, even if anchored in the 
rules of a game (or of a society) , cannot 
always be maintained by the privileged 
if they come into conflict with the ac- 
cepted standard of behavior, A privi- 
leged person or group may have to give 
up his entire “bonus” m order to survive 
economically. 

These and many other implications 
can be derived from the study of simple 


three-peison games. Games of more 
than thiee playeis provide fmther inter- 
esting insights— but at the price of great 
and, m many cases, still insuperable 
mathematical difficulties. The almost 
unimaginable complexity involved may 
be illustiated by poker, the game which, 
above all others, furnishes a model for 
economic and social situations. The 
subtleties of poker and the countless 
number of available strategies— ^.g., the 
technique of purposely being caught 
bluffing now and then so that futuie 
bluffs may be successful— prevent the 
thorough analysis that would be neces- 
sary to throw light on corresponding 
pioblems in practical everyday affaii*s. 
The matrix of possible strategies for 
poker is so large that it has not even been 
calculated, much less drawn. Consider 
a radically simplified version of the game 
which assumes a deck of only thi*ee 
cards, a one-card, no-draw hand, only 
two players, three bids between them 
(the first playei gets two, the second 
one), and no oveibetUng. Even this 
watered-down version of poker involves 
a matrix of 1,728 boxes, and computing a 
single best possible strategy for each 
player to an accuracy of about 10 per 
cent might require almost two billion 
multiplications and additions. 

B ut even with its present limitations 
the tlieoiy of games has made it 
possible to analyze problems beyond the 
scope of previous economic theory. Be- 
sides those alieady indicated, the prob- 
lems now being explored include the 
application of the mathematics for a 
game involving seven persons to the best 
location of plants in a particular indus- 
try, the relation between labor unions 
and management, the nature of monop- 
oly. 

The initial problem in the theoiy of 
games was to give precision to the no- 
tion of “rational behavior.” Qualitative 
or philosophical arguments have led no- 
where, the new quantitative approach 
may point in the right direction. Appli- 
cations are still limited, but the approach 
is in the scientific tradition of proceeding 
step by step, instead of attempting to 
include all phenomena in a great general 
solution. We all hope eventually to dis- 
cover truly scientific theories that will 
tell us exactly how to stabilize employ- 
rnent, increase national income and dis- 
ti'ibute it adequately. But we must first 
obtain precision and mastery in a hmited 
field, and then proceed to increasingly 
greater problems. There are no short 
cuts in economics. 


Oslzar Morgenstern is profes- 
sor of economics at Frince- 
ton University and coauthor 
toith John von Neumann 
of Theory of Games and 
Economic Behavior^ 
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Atomic Energy 

T he Atomic Energy Commission is 
building a 4(}0,0()0-acie field station 
to study the “breeding” of nuclear fuels 
and the design of nuclear piles foi ship 
propulsion and the geneiation of elec- 
tricity. Located in the spaisely settled 
Snake River plains region of southern 
Idaho, the station will cover an area 
nearly as large as the AEC’s plutonium 
production center in Hanford, Wash. 
Most of the site, which includes the idle 
Arco Naval Pioving Ground, is alieady 
owned by the Federal Government. 

Magnetic Moment 

A new, highly precise value lor one 
of ihe fundamental constants of 
nuclear physics— the magnetic moment 
of the proton—has been determined by 
H. A. Thomas, R. L. Driscoll and J. A. 
Hippie of the National Bureau of Stand- 
ards. Protons behave like tiny magnets, 
interacting with magnetic fields, and the 
magnetic moment is a measure of this 
interaction. The Bureau has been able 
to calculate the absolute value of the 
moment directly for the first time. It is 
1.41 X ergs per gauss. 

The determination will aid in calcu- 
lating other nuclear constants, in design- 
ing research equipment and in measur- 
ing magnetic fields. In fact, the new 
value has already been used to compute 
the most precise figuie yet attained for 
another important constant, the ratio of 
the electrons charge to its mass, e/m. 
The new ratio is 1.T588 X 10'^ electro- 
motive units per gram. 

Stalin Prizes 

F urther evidence has come from 
the Soviet Union that T. D. Lysenko, 
proponent of the much-publicized and 
controversial anti-Mendelian theory of 
genetics, is a scientist not without honor 
iii his own country. The Russian agrono- 
mist has just received the top Stalin 
Prize in biology, amounting to 200,000 
rubles (about $40,000) . This honor is 
the XJ.S.S.R.’s equivalent of the Nobel 
prize, and is one of a serfes of Awards 
given annually for Oiistoiding work in 


SOIPCE Ain THI 


Fcdcial lesoaich aic urged in ibo latest 


the ails and sciences. Although more 
than one first prize may be given lu any 
blanch of science, only Lysenko ic- 
ceived the highest honor m his field, 

A laigc proportion of tlic other Stalin 
awaids went to atomic scientists. Physi- 
cists won tin CO ol the 13 fiist jinzcs and 
ihieo oi the lOO.OOO-iublc .second prizes, 
Most ol them were cited (oi achieve- 
ments m nuclear research. The three 
first-prize winneis in physics weic 
Seigoi Veiuov, chiol of ihe Physical In- 
stitute ol the Academy of Sciences (up- 
per-atmosphcTC and cosmic-i ay studies) ; 
Giorgi Lalisliov, head of the Leningrad 
Physical Technical InsLiiulc (experi- 
mental icseaich in the physics ol the 
atomic nucleus); Mikhail Lavrentiev 
(research in hydrodynamics) . 

Several prizes wcic also awarded in 
medicine, engineering and agriculture. 
These included the only woman among 
the first-prize winners, Senia Bakhtadze, 
wlio was cited for developing two new 
types of tea. 

Degrees C. 

CIENTISTS repiesentmg 28 nations 
have voted to discard the traditional 
designation “degrees Centigrade” foi 
metric tcmpeiature leadings and to use 
“degrees Celsius” instead. The recom- 
mendation was made at the Inlcriiational 
Conference on Weights and Mcasuics, 
holding its first meeting since 1933 in 
Paris. The renaming is in honor of the 
18th-century Swedish astionomer, An- 
ders Celsius. It was suggested to end 
confusion arising from the French prac- 
tice of using the term “Centesimal” as 
well as “Centigrade.” Although the de- 
cision was unanimous, few of the dele- 
gates expect a rapid change-over from 
the old to the new name. 

The Conlerence also voted to revise 
one of the six fundamental points used 
to fix the International Temperature 
Scale. This is the melting point of silver, 
changed from 960,5 to 960.8 degrees 
Celsius. The other fundamental points 
are; boiling point of oxygen, —182.97 
degrees C.; freezing point of water, 0 
degrees; boiling point of water, 100 
degrees, boiling point of sulfur, 444.60 
degrees; and melting point of gold, 
1,063 degrees. The new silver point, as 
well as several revisions m the pro- 
cedures for determining intermediate 
temperatures, vzill become standard 
throughout the scientific world. 

Hoover Commission 

C REATION of a National Science 
Foundation and a strong inter- 
departmental committee to coordmate 


icport ol Ihc Hoover (kunmissioii. The 
C'ommissioii docs not mention any spe- 
cific sciciicc-foiuidalioii liill, several be- 
ing euivcnlly liclorc Congress. One, 
sponsored jointly by tlirce Democratic 
and L])ree Republican Seiialor.s, is ex- 
pected to pass during the present session. 
The Hoover Comnussion did not assign 
a S])ccuil “task I’oicc” to uivcsligale Fcd- 
eial scieueo activities; instead, it en- 
dorsed most ol the conclusions in the 
leceiil repoil of the Prosiclcnrs ScionLific 
Re seal eh Board. 

The Hoovei leport dcdaies that the 
Intel dcpai tmental ComnnUee on Scien- 
tific Research and Development (set up 
by Presidential order inoie Ihuii a year 
ago to cooidiiuitc Fcdcial leseaieh ac- 
tivities) has not lunctioued cflcctively 
because it lacks a full-time staff. The 
Hoover Commission recommends that 
the CoiumiUec be given sufficient per- 
sonnel and gieuLor authority. It also 
urges the establishment ol gcncial-rc- 
scarch policy staff's in all Federal agen- 
cies with extensive re.scarch programs. 
31 10 Dcpartmeiil of AgricnlUirc, the 
U. S. Public Heallli Service and the 
armed forces alixMcly liavc .such units. 

Robot Reader 

M any scientific discoveries— the most 
notable being Gregor MendeFs 
revolutionary contribution to geiictics— 
have remained unknown for decades be- 
cause they were buried in obseuie tech- 
nical journals and madecpiatcly indexed, 
The problem, which often results in 
wasteful duplication of research, is be- 
coming increasingly serious with the rap- 
idly growing accumulation of scientific 
literature. Today the tu.sk of searching 
for references to a particular problem 
may involve hundreds of books and peri- 
odicals, under scores of subject headings. 

An “electronic selector” which may 
help break this bottleneck in science and 
reduce the searching process from weeks 
to minutes is to be placed in service this 
month in the Department of Agricultuie 
library. The machine scans 75,000 
microfilmed documents a minute, sorts 
out those dealing with the desired sub- 
ject and reproduces them either on 35- 
millimeter film or on V-mail piipcr for 
delivery to the reader. 

The selector is an offspring of 
“memex,” a device proposed three years 
ago by Vannevar Bush, Memex was to 
put printed matter on microfilm with 
coded index dots at the edge of each 
frame of film. The dots would be read 
at very high speeds by a battery of 
photoelectric cells, which would select 
what was wanted. Bush's machine 




seemed impractical. It requiied a sepa- 
late photoelectric cell loi each ol: the 
270 positions where a code dot could 
be placed— a prohibitively expensive ar- 
langement. But Ralph Shaw, Depart- 
ment ot Agiiculture libraiian, devised a 
method tor reducing the cells to six. 

Eventual commeicial versions of the 
Shaw machine will cost loughly $15,000 
each. They will scan 120, ()00 oi more 
documents a minute lor several subjects 
at once Seaiches thiough collections as 
voluminous as the Patent Office file will 
take houis instead of weeks. 

Corn Ancestor 

T WO young liaivard graduate stu- 
dents have lound an important clue 
to the oiigin of corn, for lour centuries a 
leading botanical puzzle. While search- 
ing for remains ol eaily Ameiican man 
in a cave in the upper Gila River area 
of New Mexico, Ploibeit Dick and C. 
Earle Smith uncovered a stoie of pre- 
histoiic coin. Thcii find includes 766 
cobs and fragments fiom hundicds of 
othei eais. These weie located in six 
under giound layers, the oldest dating 
back at least 4,000 years, The dry New 
Mexico climate has preseived hundreds 
of cobs well enough to permit detailed 
botanical study. 

The corn had been cultivated but, un- 
like modern corn, could have grown 
wild The cobs were two inches long 
and about as thick as a wax crayon. In- 
stead of a husk encasing the entne ear, 
each kernel had a covering of chaff. The 
kernels were a third the size of those 
of ordinary sweet corn, and were as hard 
as popcorn. The most important con- 
clusion fiom the find is that corn did not 
evolve from tlie related Ccntial and 
South American grass known as tcosmte, 
as previously believed. It must have 
come from another species. 

Rejuvenating Light 

A ll studies of the lethal effect of ultra- 
- violet light on bacteria and other 
simple forms of life, as well as genetic 
reseaich on ultraviolet-induced muta- 
tions, may have to be re-examined to 
take account of a widely ignored effect 
which may modify or invalidate many 
findings. According to Albert Kelner of 
the Cold Spring liarbor Biological Labo- 
ratory, visible light induces the recovery 
of microorganisms that have apparently 
been killed by ultraviolet rays. 

Kelner was studying the effect of cold 
on the recovery of a particular strain of 
irradiated Streptomyces griseus, a strain 
which is closely related to the molds 
from which streptomycin is obtained. A 
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Three Perkin-Elmer Infrared Spectrometers installed in the lab- 
oratories of the Humble Oil & Refining Company in Baytown, 
Texas, Here they are used extensively for product quality control 
and raw material analysis, 

CRUDE OILS RAPIDLY CLASSIFIED 

RY THE INFRARED SPECTROMETER 

1 IKE any othei laige refinery, the Baytown, Texas Re- 
j finery of the Humble Oil & Refining Company obtains 
its crude oils from widely scattered oil fields. Feed stocks 
deiived fiom these various crudes differ considerably in 
their composition. It is important to Humble to learn as 
much as possible about the compositions of the various 
slocks so that they may he utilized efficiently. 

Several Perkin-Elmer Infrared Spectrometeis are em- 
ployed at the Baytown Refinery to obtain qualitative and 
quantitative information about the different crudes. In addi- 
tion, the products from certain units associated with the 
refining piocesses are analyzed in the spectrometer to serve 
as a product quality control or to aid in determining moie 
accurate material balances around the units. 

In many other manufacturing piocesses, infrared methods 
of analysis, because of their simplicity and speed, are aid- 
ing materially in improving operating efficiency and cutting 
manufacturing costs. 

Perkin-Elmer engineers will he glad to discuss the appli- 
cation of infrared methods to your problem. Sample spectra 
may he made to demonstrate the method. Submit your prob- 
lem to the Perkin-Elmer Corporation, Dept. 74, Glenhrook, 
Connecticut, 
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factor other than tcmperaluro was in- 
volved, however, since some mold enl- 
Uiies showed excellent recovery at 35 
degrees C. while others showed none at 
all. Then Kelnei found that some ol the 
recupeiating cultures happened to have 
been placed ncai a window, and sus- 
pected the influence of sunliglit This 
possibility was confirmed m controlled 
experiments which showed that radia- 
tion at the wavelengths of visible light 
could produce a 40(),00()-lold incicase 
in the numbei of molds surviving sup- 
jDosedly lethal ultraviolet exposuies. 

The findings may have an nnpoitant 
bearing on virns studies such as those 
conducted at Indiana Univeisity, Wash- 
ington University and other institutions. 
In this work two strains of the bactena- 
infecting vii uses known as bacteiiopliage 
were “killed” with nltiaviolet rays, and 
then placed m a solution containing theii 
bacterial prey. When the viruses multi- 
plied and successfully destroyed the bac- 
teria, it was believed tliat the two strains 
had combined their undamaged parts to 
form a new stiaiii. The visible-light ef- 
fect, howevei, might have produced 
similai lesults. 


Radiation and Genes 

A ccording to Roblcy D. Evans of 
- the hlassachnsctls Institute of 
Technology, there is little danger of 
genetic mutations from exposuie to mod- 
erate doses of X-rays or atomic radia- 
tions. Moi cover, xiatxnal radiation from 
cosmic rays and radioactive minerals is 
insufficient to account for the mutations 
observed in natuie. 

Standard U. S. practice is to limit 
radiation woi'kers to a maximum expo- 
sure of .1 roentgen a day. This amounts 
to about 25 roentgens foi a year of flve- 
day weeks, or 250 roentgens m a decade, 
and Evans estimates that the latter dose 
would increase the number of spontane- 
ous mutations by only 1.5 per cent. 
Workers at Hanford, Oak Ridge and oth- 
er atomic-energy plants would have to 
.stay on the job continuously for at least 
125 years to accmmilate a radiation dose 
of that size, for the average exposure in 
such plants is 005 loentgen a day, less 
than two loentgens a year. 

Actually, two loentgens a year may 
not produce any genetic changes. In re- 
cent experiments at M.I.T., Evans re- 
ports, doses of 2.5 roentgens a day failed 
to increase the mutation rate of fruit flies, 
which are probably more susceptible to 
ixdiatjon-induced mutations than man. 

Evans has found no evidence to sup- 
port the idea that cosmic rays and other 
natural radiations are the chief factors 
responsible for the spontaneous muta- 
tions underlying evolutionary change. 
Exposure to natural radioactivity 
amount to oxdy .003 roentgen a day, a 
feeble dosage that could account for only 
, one per c^nt of the number of mutations 
that is farown to occur spontaneously 


per genciation in man and oilier oigaii- 
isms. 

Mouse Cancer Virus 

1 "^UE niilk-iaclor vims ot mouse breast 
- cancel had lieeii isolated by a team 
oi reseaiehcis al Columbia University s 
newly established InstiUile ol Gaiicoi 
Roscaich The virus has been the object 
of an intensive search since 1936, when 
[. |. Bitlnei sliowed that it is respoii.siblc 
tor the tact that mouse maiumary can- 
cer is IransmiLled to oflspring tlnough 
the motheds milk. The isolation was 
accomplished by Samuel GialL, biocliein- 
isl, Dan H. Moore, biophysicist; Henry 
T, Randall and Ciishnuiii D. Iluagenseu, 
surgeons; and Wendell M, Stanley, 
formcily ol the Rockelellci Institute. 

The viius, which may he a nnclco- 
protcin, was obtained fiom the milk ot 
mice with a higli inbied incidence ol 
cancel, as well as liom low-eauccr ani- 
mals foster-nursed by high-cancer moth- 
cis. As little as .008 gamma— less than a 
himdred millionth ol a giam— cau.scs 
mammary cancer. The disease may be 
induced by cither mouth teeding oi in- 
jection of the virus, in cither males or 
females. Ilowcvei, the incidence of can- 
cer LS iniieli Ic.ss il the mouse is more than 
two weeks old at the time ol inoculaliou. 

Child Care 

A COMPREHENSIVE siuvcy by the 
American Academy of Pcdiatiie.s 
reveals that there aie not enough doctors 
m the U. S, to provide adequate medical 
care for the natioiTs 36 million duldreii. 
The survey took three years to complete 
and cost $1 million. Iniormation was ob- 
tained from doctors, dentists and other 
health personnel m practically all of the 
nations 3,07l counties. The .silualion is 
particularly bad among the 13 million 
children who live in rural aieas. 

The Academy found pediatricians 
ovciwhelmingly couecutraled in lulian 
aicas, three quarters of them practicing 
m cities of 5(),()()() or more peisons. The 
wide geographical variation in facilities 
for child care is illustrated by an urban- 
ized state like Massachusetts, which has 
one pechatiician for every 3,000 chil- 
dren, while Mississippi has but one for 
every 35,000. Most children, especially 
m lural areas, receive care horn general 
practitioners only. Half of the latter have 
had vutually no pediatiic training and 
must send children to hosi>itals, a third 
of which are inadequately equipped. 

The distribution of pediatricians is 
reflected in infant mortality rates. Coun- 
ties with inadequate hospital and medi- 
cal facilities have infant death rates five 
times as high as the best-equipped 
counties. In one state, the child death 
rate is higher than the national average 
a generation ago. Although the over-all 
chfid death rate last year was the 
lowest in^ American history, three babies 


die annually loi c\'cmv Iwo Anicucan 
solda'is killed in ticlion during each 
^’eal of llie wai . 

Hetrazan 

H ETRAZAN dicLliylc‘arl)ama/,ine, a 
drug developed by I lie Amenean 
Cyyaiuimid Gomjiany, may become the 
most eflcctive means yet lound ioi eon- 
Uolliug filauasis, the luoscputo-borne 
li epical diseas(; which givcj.s rise to elc- 
phautiasis. In thiee years ol lests in the 
West Indie.s, Caaitral Ameiica, India, 
Africa and the South Pacific, hclrazan 
has shown its ability to kill not only 
microfilaiiac, the (‘lubryo paiasites, but 
also tlic adult w'onn. 

In one iccc*ntly lepoitcd study, 13 of 
23 Pncilo Rican patients who had re- 
ceived doses of die new drug were still 
(lee of parasites a yean and a cpiaitci 
alter the lieatincnt had been completed. 
The other 10 were [xrohably given too 
small do.ses. Even when hctiazan docs 
not cure, U may halt the spread ot the 
parasite, among tlic 10 patients not 
cured, ibc number of miciofilariao in 
the blood was rcdiu'cd to a point below 
the level neee.s.sary lo iidccl mostpiitocs 
and thus spiead the diseas(v 

Hclrazan is closely leluUxl to c'crtaiu 
nK'luheonliiining organic drugs which 
luivt' hiHui used foi yi'ars in treating lil- 
anasis. (Jli(‘inisls suc‘e(‘CHlcd in eliminat- 
ing the nu’tallic ingredients, Ihereliy le- 
diicing the drugs’ high toxicity. 

/lleoholisni Druj^ 

^pWO Danish physicians have made 
J- prelim inaiy lests with a chug culled 
anlabus that may ])C helpful in combat- 
ting alcohohsin. Antubus (teti'aethyl- 
thiiuam disulfide) is already being used 
in Scandinavia, and clinteal Inals aie 
also imclor way m the U. S. 

When a drinker patient who has pi'C- 
vi oil sly been given a dose ol an tabus 
chinks moio than a ceitain small amount 
fwhieli varies with the patient’s tolci- 
anee), lie inunediutedy oxperieuces a 
seiics of execcclingly unpleasant leac- 
tious. His face and neck become puiple- 
icd and hot from clilatiou of the blood 
vessels in the skin. He is intensely nau- 
seated, and develops a severe headache 
and choking sensation. This is followed 
by a prcinatiue hang-over which, accord- 
ing to the pliysicians responsible for 
the treatment, is “difficult to describe . . . 
but highly disagreeable.” He recovers 
alter a few hours of sleep, with consider- 
ably subdued desire to drink. 

The drug acts by interfering, in an 
as yet unexplained manner, with the 
normal mechanism for oxidation of alco- 
hol. The alcohol is oxidized to acetalde- 
hyde, a compound which is usually 
found in freshly distilled spirits and js 
responsible for many of the unpleasant 
effects of “green” whiskeys. The dis- 
couraging reactions produced by anta- 



BUSINESS IN MOTION 








2 ^ 


c^c^CdL>d . 


l)us lesult iiom acetdldehycle inLoxica- 
ticjn 

Antabus is not m itsell a cuic for 
alcoholism. It has to be taken daily 
as long as thcie is any danger of a 
1 elapse, and it must be combined With 
intensive psychiatric tieatment But the 
doctors who develo^^ed it, Enk Jacobsen 
and O. Maitensen-Larsen, claim excel- 
lent results when patients can be per- 
suaded to take the diug legulaily. 

Report from Los Aknnos 

R esearch looking toward release 
of atoniic enei gy by reactions among 
light elements is under way at the Los 
Alamos laboiatoiy. This is disclosed m 
the fiist systematic published account of 
the bomli laboiatoiy and its activities, 
appealing in the Bulletin of the Atomic 
Scientists and piepaicd by J H Manley, 
technical associate diiectoi of the laboia- 
tory. 

Nucleai eneigy is released by either 
of two pi o cesses, only one of which has 
been achieved in the laboratory— the 
famihai fission of heavy elements like 
uranium 235 oi plutonium. Tlie olhei is 
the fusion of light elements, an example, 
althougli probably not one ol the reac- 
tions actually being studied, is the 
transfoimation of foui hydrogen nuclei 
into a helium nucleus. The small amount 
of mass destroyed in the latter piocess 
luimshes the energy of tlic sun. Fusion 
takes place only at stellai temperatures, 
but IS potentially a much larger source 
of energy tlian fission. 

Di. Manley gave no details of the 
Los Alamos studies of tlie fusion re- 
action. But he pointed out that hght- 
elemeni leactions are of mteiest not 
only because nuclear eneigy is leleased. 
Detailed knowledge of these reactions 
may contribute fundamentally to the 
development of nucleai physics. 

Conservation 

ONSERVATION and development 
of the world’s resources will be dis- 
cussed at a United Nations Scientific 
Conference on the Conservation and 
Utilization of Resources, which will be 
held at Lake Success, N. Y. fiom August 
17 to September 6. 

The Conference, first of its kind ever 
held on a world scale, has been called by 
the United Nations Economic and Social 
Council, and several hundred scientists 
are expected to paiLicipate. It will be 
held at the same time as a conference on 
the piotection of nature, sponsored joint- 
ly by UNESCO and the International 
Union for the Piotection of Nature. 

Meetings in June 

S OCIETY of Automotive Engineers. 
French Lick, Tnd. June 5-10. 
American Medical Association. At- 
lantic City, N. J. June 6-10. 


There are many common objects which 
we all see almost daily Because they are 
so iamiliar we take it for granted that 
they have reached final perfection Fre- 
quently, however, this is far from being 
the case An example can be found in the 
2^2 gallon fire extinguisher, found for 
years m almost every factory, school, and 
office Countless fires have been put out 
with it, and lives, buildings, jobs, money 
saved Some time ago an important maker 
of this type of bottom-up extinguisher 
decided that the latest technological de- 
velopments should be put to work in both 
the production and design of this impor- 
tant device To this end, a complete re- 
study of possible machines, methods, ma- 
terials, and design was 
ordered. 

These extinguishers 
for many years had' 
been made largely by 
iiveiing, and soldering 
was used to produce 
tight scams There 
was much hand work, 
which it would be de- 
sirable lo reduce 
Modern scam-welding 
techniques seemed in- 
dicated, plus mechani- 
zation of other steps, 
and an increased use 
of conveyor systems 
Such an extensive pro- 
gram as this required careful considera- 
tion of the relationships among design 
materials, methods and machines. It 
was early decided to switch from the 
traditional copper to the newer and 
much stronger silicon bronze, which can 
be resistance-welded easily. The maker 
and Revere collaborated closely, and 
jointly worked out the time, tempera- 
ture and pressure requirements for clean, 
sound welds. Revere also established 
the proper tempers for the body sheet 
so that it withstands more than the 
Underwriters’ test pressure, but never- 
theless is easily formable into a cylinder 
with beads that locate the top and bot- 
tom domes. Similar specifications were 


written for the sheet to be drawn into 
those domes, and even their design was 
studied and recommendations made The 
extinguisher manufacturer, for his part, 
either disposed of old machines, or rebuilt 
them, and in addition bought much new 
equipment, some of it on special order. 

This program involved one of the most 
complete renovations of plant and prod- 
uct which Revere has ever observed, and 
Revere considers itself fortunate to have 
been permitted to collaborate so closely 
We were able to place at the service of 
our customer the accumulated knowledge 
of our Technical Advisors, the welding 
section of the Research Department and 
in addition called upon three of the 
Revere mills for prac- 
tical suggestions. 
Revere’s final step 
came when a number 
of the first extinguish- 
ers oft the production 
line were tested in the 
Research Laboratory 
to make sure that the 
recommended anneal- 
ing practices were 
adequate. 

The report given 
here is necessarily con- 
densed. Actually, the 
work occupied many 
months, and included 
a large number of con- 
ferences, much correspondence, and thor- 
ough testing of methods That it all was 
supremely successful is shown by the 
results* a fire extinguisher that is 4ki 
pounds lighter, greatly improved in ap- 
pearance and design, and produced with 
greater speed and economy 

This outstanding example of the bene- 
fits received when a manufacturer and 
a supplier collaborate closely is not 
unique, A pooling of knowledge toward 
a common end goes on constantly in every 
industry. Revere suggests, therefore, that 
no matter w^hat it is you buy, you give 
your suppliers the opportunity to give 
you their experience as well as sell you 
their materials, 
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From there the W ac Corporal climbed to 250 miles, hear- 
ing a payload of telemetered instruments. It reached its 
maximum height in six and a half minutes, crashed five 
and a half minutes later. The hull has not been found. 


ROCKET ASCENT was achieved on Feb- 
White Sands iSroyihg Gromid, N. M., by 
r'Q<iEet, Here the Cojt^poral is in the 
c^arried it to a hei^t of 20 miles. 



The historic method of propulsion is also the most 
modern. The central problem is fuel, the development 
of which may presently liberate man from the earth 


O N Febiiuuy 24, 1949, man made 
his first leally substantial step into 
outer space. On that day an ex- 
German V-2 rocket took ofl Irom the 
White Sands Pioving Gumnd in New 
Mexico. In its nose it carried, instead of 
the customaiy one-ton “warhead,” an 
Ameiican-inade lockct ol the typo known 
as the Wac Corporal, filled with tele- 
meteied instruments. The V-2 rocket by 
itseir would have i cached an altitude of 
about liO miles, The Wac Corporal, 
taking off Irom the ground without a 
booster, would have attained an altitude 
of about 40 miles. But taking off trom the 
V-2 at an altitude of moie than 20 miles, 
and starting at a velocity of a mile per 
second befoie it had even begun to burn 
its own fuel, the Wac Corporal attained 
a maximum velocity of 1,39 miles per 
second and then coasted upward to an 
altitude of 250 miles before earth*s grav- 
ity won out over its kinetic energy and 
began to pull it back. 

While definitions of the limit of the 
earth’s atmosphere differ, it is generally 
agreed that the piessure at 250 miles 
above sea level is virtually zero, so it 
is fair to say that at the peak of its ascent 
the Wac Coiporal was in intei planetary 
space. This historic event took place 
tliree years to the day after the first 
rocket of its type had taken off from the 
White Sands Proving Ground. If the 
recent rate of progress in rocket research 
is maintained, the day when man will 
lealize his ambition to fire a missile to 
the moon or beyond is not too far off. 

Kockets have come a long way since 
the first liquid-fuel rocket of the Ger- 
man Rocket Society lifted itself from the 
ground on May 10, 1931, and climbed to 
all of 60 feet; or since Robert H. God- 
dard s first liquid-fuel rocket rose near 
Auburn, Mass., on March 16, 1926, and 
crashed 184 feet from its takeoff point; 
or since that day in 1911 when the 
Frenchman F. Ferber de Rue, one of die 
early aviators, wote in the last chapter 
of a small book on flying: “In order to go 
higher, and man will want to go higher, 


by Willy Ley 

it will be necessaiy to adopt a different 
principle. The piinciple of the locket, 
which will lead to a le action motor, is 
indicated.”' 

The rocket pimciple itself is many 
ccntiuies old. From about 1805 to 1830 
the locket was a much- feared “secret 
weapon” of the Butish. They used it all 
over the woild, including North Ameri- 
ca— which led to the lines m oui nation- 
al anthem on “the rocket's led glare, the 
bombs bin sting m air,” the bombs being 
the rockeLs’ wax heads. Still earlier, pi- 
rates had used lockets to set their 
enemies’ taried rigging afire. The earli- 
est European lefercnce to lockets that 
can lie given a definite date was in the 
City Chronicle of Cologne for the year 
1258. Learned Arabs of the same period 
also knew of lockets; they called them 
alsicliem alkliatai, or “Chinese ariows.” 
Most likely the rocket was actually in- 
vented in China. Chinese chronicles 
are neither complete nor reliable, but 
the Fiench Sinologist Stanislas Julien 
succeeded m finding a description of 
something like a rocket in a work of the 
yeai 1232. No earlier references are 
known. 

The Early Rockets 

Aside from a few experimental cm*i- 
osities of the 18th and 19th centuries 
that ran by the expulsion of steam, all 
rockets made before 1920 were fueled 
by black powder At first the powder 
used was the same as that in guns, but as 
gunpowder improved, it became too 
violent f 01 the propulsion of such rockets 
as weie made in those days. It had to 
be slowed down—pyrotechnicians spoke 
of “making it lazy”~by addition of extra 
charcoal. Good black powder for guns 
had a composition by weight of about 
75 per cent saltpeter, 15 per cent char- 
coal and 10 per cent sulfur. The numer- 
ous rocket recipes recommended around 
60 per cent saltpeter, 25 per cent char- 
coal and 15 per cent sulfur. In fireworks 
rockets, fine metal fihngs were often 


added to pioduce a shower of pretty 
sparks m the exhaust. The rockets were 
all sti*aight tubes into which the powder 
niLxture was laboriously hammered in 
small portions, usually around a central 
“thorn” that was pulled out when tlie 
powdei had been packed in. This left 
a hole in the center which, for reasons 
then unknown, was necessary for the 
functioning of the rocket. 

Attei theii early trials in warfare, 
rockets were abandoned as a weapon 
for seveial centuries, not for moral rea- 
sons but because large rockets had the 
nasty habit of exploding duiiiig manu- 
facture. By about 1450 they had largely 
ceased to be employed in warfare on 
land, though incendiaiy rockets lingered 
on at sea for another three centuries. 
War rockets persisted longest in indus- 
trially backwaid countries: to make 
rockets one needed only a workshop, 
whereas to cast cannon and shot required 
a foundry. 

Near the end of the 18th century Brit- 
ish troops fighting in India suffered some 
surprising defeats at the hands of Hindus 
armed with rockets. When the news of 
these defeats and the reason for them 
reached England, a major in the Royal 
Artillery named William Congreve de- 
cided to look into the matter. He bought 
some lockets at his own expense and 
began to experiment with them. His 
experiments were so successful that 10 
years later he was General Sir William 
Congreve. 

In about 1680 Sir Isaac Newton had 
published his Third Law of Motion— 
every action has an equal and opposite 
reaction— which governs the perform- 
ance of rockets. Some 20 years before 
Congreve went to work, a French refu- 
gee physicist living in London, one Dr. 
Desaguliers, had even written a popular 
book in which he pointed out, among 
other things, that the recoil of a rocket 
should operate in empty space, or a 
vacuum, as well as it does in air. (Actu- 
ally it works somewhat better in a vac- 
uum.) So the theory and the necessary 
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CHINESE may have used rockets as 
early as 1232. Here incendiary rock- 
et arrows are launched from ])askets. 



LAUNCHER built by the Chinese 
had a capacity of 100 rocket arrows. 
It could be tilted to alter its range. 



PORTABLE launcher had a capac- 
ity of 40 rodklet arrows. These rock- 
\ ^ tiad 4 range some 400 feet. 


nuithcinaliCcil tools loi ii scicntilic in- 
vestigation ol lockets weie ahcacly 
available. Congie\'e, however, chd not 
make sucli an investigation, he simply 
impioved the construction ol the typo 
ol locket that medieval artisans had de- 
veloped by lule ol thumb. 

The artisans had known that a rocket 
will tumble end over end unless it is 
piovided with a guiding slick. Tuie, dui- 
ing the early 17th century an unknown 
inventor had devised guiding fins, but 
Congieve pi el ei red the guiding slick, 
even though it was a dead weight 
amounting to almost 40 pei cent ol the 
locket’s total mass. Instead ol allacinng 
it to the side ot the tube, liowevcr, 
as had been custom aiy, he lasteiied 
a thiec-pionged fork to tlic lower end 
of the rocket tube so that the stick was 
held in line with the rocket’s axis. Con- 
gievc also diseoveied a way to prevent 
the rocket from exploding while the 
powdei was being hammered in. When 
a powdei mixture is compressed by 
hammeimg, the air trapped between the 
fine powdei grains also is compies.sed, 
and the heat thus geneialed may be 
great enough to ignite the powder. Con- 
greve was probably not aware of tliis 
basic explanation, Init he found l)y em- 
pirical tests that the powdei could safely 
be hammered if it was moistened with 
alcohol, the result, we know now, is lhat 
much of the air is replaced liy an incom- 
piessiblc Inpiid which also alisorhs some 
ol the heat, Congreve, in addition, sub- 
stituted a drop hammer for the hand- 
wielded mallet. With all these improve- 
ments Congreve produced a practical in- 
cendiary weapon that had a langc of 
3,000 yards, putting it on a par with tlige 
biggest mobile guns of the lime. 

The British introduced this weapon to 
the world in two very elective rocket 
raids on Boulogne and Copenhagen in 
1806 and 1807. Overnight, rockets ex- 
cited intense interest among military 
men m all countries, just awS they do to- 
day. Austria, France, Poland and Russia 
went in lor experimentation to develop 
their own types, hut most of the other 
nations were satisfied to buy then rockets 
horn England 

It was the British again who produced 
the next important improvement: a stick- 
less rocket. Its mventor, William Hale, 
got rid of the stick by placing in the ex- 
haust tliree metal vanes that made the 
missile rotate and thereby gave it stabili- 
ty in flight. Hale rockets were adopted 
by the U. $. Army. But by that lime 
most of the hastily organized rocket 
corps in European armies had been dis- 
banded. A new drawback had appeared: 
the black-powder rocket became unsta- 
ble after a period of storage, for tfie com- 
pressed powder grew very brittle. Acci- 
dental dropping or even sudden changes 
of temperature produced cracks m the 
powder that caused explosions when it 
Was Ignited. In the First World War the 


onlv nation that used lockcts to any ap- 
pieciablc extent was Fiance, l^'rencli 1)i- 
phme.s carried large naval signal rockets, 
and used them to shoot down German 
captive balloons l)earing aitillery ob- 
serve! s 

Rocket Theory 

The scientific investigation ol rockets 
did not begin in earnest until the 1920s. 
To be suie, the rundamoiital principle 
was alicady well known, it was expiesscd 
m a simple loimula doiivcd Irom New- 
ton’s Thud Law ol Motion* MV™ me. 
M and V weie, lespcctively, the mass 
and the velocity ol the rocket, and m and 
c signified the mass and velocity ot the 
exhaust. Since ail lesislance did not en- 
ter into this lonnnla at all, it meant that 
the motion ol tlie locket was indcpencl- 
ont ol the surrounding air. Tlie 18th- 
century Frenchman IDosagulicrs had ex- 
plained this as follows: 11 you imagine a 
container filled with a compressed gas, 
the gas will exeit equal picssure on all 
paits of the inside ol the coiUaiiicr’s wall. 
But if the container suddenly acfiuires a 
hole where the gas can escape, there can 
he no pressure on the area of the hole. 
There must be suiplns pre.ssure on the 
wall opposite ihc hole. And if the pres- 
sure exerts enough foicc it will move the 
container in tliat diicclion, opposite the 
direction oi the exhaust. 

To calculate the tin list thus exerted, 
difl'erenlial equations were needed. 
After many errors, tlie con eel equation 
was found to be. P~c X dm/dl. Tins 
means lhat the thrust, P, is determined 
by multiplying the exhaust velocity, c, 
by the muss ol the exhaust during a given 
time interval, say the number ot grams 
per second This equation at once made 
clear why the center hole in the solid 
fuel IS needed. If the fuel filled the tube, 
the burning urea would be only the cross 
section ot the tube at the rear end of the 
rocket, and the mass of the expelled gas, 
or exhaust, would lie at a minimum Un- 
der these conditions the 1 actor dm/dt 
would not lie huge enough to make the 
thrust, P, greater than the weight of the 
rocket. The function of the center hole is 
to increase the burning area, which is 
now the entire inside surface ol a cone 
Ol a cylinder, depending on the shape of 
the hole, instead of just the cross section. 
The hole m the tube shortens the dura- 
tion of the thrust, both by increasing the 
fuel consumption per second and by re- 
ducing the amount of fuel canied by the 
rocket, but it makes possible the power 
necessary to lift it. The equation also 
showed that the chief puipose served 
by the hammering of the powder was to 
pack as much “gas” (in its state prior to 
combustion) into the tube as possible. 

This theoretical knowledge became 
generally available a few years after the 
First World War, but for a while atten- 
tion was focused mostly on the brittle- 







ROCKET EXPLODES rltirin^ a Geniian dciiionslra- Tiling, liowcycr, was not in tlic advance guard of rock- 
lion of the 1930vS. Tins rocket (lad keen made by Rein- etry* His rockets ])iirncd solid fuels. They also were 

hold Tiling, one of llui early (rermaii rocket workers. lilted witli wings, a pair of wliicli is above explosion. 



LAST EXPERIMENT of German Rocket Society was EARLY U. S. ROCKET is prepared for launching in 
conducted on a lake near Berlin in 1933. Society soon. Robert H. Goddard’s tower near’ Roswell, N. M. Rock- 
disbanded. German Government carried on later work. et was launched in 1940.' At the left are oxygen tanks. 
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BASIC CONSTITUENTS of a liquid-fuel rocket are 
outlined in this drawing. At upper left is oxidizer tank. 
At lower left is fuel tank. Oxidizer and fuel are fed into 


motor at right. Between tanks is an auxiliary motor 
which runs a turbine (center). This in turn runs oxi- 
dizer and fuel pumps {above and below turbine rotor ) . 


ness of black powder. Military men be- 
gan to investigate smokeless powder for 
rocket propulsion. Smokeless powders, 
especially the so-called ''double-base” 
powders first compounded by Alfred 
Nobel, weie not brittle and were more 
impervious to temperature changes. 
They also had a higher energy content. 
The most carefully compressed black- 
powder mixtures produced an exhaust 
velocity of about 2,000 feet per second. 
With double-base powders one could 
hope for 4,000 to 5,000 feet per second. 

The two bases used by Nobel were 
mtrocellulose and nitroglycerine. The 
manufactuimg process amounted to 
making nitrocellulose gelatinous by 
means of a substance which was a high 
explosive itself. Nobel’s materials, with 
the addition of stabilizers, became the 
basis of the modern sohd-fuel rockets 
The British developed a rocket powder 
mixture composed of 50 per cent nitro- 
glycenne, 41 per cent nitrocellulose and 
9 per cent diethyl diphenyl urea. The 
U, S. powder had a similar composition: 
60 per cent nitrocellulose, 40 per cent 
nitroglycerme and a small addition of 
diphenylamine. In all likelihood the 
Germans also began widi one of Nobefs 
mixtures^ but they looked arouro^ for a 
mbstitute for nitroglycerine, j^inOe^Mlyc- 
ei^e is derived from fatkwlfich m^t be 


scarce in time of war. Somebody thought 
of using diethylene glycol dimtrate. The 
substitute proved to be better than the 
original; it was less sensitive and superior 
as a gelatmizer. 

With the change in propellant went a 
thorough change of design. The old 
tightly fitting powder charge with a cen- 
ter hole, designated as a “restricted burn- 
ing locket,” was leplaced by an “unre- 
stricted burning locket,” consisting of a 
warhead and a powder stick Ireely sus- 
pended m a steel tube. These paits can 
be mass-produced by virtually automatic 
machinery. The powder sticks are either 
thick-walled tubes, buining from the 
outside in and from the inside out, or 
thick- armed crosses Both shapes burn in 
such a manner that the factor dm/dt re- 
mains nearly constant. The factor is high, 
for the burning time of bombardment 
rockets is about three seconds. 

Rocket engineers had no sooner cre- 
ated this powerful design than they 
found it necessary to change direction 
and rediigo^the factor dm/dt. The reason 
was rockets were also needed as 
takeoff assistance for airplanes, and this 
required a buiming time of at least 20 
seconds. They therefore returned to the 
, old restricted burning rocket, even to the 
type widiout the center hole. A new fam- 
ily of propellants had to be developed, 


and they received the name of “cast 
propellants,” This name at once suggests 
TNT, which is poured into shells in a 
molten state. The Germans actually tried 
a fuel containing 50 per cent TNT. 

In the U. S. the pioblem was solved 
by a method described in the so-called 
JPL (Jet Propulsion Laboratory) Re- 
port of the Caliloinia Institute of Tech- 
nology. The engineers in charge i ejected 
a double-base powder because it ap- 
peared doubtful that an exhaust nozzle 
would be able to stand the heat of the 
exhaust for the duration required, from 
20 to 40 seconds. The propellant they 
developed (it was later superseded by 
improved fuels) was called GALGIT 53, 
a name derived from the initials of the 
Guggenheim Aeronautical Laboratory, 
California Institute of Technology. It 
was a mixture of potassium perchlorate, 
as the oxygen carrier, and a special va- 
riety of asphalt, the fuel. It looked like 
black paving tar and had a similar con- 
sistency; it could be igmted with an or- 
dinary flame, but not easily. Once ig- 
nited it burned well with an intense 
white flame, generating very large quan- 
tities of dense white smoke. “Burning m 
a combustion chamber under a pressure 
of 1,600 pounds per square inch,” said 
the report, "the propellant gives an aver- 
age exhaust velocity of 5,300 feet per 



REGENERATIVE MOTOR is a ftmdaiucnlal concept the chamber fuel is circulated through a jacket around 
of modern rocket technology. Reaction of oxidizer and it. This cools the chamber and heats the incoming fuel, 
fuel takes place in innermost chamber. Before entering Oxidizer is fed directly into the chamber {upper left ) . 


second at an aveiage l)urmng rate of 1.25 
inches per second.” 

A New Principle 

From the point of view of a chemical 
or militaiy engineer all tliis constituted 
enormous progicss, Imt in the eyes of a 
rocket theorist it merely solved Con- 
greve's relatively minor problems. The 
more fundamental improvements that 
finally resulted in that first step into 
space on Febiuaiy 24, 1949, required a 
different approach. This approach con- 
sisted in developing a comprehensive 
theory first and worrying about the en- 
gineering aspects afterwards. 

Chronologically the first to suggest the 
key to the new approach was a Russian 
schoolteacher named Konstantin Ed- 
uardovitch Ziolkovsky. In 1903 he pro- 
posed the revolutionary idea that rockets 
should be designed for liquid fuels. Al- 
though eminent scientists (among them 
Dmitri Mendeleyev, author of the pe- 
riodic table of the elements) encouraged 
him, his work is only of historical inter- 
est, He failed to influence experimental 
researchers in Russia, and his name re- 
mained unknown elsewhere because 
nobody ever translated his writings. 

The first modern pubheation on rocket 
theory was Robert H. Goddard's oft- 


mentioned Smithsonian Report of 1919, 
entitled A Method of Reaching Extreme 
Altitudes, Goddard biiefly mentioned 
liquid fuels in this repoit, hut failed to 
place emphasis on the importance of this 
concept. In 1923, however, a small and 
highly technical book that was to have 
gieat practical consequences appeared 
in Germany. It was written by a young 
professor of mathematics named Her- 
mann Oberth, a native of Transylvania. 
An imapologetic discussion of the theo- 
retical aspects of intei planetary travel, 
the little hook considered rocket theory 
m all its applications, from a small instru- 
ment-carrying rocket to a manned space 
ship. Its distinguishing feature was 
Oberth s strong argument for hquid fu- 
els. He suggested alcohol and liquefied 
hydrogen as likely fuels, with liquid 
oxygen as the oxidizer. 

Practical engineers were amused at 
the notion of using substances like liquid 
hydrogen and liquid oxygen m tank-car 
lots. I remember listening to a speech by 
a man, considered an eminent authority 
on liquefied gases, who declared with 
great emphasis that any fuel in contact 
with liquid oxygen would not burn at all 
but would always explode. Oberth's idea 
was hotly discussed for years on false 
assumptions of this kind and on irrele- 
vant issues, some of which were intro- 


duced by Oberth’s own supporters. They 
laid great stress, for example, on the fact 
that liquid fuels were theoietically capa- 
ble of producing a higher exhaust veloc- 
ity than black powdei. But the higher 
exhaust velocity was an incidental fac- 
tor, for it eventually became possible to 
produce solid fuels with an exhaust ve- 
locity close to that of liquid fuels. 

Oberth's suggestion had much more 
revolutionary implications. One affected 
the contiol of a rocket's flight. There was 
nothing anybody could do with a solid- 
fuel rocket after it had been ignited. It 
could not be slowed down nor turned 
off. Ill rockets using liquid fuels, on the 
other hand, the rate of burning could be 
adjusted by means of valves and mjec- 
tion nozzles; either by means of a* radio 
signal or directly, in a manned rocket, 
the rocket motor could be tlirottled or 
shut off completely. 

But by far the most important gam 
was a radical change in the rocket's 
'mass ratio,” meaning tlie ratio between 
the takeoff weight and the weight after 
all the fuel has been burned. The take- 
off weight is made up of the payload, 
the rocket structure and the fuel load. 
Obviously the greater the fuel load 
carried by a rocket of a given size, 
that is, the higher its mass ratio, the 
greater is its potential speed. Mathe- 
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matical investigation showed that the 
performance of a rocket could he de- 
termined by the following foimula: 

Heie M(, is the takeoff 
weight, hli the remaining weight, v the 
maximum velocity, c the exhaust velocity 
and e the base of the so-called natural 
logarithms, 2,.7 182818. To calculate the 
required mass ratio for a desired per- 
formance it is only necessary to find the 
maximum velocity needed lor that per- 
formance, divide this velocity by the 
exhaust velocity available and use the 
result as the exponential factor on e. This 
formula is valid only in a space without 
any resisting medium and without gravi- 
tational fields to be overcome; it does not 
woik for small fireworks rockets under 
actual conditions. But the larger the 
rocket the closer the agreement between 
formula and reality. In the case of a V-2, 
less tlian 30 per cent has to be added to 
the calculated value, and in the case of 
a rocket that could reach the moon only 
about 5 per cent needs to be added. 

Now it is at once apparent that when 
it comes to mass ratio the solid-fuel 
rocket is at a decided disadvantage. The 
whole rocket structure must be strong 
and heavy to withstand tlie gieat inter- 
nal pressure of combustion plus the heat 
generated by the combustion. The “fuel 
tank” and “combustion cbani1?ei” are one 
and tine same. When liquid fuels are 
used, however, the tanks and the rocket 
motor are separate units, hence m a large 
rocket the tanks can be ihin-shelled. In 
a relatively small rocket such as the Wac 
Corporal, the tanks must stand the same 
pressiiie as the motoi, since the liquids 
are fed into the motor by gas pressure, 
but even so there is less pressure to with- 
stand. The combustion pressure in a 
liquid-fuel motor is of the order of 300 
pounds per square inch, while in rockets 
using powder explosives the combustion 
pressure may be several thousand 
pounds per square inch. This can be il- 
lustrated in practical terms by compar- 
ing actual rockets of the two types. The 
solid-fuel locket known as Tiny Tim 
weighs 1,284 pounds, of which 590 
pounds is warhead and 146 pounds is 
propelling charge. The mass ratio is 1.13 
to 1. The liquid-fuel Wac Corporal has 
a takeoff weight of 665 pounds and a 
fuel load of 385 pounds. Its mass ratio 
is 1.73 to 1. In a large liquid-fuel rocket 
the mass ratio can be further increased 
by force-feeding the motor by means of 
centrifugal pumps instead of gas pres- 
sure, which makes it possible to reduce 
the weight of the tanks. Thus the V-2, 
with a takeoff weight of about 12 tons 
and a weight with warhead of four tons, 
has a mass ratio better than 3 to 1. 

Practical Problems 

Befqre. anybody could build a rocket 
^ ^th a mass ratia,^ a Wgp number 
, of proWeius bad to be in- 


vestigated and solved. Building materials 
was one. The liist motors weie made of 
steel. It was supposed that steel, because 
ol its mass, would absoib the heat of 
combustion with safety, as it does in a 
gun ban el. The idea did not work; the 
motors disintegrated. Then somebody 
had the idea of doing the opposite, of 
making the motor with very thin walls 
of a metal of higli heat conductivity— 
pme aluminum— and cooling it from the 
outside by means of running water. That 
woiked fine on the test stand, wheie un- 
limited quantities ol cold watei could be 
uin through the cooling jacket, but in 
lising rockets cooling became a prolilcm 
of a much higher order of difficulty. One 
method that was attempted was putting 
the motor inside the liquid oxygen tank, 
in the hope that the liquid oxygen would 
help in cooling without inci easing the 
weight. The tank exploded. It had been 
foi gotten that a liquid gas, while ex- 
tremely cold, is a poor cooling medium 
because, being near its boiling point, it 
cannot absorb any quantity of heat 
worth mentioning. 

The cooling problem was solved, odd- 
ly enough, not by direct attack but as a 
by-product of studios ol the luel prob- 
lem, Many fuels had been tried; gaso- 
line, methane, benzene, even gaseous hy- 
drogen. In the end the mOvSl efficient fuel 
was found to be Oberth s first suggestion 
—alcohol. An Austrian physicist, Eiigcn 
Sanger, published a timely book that 
presented tables relating to the theoreti- 
ca] perfoimance of fuel-and-oxygen com- 
binations. The most striking finding was 
that alcohol required the smallest 
amount of oxygen for combustion; it 
needed only 2.1 times its weight of oxy- 
gen, while gasoline, for example, needed 
3,5 times its weight. And here emerged 
an answer to the cooling conundrum, for 
alcohol is a good absorber of heat, espe- 
cially when it is mixed with water. Fur- 
thermore alcohol-water mixtures stay 
mixed m a tank while gasoline-water 
mixtures do not. How much water could 
the alcohol hold and still bum? My 
fathei, a wine merchant and liquor man- 
ufacturer, helped supply the answer, a 
mixture that contains more than 40 per 
cent of alcohol (over 80 proof) can be 
ignited in air. 

Klaus Riedel of the German Rocket 
Society then ran a few tests, beginning 
with 60 per cent alcohol and working 
down to 35 per cent; in pure oxygen 
instead of air even this watery mixture 
would bum. In 1931 the first rocket mo- 
tor using watered alcohol as fuel was 
built. The fuel was run through the cool- 
ing jacket before it was injected into the 
motor. It did double duty, serving as a 
coolant first. 

Much later, after the German Rocket 
Sociefy had been dissolved and the Ger- 
man Anny had taken over rocket experi- 
mentation on Peenemiinde in the Baltic, 
Oberth discovered another interesting 


fact about alcohol-water inixUires. Natu- 
rally the exhaust velocity depends on tlic 
aveiage molecular weight ol the exhaust. 
The exhaust is a mixture ol carbon diox- 
ide and watei molecules. The latter aie 
fai lightei. By adding watei to the fuel 
the relative nuinbei ol water molecules is 
increased, the aveiage molecular weight 
of the exhaust diops, and the exhaust 
velocity goes up. Ol couise theio is a 
limit to this, else watei would be the 
siipciior fuel. Oberth lound that the opti- 
mum result was obtained wlien the ad- 
mixtine of water to alcohol was slightly 
above 25 poi cent. And that mixture of 
75 pei cent ethyl alcoliol and 25 pei cent 
watci became the fuel ol V-2 and later 
of the U. S, lockct airplane designated 
XS-1. 

But even with as good a coolant as 
watei cd alcohol the big motor of V-2, 
made of loimed sheet steel sections 
which weie then welded togethei, did 
not stand up well enough. It burned 
through in the place where rocket mo- 
tors are in the liabit of binning through, 
near the so-called “throat,” the nariowest 
section of the exhaust nozzle. Yet the 
answer, when it was finally found, was 
simplicity il.s’clf. All lhat was needed was 
to drill a number ol fine holes llirough 
the wall of the oxiuuist nozzle so lhal fine 
.sprays of watered alcohol could enter 
this part of the motor dii colly from the 
cooling jacket. The alcohol was cairiod 
along by the exhaust blast to foim an 
insulating layer between oxhaiisL and 
nozzle wall. Lacking a supply oi oxygen, 
it did not burn and was a waste of fuel, 
if you like, but it made the motor stay in 
one piece for 70 seconds. 

The Modern Versions 

The V-2 has had a number of succes- 
sors in the U. S., all different in size, 
design and x^nipose, The Wac Coiporal 
came first, then the Aerobec, the Con- 
vair 774 and the Noith American Air- 
ciaft Nativ. Even while V-2 was under 
development there weie a number of 
other types in Germany: the Peene- 
munde rocket A-5, the anti-aircraft mis- 
sile Wasserfall and the small anti- ah ci aft 
rocket Taifiin (typhoon) . 

These rockets used various fuels. 
While the watei ed alcohol and liquid 
oxygen combination is almost ideal, it 
does have a major drawback. The boiling 
point of liquid oxygen is almost 200 de- 
grees Gentigrade below the freezing 
point of water. Hence a rocket using it 
cannot lie around waiting. It is a case of 
“fuel and fire.” But the Germans wanted 
a rocket that could be used as an anti- 
aircraft weapon, which meant, of course, 
that fully charged rockets had to be held 
in readiness, waiting. And this meant 
doing without liquid oxygen. 

W asserfall and Taifun were developed 
as anti-aircraft rockets. They were actu- 
ally built and tested but did not reach 



llic stage oi icaclmess lor production and 
mililaiy use be! ore ibo end ol the war. 
Wcmcrfall, a guided missile, looked like 
a small V-2, except lor a set ot stubby 
nud-body wings. It stood some 24 feet 
tall and had a takeoft weight ol slightly 
ovei 7,600 pounds, ol which 4,100 
pounds was piopellants. Since the mo- 
toi thiust at takeoll was 17,600 pounds, 
its effective takeoff' acceleration was 
about 1 .3 g, 01 1 3 limes the accelei alien 
ol a body 1 ailing under the influence ot 
the earth’s gravity This was slightly 
higher than the lakeoff aecelci alien ot 
V-2. Wcmci’faU operated without pumps, 
fuel feed being accomplished by air 
pressuic The oxygen c^ainei loi this mis- 
sile was nitiic acid, to which 10 per cent 
of sulfuric acid was added. The fuel was 
vinyl isobuty] ethei, code-named VisoL 
Originally the design had called for light 
metal alloys for almost cveiy thing except 
the motor and the acid tank, actually it 
was built ol steel, just like V-2. 

It Wasserfall was (piite conventional 
in design, the unguidcd rocket Taifim, 
a small, high-vclocily missile that was to 
be fired in s wai ms, was ((iiile radical. 
The rocket, cylindrical in shape except 
for the pointed warliead, \vas loui inches 
in diameter and 75.6 inches tall. The 
cylindncal body served as lank lor the 
Visa!, Inside was a second, coueenlric 
cylindei that served as the lank ior the 
acid. The two litpiids were i'orced into 
die motor by gas picssure. It was not 
compressed gas, however, but the gas 
developed by a Inunhig disk of coidilc. 
The rocket ou takeoff weighed not quite 
43 pounds, of which 21.6 pounds was 
propellants. And it took olf with an ac- 
celeiatlon ol 31 g Thice seconds later 
the acceleration had risen to 45 g. 

The Peenemunde rocket A-5, designed 
for research tests ot instnimcnts and 
mechanisms to be used m oilier lockots, 
was 16.5 feet tall, with a maxinmm diam- 
elei of two feet. U reached an altitude 
of 40,000 feel when fired vertically. It 
came down by parachute— the only lea- 
sonably huge rocket so far tliat has been 
retrieved without deslruetion. (In the 
larger rockets valuable individual instru- 
ments are recovered by means of small 
parachutes.) It was also the only rocket 
for liquid fuels that used a so-called 
mono-fuel: highly concentrated hydro- 
gen peroxide. 

Hydrogen peroxide (PLOo) had pre- 
viously been known mainly in weak solu- 
tions; the household variety has a 
strength of four per cent. Pligher con- 
centrations were known to decompose 

according to the formula: 2 H 0 O 2 ^ 

2H20'h0o. This reaction releases 
enough heat to raise the temperature of 
the decomposition products to about 950 
degrees C. It had always been thought 
diat hydrogen peroxide could not be 
manufactured and stored in high- 
strength solutions in lai'ge quantities. 
After much research, the Germans sue- 



SPONTANEOUS IGNITION of aniline and red fuming nitric acid is photo- 
graphed at 64 frames per second in the Jet Propulsion Laboratory of the 
California Institute of Technology. This combination propels Wac Corporal. 
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ceeded in making it compaiatively safe, 
provided that two conditions were ful- 
filled, One was to keep impurities (not 
counting the water, of couise) down to 
a few parts in a million. The other was 
to keep any ti’ace of copper out of the 
metal paits that might touch the perox- 
ide, Copper-free nickel alloys or abso- 
lutely pure aluminum weie used as con- 
sUuction materials for these parts The 
reaction was started catalytically, by the 
addition of sodium or potassium perman- 
ganate The leaction that piopelled the 
A-5 was also used in the V-2, for the 
purpose of generating steam for the tur- 
bine that was to diivc the fuel pump. 

Refinements 

Meanwhile the engineers at Caltech’s 
Jet Propulsion Laboratoiy were busy de- 
veloping not only improved solid fuels 
but a liquid-fuel booster unit for air- 
planes to assist in takeoff. They knew 
what they wanted to use for an oxidizer: 
nitric acid. At fiist they used what is 
known as 'white acid’Welatively puie 
HNO3, The results were not good They 
switched to HNO^-hNOo, the red fum- 
ing nitric acid of commeice. It did better, 
but still not as expected. Then one of 
Caltech’s researcheis, Dr. Frank J. Mali- 
na, learned that another group of re- 
seaichers at Annapolis was having the 
same trouble. Visiting them, he learned 
that they had considered adding some- 
thing to their gasoline for better per- 
formance, possibly aniline. Why not use 
pure aniline? Dr. Malina wiied the sug- 
gestion to his men in Pasadena. The re- 
sult was an excellent motor, cooled by 
Its own fuel and needing no ignition, 
since aniline and nitric acid burst into 
flame spontaneously upon meeting. 

This became tlie motor of the Wac 
Corporal. A cylindrical rocket with a 
long conical nose, the Wac Coq^oral is 
16 feet tall and one foot in diameter. Its 
burning period is 38 seconds. In its first 
ascent on February 24, 1946, assisted by 
a solid-fuel takeoff booster, it reached 
a height of 230,000 feet. 

In spite of its military designation, the 
Wac Corporal is a peaceful rocket. It 
was designed as a carrier for instruments 
to high altitudes. But it fell short of the 
scientists aims as an instrument carrier. 
Before tlie Wac Corporal, experimenters 
would have been enormously happy with 
any method of getting even a single in- 
strument to altitudes above 200,000 feet, 
but they soon began to complain that the 
payload was not lai-ge enough. The re- 
sult of these complaints was the Aerobee 
rocket. 

As in the case of the Wac Corporal, 
the Aerobee’s motor was developed and 
built by the Aerojet Engineering Gorpo- 
^ ration, and the rocket proper by the 
M, ,r>ou^as Aficraft Company. The techni- 
j Section was in the . hands of the 
f Physics tabor atbry of Johns 


Plopkms Umveisity. The Aciobce, 15 
inches in diamclci, stands 226 inches 
high, 88 inches of which is a long 
pointed nose housing the inslrumcnts to 
be borne aloft. Like the Wac Coiporal, 

It takes off with the aid of a solid-fuel 
booster that laises its velocity to about 
1,000 feet per second, whereupon the 
motor takes over. This motor, in 45 sec- 
onds of buiuing, adds another 3,100 feet 
per second to the speed and raises the 
locket to a total altitude of 70 miles with 
a 150-poiind payload of mstriiments. 
Laiger payloads can be carried, but that, 
of coin so, reduces the peak altitude. 

As lai as pulilishcd information goes, 
no parachute recovery of this rocket has 
ever been attempted, but the designers 
have thought of an interesting substitute. 
When the rocket descends, a small con- 
trolled explosion knocks off its tail fins. 
The rocket is then completely unstable, 
aerodynaniically speaking, and it tum- 
bles to the ground, thereby taking maxi- 
mum advantage of the air resistance. 
Falling to eaith at a speed of about 150 
feet per second, it lands with an impact 
that is not gieat enough to destroy the 
instillments, especially on desert sand or 
soft soil. The fiisl full-dress firing ol an 
Aerobee took place on November 24, 
1947. 

The two newer lockels— 774 (built by 
Gonsolidaled-Vultec ) and Nativ (Iniilt 
by North American Aviation)— arc still 
laigcly seciet. Both are licpiid-fuel rock- 
ets. The lather large 774 has a polonlial 
altitude of 100 miles. The small Nativ 
rises only a few miles. Both are meant as 
practice missiles for the training of mis- 
sile crews. 

Wliat Next? 

As everyone knows, lockets are now 
being used foi exploiatory research. 
High-altitude shots with ex-German 
V-2s, Wac Corporals and Aerobees have 
provided a great deal of very interesting 
information about the density and tem- 
perature of our atmosphere at altitudes 
that were inaccessible only a decade ago. 
The solar spectium has been consider- 
ably extended. The intensity and distri- 
bution of cosmic radiation has been 
measured. The intensity of the earth’s 
magnetic field at high altitudes has been 
ascertained. The Aerobee has proved, 
among other things, that high-altitude 
rockets are extremely useful in taking 
photogi’aphs of inaccessible territory. 

So far, however, the number of such 
shots has been small. It is still a kind of 
probing, reaching at intervals into the 
ionosphere with questing instruments. 
The thing still to be done is to repeat 
these probes often enough so that a sta- 
tistical distribution of high-altitude con- 
ditions and phenomena can be estab- 
lished, around the clock and around the 
seasons. The findings will not all be 
meteorological. Aircraft designers will 


get whole sets of com]ffctcly new data, 
Long-1 aiige, higli-velocily lianspoi tation 
is likely to be lire ic.suU. Very long-range 
weapons too. 

But the hugest piomise is contained 
in that shot of Februaiy 24, 1949. The 
promise is m the use of the step princi- 
ple. Even with the utmost refinement of 
design, even with vciy light and won- 
derful pumps, there is a limit to the 
mass latio a single lOckcL can achieve. 
If we say, pessimistically, that that limit 

15 a mass ratio ol 5 to 1, il means that 
the ratio between loekcl velocity and 
exhaust velocity will lie about 8 to 5, 
say 8,()()0 feet pei second rocket velocity 
if the cxluiust velocity is 5,000 led pci 
second. But if one huge rocket of a mass 
ratio 5 to 1 carries a small locket ol the 
mass latio 5 to 1, the ratio of locket 
velocity in the upper slop to exhaust 
velocity will be doubled, i c., it will be 

16 to 5, and that corresponds to a mass 
1 atio of 25 to 1 . 

If the principle can be extended to 
thiee steps, we may very well get a 
"satellite rocket” that will cii clc the earth 
indefinitely. II wc extend it to lour steps, 
the fourth step sliould pass across that 
line where the pull of the moon is greater 
than that ol the earth. That lourih step 
wall Clash on tlie moon. 

To crash a rocket on the moon may 
not have any practical value, but it 
would be a highly vsymbohe act. Once 
that has licon done the step principle 
may be extended much farther. A rocket 
that moved arcrund the earth as a small 
artificial satellite, if it was enlarged and 
manned, would be the most useful in- 
vestment in the history of mankind. It 
would be a super-laboratory where any 
temperature might be created, where ex- 
periments could be carried out under 
apparently complete freedom from the 
effects of gravity. It would be a labora- 
tory with a limitless vacuum at the dis- 
posal of the researchers. It would be a 
highly superior astronomical observato- 
ry; any existing telescope, raised there 
and freed from the intcrferiiig atmos- 
phere, would be impioved in seeing by 
some 300 per cent. 

And finally, if fuels were accumulated 
on that station, so that a manned rocket 
could refuel, the satellite station would 
be the most effective “lower step” of all. 
It would be the solution of the problem 
of space travel— the ultimate goal of all 
rocket research. A ship capable of taking 
off from the ground and reaching such a 
station would also be fully capable, after 
refueling, of reaching the neighboring 
planets. Thus the shot of February 24th 
has opened a window with a view of the 
nearer areas of our solar system. 


Willy Ley is a former mem- 
ber of the German Rocket So- 
ciety and author of the book 
Rockets and Space Travel, 




THE WAC CORPORAL is launched at White Sands 
Proving Ground. Flaming jet is from booster charge that 
pushes rocket during early part of its flight. This later 
falls away and motor of rocket proper begins firing. 


THE AEROBEE, engineered by the Applied Physics 
Laboratory of Johns Hopkins University, is also lifted 
by a booster. Flame inside tower, however, is from 
the motor of the rocket itself, which has begun to fire. 
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PLANT HORMONES 


Like animal hormones, they achieve powerful effects 
at a distance from their point of origin. Presenting 
a review of how they have been studied and applied 

by Victor Scliockeu 


M ost people are aware of the far- 
i eaching effects of hormones up- 
on their bodily functions and 
even their peisonahties. It is less widely 
lecognized that m plants as well as ani- 
mals hormones regulate the chemical re- 
actions that compiise the life processes 
of the organism. The hormones of 
plants, like those of animals, are chem- 
ical substances that are produced m one 
part of the organism and affect a physio- 
logical process in anothei pait. In plants 
the hoimones originate not in special 
glands but m buds oi ceitam other glow- 
ing points. Some of them have been iso- 
lated in puie form. Moreover, just as 
drugs have been synthesized to simulate 
activities chaiacteristic of hormones of 
the human body, so loo synlhctic com- 
pounds similai to the plant hoimones 
have recently been developed. In other 
woids, the plants have not only their 
adrenalin but their Benzedrine as well. 
Obviously this means that man now 
has a practical means for the piactice of 
therapy and control of the plant king- 
dom on a large scale. These natural and 
synthetic chemicals, which have been 
given the general name “auxins,” have a 
powerful effect on the growth and health 
of plants even when used in veiy tiny 
amounts. Some of them are already in 
wide use by farmers and gardeners as 
weed killers and in other, more subtle, 
capacities, but the full exploration of 
their possibilities has barely begun. 

The first observations that cleaily sug- 
gested the presence of a hormone in 
plants were made by Charles Darwin 
during his study of phototropism, or the 
tendency of plants to incline towaid a 
light source. This phenomenon had been 
observed long before Darwin, but he was 
the first to show that different parts of 
the plant were involved in leceiving the 
stimulus and in respondmg to it. Work- 
ing With the seedlings of canaiy grass, 
oats, beans, and other grasslike plants, 
Daiwin found that if the tip of the seed- 
ling was covered with a cap of tin foil or 
blackened glass, the plant failed to bend 
toward a light directed at it from one 
side. If, on the other hand, the seedling 
, was buried in fine black ^and and only 
Jbe tip was expose^ tjie pbqtotropic 
enryatee md :^e place; in fact thq 


whole plant bent through the sand to- 
ward the light when it was illuminated 
fiom only one side. Dai win also ob- 
served that if part of the tip was cut off, 
even as little as a tendi of an inch, the 
seedling no longer exhibited photo- 
tiopism. 

From these and many other experi- 
ments he concluded, as he lep cited in 
1881 in The Foivcr of Movement in 
Plants, that “when seedlings are freely 
exposed to a lateral light some inilucncc 
IS transmitted horn the upper to the 
lower paiL, causing the latter to bond.” 

But bow was the mflueuce trans- 
mitted? The Danish botanist JL Boy sen 
Jensen found that il an incision was 
made in the dark side of a unilatcTally 
ilkimmatcd seedling, and a piece of mica 
was msoitecl in the slit, the stimulus 
was blocked and tlic seedling did not 
bend. The same operation on the illumi- 
nated side, however, did not interfere 
with the normal bending of the plant to- 
ward the light. Boy sen fensen concluded 
that the stimulus fiom the light passes 
down the daik side of the seedling. 

He then cut off the uppei part of a 
seedling, placed a drop oi gelatin solu- 
tion on the cut surface of the slump, and 
replaced the upper part, holding it in 
position by means of a ling of cocoa bnt- 
tei . When the replaced tip was then uni- 
lateially illuminated, a decided curva- 
ture appeared m the part below the cut, 
which had been kept in the dark and 
was connected with the illuminated tip 
only through the gelatin. The stimulus 
had passed through the gelatin, a layer 
of nonliving matter. Clearly the ti*ans- 
mission of the stimulus from the tip to 
the region of response did not depend 
on the vital process of the seedling. 

I T was A. Paal, working at the Uni- 
versity of Utrecht in Holland, who 
finally showed that the photo tropic re- 
sponse is due entirely to a growth 
substance winch is asymmetrically dis- 
tributed in the plant. He demonstrated 
that if the tip of a seedling was cut off 
and replaced so that it covered only one 
side of the stump, greater growth oc- 
cuixed pn that side and marked curva- 
ture of ^ the plant resulted. This experi- 
ment ebnejusively proved the movement 


ol a giowlh-icgulalmg sulxslance from 
the Up ol the seedling to the lower parts, 
and it showed in addition that il one 
side ol the seedling icccivcs a higher 
concentialion ol this subsiaueo, tlien that 
side giows'inoie lapidly and the seed- 
ling bends in the opposite direction. 

The pioblcm now was to extract the 
unknown substance. Continuing the 
work at Uliechi, F. W. Went (now at 
the California Institute ol Technology) 
cut off the lips of several oat seedlings, 
placed them on a block ol agar, and tbeii 
placed the agar atop one side ol a de- 
capitated oat seedling. As in Paaks ex- 
periment, the seedling curved away 
Irom the block, showing that growLli 
liorniouc from the tips bad diffusod 
through the agar into the plant. Went 
foimd lhat the amount oi curvalure was 
proporUonal to tbe numbci of Ups used, 
which served as a rougli measure ol tbe 
concentration ol growth hormone in a 
block. This obsoivation gave rise to the 
Avena lest (named lor the genus of 
plants that embraces oats), which is still 
a standard method ol quantitatively as- 
saying for growth substances. The pres- 
ent Avena test uses agar blocks, but a 
more precise standard of measurement 
than plant tips. 

With a method of assay for growth- 
hoimone activity at hand, biochemists 
became interested in this field of re- 
search. They could now detei’mine the 
relative abundance of the hormone m 
various materials, and could lollow the 
activity of the hormone through extrac- 
tions, concentrations or other chemical 
treatment. If by means of the Avena test 
they could find some abundant, auxin- 
rich material, then a chemical isolation 
of the hormone would be possiblp^ 
Fritz Kogl and his gioup at the Univer- 
sity of Utrecht undertook that search. 
In the course of testing a great variety 
of substances, they found that human 
urine is rich in growth substance. They 
therefore obtained about 40 gallons of 
urine from a hospital and proceeded to 
concentrate the hormone activity by 
chemical treatments. They eventually 
obtained 40 milUgrams of crystals that 
had an activity 50,000 times as great as 
that of the original urine. This tiny pile 
of material, no larger in aggregate bulk 



Uuin d luiH-caiai diainoDcl, was so con- 
ceuU'caocl dull, dissolved and ddxUcd, it 
would liavc l)ccu suiricicnL to induce 10 
dct];iccs ol C'urvatuio in each ol two bil- 
lion oat sccdlinj»,s. Upon chemical analy- 
sis the active sulislance was found to bo 
a new coinpoimd, CislI-soO.-i. It was 
named auxenliiolic acid oi auxin a 
In the same yeai, 1934, u second 
active sulistaiice was isolated from corii- 
geim oil by a similar pioceduic oi ex- 
traction and concent! ation. This sub- 
stance, winch is ([iiitc similai to auxin 
a, has the foimula CisHn„On)* H was 
called aiixenolonic acid oi auxin b. And 
finally, in tlic com sc ol icpeatmg llio iso- 
lation bom ndne on a largei scale, the 
Kogl group isolated a ihiul giowth sub- 
stance, mdole-acetie acid, a compound 
which had been lamiliai to chemists ioi 
50 yeans, tbougli not until then lecog- 
nized as a growtli substance. 

T he problem lemained to detenmno 
winch ol the three was the natural 
growth hormone in plants. By a piocess 
of elimination depeucling on the moloc- 
ulai weight and (‘hcmislry of the active 
material, it was determined to lie auxin 
a, but moio recently indole-acyclic acid 
has also been isolated bom plants, hi 
any case, it was the diseovmy ol the 
growth-promoting activity ol I lie com- 
mon chemical mdol(j-ac‘etic acid ibaL 
made possible the vast n'seareli jirogram 
that iollowed. Not only indole-acetic 
acid itscll ])ut many ol its elost^ ehomical 
relatives, sueli as indole-projiionic acid 
and naphthalcnc’.-aeetic acid, vvxtc round 
to possess growth-promoting ac'tivity. 
Plant scientists were thus provided with 
an auay ol x'claUvely simple and easily 
available organic compounds to use in 
hirthei expcrimenla bon . 

Indole-acetic acid has become the 
standard by which die giovvtli-promoL- 
ing activity of a substance is measured in 
the Avena lost. The test is euiricxl out 
in the lollowing way: Seeds of a gen- 
etically piuc slvain of oats arc strijxjicd 
of their husks, arc germinated on filter 
papei moistened witli distilled water, 
and then arc grown in glass lioldcis. 
When the seedlings are about an inch 
high, the tips are removed, and the de- 
capitated plants are divided into two 
groups. On one side of the stumps ol one 
gioup are placed agar blocks containing 
known amounts of mdolc-acetic acid. 
On the other gioup are placed agar 
blocks of the same size and composition 
but containing the substance to be tested 
instead of mdole-acetic acid. After 90 
minutes of growth, all the seedlings are 
photographed and their curvatures are 
measured. By comjiaring the curvatine 
produced by the unknown substance 
with, that produced by indole-acetic 
acid, a quantitative estimate of the auxin 
activity of the unknown is obtained. 

After their identification, the next 
important discovery about the auxins 



EXPERIMENTAL ORGANISM used in many plant-hormone studies is the 
oat seedling, a vertical cross section of which is at left. The horizontal cross 
section is at lower right. At upper right (a) is the head of a }>air of scissors 
used to decapitate the seedling. Below it (b) is a jilant wounded in an early 
observation of hormone effects. In middle (c) is oat tip mounted on a razor 
blade for the phototropism experiment described in text of this article. 
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was that besides promoting the giowth 
of seedlings they also influence the de- 
velopment of plant form and stiiictuie. 
It had long been known that while the 
mam shoot of a plant is gi owing, its lat- 
eral buds are inhibited If, however, the 
bud at the apex is cut off, the lateial 
buds begin to develop It had been pos- 
tulated that an inhibiting substance dif- 
fuses fiom the growing bud to the tissue 
below it. With the advent of synthetic 
growth substances this theoiy was cor- 
loboiatecl. When the apical bud was 
removed fiom a shoot and a small quan- 
tity of indole-acetic acid was applied to 
the stump, the lateial buds did not de- 
velop, Thus mdole-acetic acid, which in 
other experiments had been observed 
to promote growth, was found to possess 
the powei to inhibit as well. 

A t about the same time it was demon- 
- strated that the auxins have root- 
foiming activity. This was another illus- 
ti'ation of the versatile way in which 
auxins affect growing plants. But it also 
had an immediate practical importance, 
foi expel iments performed on a gieat 
variety of plants showed that auxin ap- 
plications are generally beneficial in 
bringing about the rooting of cuttings. 
This process, known as vegetative propa- 
gation, is extremely useful to the horti- 
cultuiist, for by means of it a great many 
genetically identical plants may be made 
from a single individual, and a desired 
genetic pattern, as in a variety of apple, 
a seedless orange, or a rose of a new 
color, may be preserved from generation 
to generation. In practice the cutting 
is usually a twig with a few leaves on 
it, but sometimes leaves, pieces of stem 
or root, or even bulb scales may be used 
to start a new plant. Auxin-treated 


cuttings generally loot moie rapidly than 
imtieated ones, and the loots aio moic 
abundant and strongci Dipping cut- 
tings into auxin solutions or powdcis 
has become standaid horticultural piac- 
tice, and theie are on the maiket today 
dozens of preparations designed foi llie 
nuiseryman or home gaidenei. Inciden- 
tally, it has been discovered that this 
same ability to promote root giowth is 
possessed by the petroleum product 
etliylenc, which also has the pioperty ol 
acceleiatmg the lipening of liuit. Ethyl- 
ene is given ofl by ceiiain vane Lies of 
qiiick-ripcnmg apples, and if such apples 
aie put in an an tight contamei with 
gieen tomatoes the tomatoes have been 
observed to ripen faster. 

Another pioperty of auxins that has 
giown to economic importance is their 
ability, when applied to the flowers of 
certain species, particulaily the tomato, 
to initiate the development of hint with- 
out pollination. Because of the difficulty 
of obtaining satisfactory pollination in a 
greenhouse where there are few insects 
and little wind, greenhouse growers of 
tomatoes aie increasingly resorting to 
auxin treatments in the form of sprays or 
aeiosol mists to imju'ove fruit set. Fruits 
so induced are usually seedless; so be- 
sides inci easing yields, auxin treatments 
may make possible the development of 
new seedless varieties. 

In the laising ol pineapples there is 
also some difficulty m obtaining satis- 
factory fertilization and development of 
the fruit. But heie the pioblem is to ob- 
tain flowering of the plant at the proper 
time. The size to which the fruit devel- 
ops IS diiectly dependent on the number 
of leaves on the plant at the time of 
flowering. J. van Overbeek, working in 
Puerto Rico, found that the Cabezona 


vaiiety oi pineapple, which flowers pooi- 
ly when loll to ilsoll, can be made to 
flower at any time oi the year by a single 
applicaLion ol an auxin (naphthalene- 
acetic acid oi 2,^l-diclil( nop hcnioxy acetic 
acid). Wo theieloic have the mterc.stmg 
possibility ol pioducing uniform fiuits of 
a selected size by applying the auxin to 
each plant when it has the appropriate 
number of leaves. 

Although apples and pears need no 
such sLimulation to flower and (ruit 
abundantly, giowers of these fruits use 
huge amounts of auxins foi still another 
pin pose. One ol tlie main sources of loss 
to apple and pear crops lias bt‘cii prema- 
tiue diop From a lourtb to liall ol the 
entne ciop may be lost because the fruit 
falls hcioic iL lias matured or developed 
good colon Thus the giower must cither 
harvest befoie the best equality is at- 
tained or else iisk a heavy lall. It had 
been observed that auxin applications 
delayed the fall of the leaves in Coleus 
plants, a genus of mint. Auxin spiays 
wore theiefoie tried on apple tiecs to 
delay the fall ol the fruit. This treatment 
pioved highly successful, and now or- 
chardisLs can obtain reasonable assur- 
ance against loss to their apple and pea) 
ero]:)s by using any one of several spe 
cuilly prepared commercial auxin spiays. 

Still anotlier commercial application 
of auxins takes advantage of tlicn* 
growth-inhibiting ability. The methyl 
ester of naphtluilenc-acetic acid pi events 
the sprouting of potatoes in storage; llius 
the tubers will keep longer, even at warm 
iempciatui'es. Nurserymen have found 
the same compound useful in stoiing 
quick-sprouting plants such as rose- 
bushes. 

One of the more recent additions to 
the auxin family is 2,4-D (2,4-dichloro- 



pheiioxyacclic acid ) . This compound 
has icccivcd wide acclaim as a weed- 
killer, loi wlicii splayed on plants it 
kills the Inoad-leaved dicotyledons (the 
groat suliclass of seed plants that in- 
cludes most lieibs and shrubs), while 
spaiingthc grasses. Undei lavoiablo cii- 
cumstanccs, thcieloie, it can lie used to 
keep sugar-cane fields, coinQclds, golf 
courses oi lawns fice from most common 
weeds without lalionous hoeing or weed- 
ing Recent expenments indicate that in 
the plants aflected l:)y 2,4-D tlTcie is a 
temporal y sharp increase in lh(‘ late of 
metabolism. The sprayed plant is not 
only injured where the chemical comes 
in contact with it, but is stimulated to 
bum up its leseive food supply. As a 
consequence it starves to death. In 
smaller concoiiti aliens 2,4-13 cau also lie 
used loi most of the applications of 
auxins pievioirsly mentioned It cau even 
cure— by its lethal action in anothei area 
of the plant kingdom—llic Inngns infec- 
tion athlete’s loot, In fact, 2,4-D well 
illustrates the wide variety of responses 
that auxins can elicit from plants. 

T he gieat versatility of this hormone 
was grajihically descrilied in an ac- 
count of a senes ol cxpia'imenls by J, W. 
Islilehcll in the Yearbook of Agriculhirc 
1943-1947: 

“For instance, if only a sjieek, about 
one millionlh of an ounce, of 2,4-1) is put 
on one side of the slein of a bean seed- 
ling, the cells along the lioalod side 
grow faster than ihosc on the untreated 
side and the plant will lioud sharply in a 
direction away fiom the treated surface. 
If, however, about 2, ()()() Limes that 
amount of 2,4-D ( about as much of the 
powder as can be held on an eighth of 
an inch of the flat end of a toothpick) is 


mixed with a little lanolin and the mix- 
ture IS riihhed on a tender section of the 
stem, the plant responds diffeiently. 
Food materials within the plant aie 
moved from other parts of the stem, and 
possibly from some of the leaves, into the 
heated section, where many new cells 
aie loimed. The new cells finally become 
oigamzed and ananged so that they 
form new roots inside the stem. The 
young roots, called loot primoidia, later 
pusli then way to the outei surface of 
the stem, and if that part of the stem is 
covcicd with moist soil the pnmordia 
will grow out into it and function as 
ordinary loots do m supplying the plant 
with water and nuliients. 

“If, on the other hand, the above- 
ground parts ol the plant are sprayed or 
dusted with 2,4-D, the response is yet 
diflcrcnt, for leaf growth ceases, the rate 
oi lespiiiition of the plant is mci eased, 
and its reserve food mateiials are bioken 
down and subsequently burned up. As a 
icsull the plant generally dies one to 
tlirce weeks after treatment, oi the 
length of time icquired foi its reseive 
foocl mateiials to be depleted,” 

VVe can see now that while the activi- 
ties of plant hormones paiallcl those in 
animals up to a point, the parallel is not 
completes. The auxins seem to lie moie 
general and versatile in tlieir effects. 
Wliereas an animal hormone is likely to 
conlrol only a single piocess or reaction, 
an auxin may influence a plant m many 
chilereuL ways, at least so far as the 
physical cifects are observable, Some- 
times it stimulates growth; under other 
conditions it letards growth. Sometimes 
it induces a tumor. Sometimes it kills the 
entire plant. Such observations lead with 
increasing clarity to the conclusion that 
the auxins must influence some basic 


general cellulai piocess, and that the re- 
sult of this influence may be expressed 
in a variety of ways, depending on the 
nature and age of the tissue, on the 
availability of other interacting sub- 
stances, and on the external and internal 
conditions. 

M any mvestigatois have concerned 
themselves with determining how 
the influence is effected and what leac- 
tions are involved; for to understand the 
mechanism regulating the growth and 
development of plants would indeed be 
a step toward understanding life itself, 
Theoues have been proposed, of couise, 
but they are little more than guides for 
fuither research, since none is supported 
by a sufficient body ol facts and obseiva- 
tions to be accepted as an explanation. 
Because the auxins affect the giowth of 
plants in such small concentrations, it is 
widely believed that the auxins must 
play some lole m an enzyme system, 
either diiectly, for example as coen- 
zymes, Ol indirectly through chemical 
mediation. Although the identity of the 
enzyme involved m the lesponse to 
auxins has not yet been established, it is 
to be lioped that work now in progress 
will eventually yield the long-sought ex- 
planation. 

Meanwhile the chemical i evolution in 
agricultniG continues and the prospect 
of regulating the late and pattern of 
j'llanL growth by auxins gives promise 
of a new epoch of abundance through 
a hithcito imlioped-for control over 
nature, 


Victor Schocken is a re- 
search fellow at the Na- 
tional Cancer Institute. 



leaf grows out. In fourth and fifth an outer section is cut In seventh the agar block is mounted. In last drawing 
off, leaving leaf. In sixth the leaf is gently pulled loose. the hormone in block causes the seedling to bend. 
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Do they express the dreamer’s irrational strivings, 
as Freud contended? Not necessarily, says a modern 
analyst, suggesting a new interpretation of them 

by Erich Fromm 


S IGMUND FREUD’S theoiy of 
di earns was part of his theory of 
man. He assumed that man in the 
course of his giowth is forced to repiess 
evil sti'ivings— egocentncity, destiuctive- 
ness, irrationality— in order to adapt him- 
self to the lequirements of social life. He 
does so, said Freud, paitly by turning his 
asocial strivings into socially useful ones 
—a process which Freud interpietcd as 
either “sublimation” or “reaction torma- 
tion.” Successful “sublimation” is exem- 
plified by the surgeon who has turned 
his oiiginal sadistic strivings into a 
socially use ini activity. An example of 
successful “leaction lormation” is that ol 
a humanitarian who has developed gieat 
kindness in combatliiig his destructive 
potentialities. The best m man, accoid- 
mg to Freud, is looted m his worst. 

When we aie asleep, Freud reasoned, 
we leiax the effort that normally re- 
stiains the criminal we are at bottom. 
Our dream life is the refuge, as it weie, 
where we recover from the heavy bur- 
den of our culture and are free to satisfy 
repressed infantile sti*ivmgs. Yet even in 
sleep the inter nal censor’s attention is 
only relaxed, not entirely dismissed. To 
deceive him, we dieam in a kind of 
secret code. The real meaning of the 
dream can be undei stood only if the 
code is deciphered. This piocess ol de- 
ciphering IS what Freud called the inter- 
pretation of dreams 

Freuds theory of dreams shocked psy- 
chologists and was denounced by many 
as unscientific. Most of his followers have 
defended it fanatically, though some, ac- 
cepting Its heavy content of truth, came 
to consider it one-sided. Carl Gustav 
Jung, who became the leader of this 
group, tended increasingly to emphasize 
the “higher” aspects of dreams just as 
one-sidedly as Freud had emphasized 
the “lower.” "Where Freud had found in 
dreams only irrational infantile strivings, 
Jung saw only expressions of moral or 
religious experiences, which he inter- 
preted as outgrowtlis of racially inherited 
reliMous and metaphysical ideas. 

fl, a man saw in his dream a woman 
whbse features were unknown to him , 
assume that this woman 

' t ' ' 
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rcpicsentcd his mothei, that the infantile 
sexual attachment to the mother, rc- 
piessed m the conscious stale, was satis- 
fied in the dieam Freud argued that in 
the dieam she lemaincd unknown to the 
dreamei m order to fool the censor. Re- 
lating this longing for the mothei to the 
recent experiences of the dreamer, the 
analyst sought the hidden incestuous as- 
pects in the dreamer’s lelationship to a 
woman with whom he may recently have 
fallen m love Jung, on the olhei band, 
tended to mlcipret the unknown woman 
as the image of the “unconscioUvS,” and 
also us a syirihol of the feniiniue aspects 
m the male di earner s personality 

liad Jung been less concerned with 
cToatmg anotlicr school, and less fasci- 
nated by iiiational racialism, bis depar- 
ture fiom Freud’s dogmatism could have 
avoided the blind alley into which it ul- 
timately led. As mallei s stand, a con- 
structive revision of Freud’s theory of 
dreams must pick up the thread where 
it was left before Jung’s and other schools 
of psychoanalysis were formed. 

W E MAY begin with Aristotle’s defi- 
nition of dreams, quoted but not 
accepted by Freud. Dreams are expres- 
sions of any kind of mental activity un- 
dei the condition of sleep. The distinc- 
tive quality of dreams, then, is not a 
particulai uiea of experience— neither 
Freud’s “infantile wishes” nor Jung’s 
“true picture of the subjective state”— but 
the effect of the condition of sleep upon 
our mode of experiencing. 

Physiologically, sleep is a condition of 
chemical regeneration of the organism. 
Energy is restored while physical ac- 
tivity and even sensory perception are 
almost entirely discontinued. Sleep sus- 
pends the main function of waking life: 
reacting to reality by perception and 
action. This difference between the bio- 
logical functions of waking and of sleep- 
ing is, in fact, a difference between two 
states of existence In the waking state, 
thoughts or feelings respond primarily to 
challenge— the challenge of mastering 
our environment, changing it, defending 
ourselves against it. The primary task of 
waking man is survival; this means, es- 


sentially, that he must think in terms of 
time and space, and that his thoughts 
aic subject to the logical laws which arc 
necessary lor action. 

Diiiiug sleep the frame ol refoieuce 
changes radically. While wc sleep we aie 
not conceined with bending the outside 
woild to our purposes. We arc helpless— 
but wc are also free. We aie tree from 
the burden of work, from tbc task of at- 
tack Ol defense, Irom watching and mas- 
teiing reality. We live in an inner world 
concerned exclusively with ourselves 

III sleep the lealm of necessity has 
given way to the icalni ol hecKloin whore 
“1” am the only system to wliieli tlionghts 
and feelings refei. In a dream the giiel 
1 expciiencod 10 years ago may bo just 
as strong now, and 1 may hale a person 
on the other side of the globe as intensely 
as if he stood beside me. Sleep expe- 
rience need not pay attention to cpialities 
that aie impoitanl in coping with reality. 
If I feel, for instance, that a person is a 
cowaid, I may dream that he has 
changed into a chicken. This change is 
illogical in terms of my orientation to 
outside reality, but logical m terms ol 
what I feel about the person. Sleep expe- 
rience, therefore, is not lacking in logic, 
but IS subject to a special logic of its own, 
which IS eutiicly valid m that particular 
experiential state. 

Tbc “unconscious” is unconscious only 
in relation to the “normal” stale of ac- 
tivity. When we call it “unconscious,” we 
really say only that it is an experience 
alien to the frame of mind which exists 
while we act, it is then felt as a ghost- 
like, intiusive element, bard to get hold 
of and to leinember. But the day woild 
is as unconscious in our sleep experience 
as the night world is in our waking ex- 
perience. 

From what has been said so far it fol- 
lows that the concepts “conscious” and 
“unconscious” are to be understood rela- 
tive to the sleeping and waking stales 
respectively. As an old Chinese poet 
put it: “I dreamed that I am a butterfly, 
now I do not know, am I a man who 
(beamed he was a butterfly or am I a 
butterfly who di earns it is a man.” In the 
waking state of action tliose experiences 



which led ic\il in ihe chctiin aie “niicon- 
scions.” But when we iiic asleep and no 
longer ]^ieoecu[)ied willi action ])iU with 
sell-expciiencc, tlie waking experience is 
"nnconscious” and soiiictinics it is a hard 
sLiugglc to cliasc away die sleep woild 
and to convince oncsell ot the leality 
ot the waking woild 

It is tine that even in the waking state 
ol existence, thinking and feeling are not 
entirely snlijeet to the limitations ol time 
and space. Our cieativo imagination per- 
mits us to think about past and lutuie 
objects as il they were piesent, and ol 
distant objects as if they weie bdoie our 
eyes It coiikl theieioie be argued that 
the absence ol the space-time system is 
not chaiacteiisLic ol slei'p existence m 
contuuhstmetion to waking existence, 
but of thinking and leelmg in eontiadis- 
tmclion to acting. Heie it liccomcs neces- 
sary to clarily an essimtial point. 

We must distinguish lietween llie con- 
tents of thought processes and the logical 
categories cmploycKl in dunking. While 
it IS true that the contents of our waking 
thoughts are not subject to limitations of 
space and time, die logical categories of 
thinking aie those ol the space-time 
logic. I can, loi instance, think ol my 
latlier, and state that his attitude m a 
ceitain situation is identical with mine; 
this stalenumt is logit'ally coriecd. If I 
state, on the olher baud, '1 am my 
father,’' the stalonumt is 'dlogieal” lie- 
cause it is not eonci‘ived in releionco to 
the physical woild. The seiilence is logi- 
cal, liowcver, in a juirely ('xperiential 
realm; it expresses tlu' experience of in- 


tense closeness to my fathei. When I 
have a feeling in the waking state with 
icgaid to a peison whom I have not seen 
toi 2(1 years, I lemam awaie of the fact 
that the peison is not piesent. But if I 
dieam about the peison, my feeling deals 
with the peison as it he oi .she were 
piesent Even to say “as if he weie 
piesent” is to express the feeling in logi- 
cal wakmg-lile concepts In sleep exist- 
ence theie is no “as if”, the person is 
piesent. (It is tiue, howcvei, that sleep 
is not completely lice fiom action con- 
cepts, as piovcd by the fact that some- 
times we think in oiii dieam that what 
we dieam cannot leally be so ) 

The expel lenlial mode of thought oc- 
cuis in olhei foims ot dissociation be- 
sides di earns — 111 die hypnotic trance, in 
psychoses, in early mianlile experience, 
and possibly in pumitive drinking. And 
thcie IS, ol course, the state ot intense 
my.stical contemplation, wherein atten- 
tion IS withdrawn completely from the 
outside world as a potential field of ac- 
tion, and IS completely focused on self- 
expeiicuce although the person remains 
awake. The mystic, indeed, considers 
this state to be die highest awareness. 
The language employed in such a state 
ol contempladon follows die experiential 
logic of the dieam, not the action logic 
ol ‘normal” tliinking. 

Bo the sleep existence, it seems, is only 
die extreme case of a purely contempla- 
tive cxjiciience, whicli can also be c.stab- 
li.slied ])y a Avaking person ii he focuses 
on Ins hmer expciionco. Symliolic lan- 
guage employing experiential logic is 


one mode of human expiession— just as 
valid and rational as oui “noimal” logic, 
and different froin it only as to the sys- 
tems of lefeience. These systems, in turn, 
aie deternniied bv the total orientation 
oi the culture (Cultures in which the 
emphasis is on self-expeiience, such as 
those of the East, oi some “primitive” 
cultures where mastery ol nature is little 
developed, give great scope to this sym- 
bolic language In modem Western cul- 
ture, almost exclusively focused on activ- 
ity in the sense of mastery over natuie, 
the compichension of symbolic language 
has ati opined. Dieains aie lemnants ot a 
legitimate mode ot human expression, 
once well known, now looked upon as if 
they were undecipherable hieioglyphs 

I T IS the peculiarity ol dreams that in- 
ner experiences are expressed as if 
they were sen.soiy experiences, subjective 
slates as if they weie actions dealing with 
external lealiiy. This mtei change be- 
tween the two modes ol expeiience is the 
vciy essence ot symbols, and particularly 
ol the dicain symbol . While the body 
IS inactive and the senses shut down, the 
inner experience makes use of the dor- 
mant faculties of sensory reaction. 

A lorcclul illusliation of the dieam’s 
.symbolic language is the stoiy of Jonah. 
God coiximanded the prophet to help the 
people ol Nineveh to repent of Iheir sm 
and so to save them, But Jonah is a man 
ol stem justice rather than of mercy; he 
(leclines to Joel responsible ioi .sinners 
and attempts to escape Iroin his mission. 
Mci boards a ship. A storm comes up. 



SIGMUND FREUD, whose interpretation of dreams 
formed a keystone of his psychology, argued that they 
were symbolic expressions of man’s ^repressed impulses- 



Freud, thought that dreams were idealistic expressions 
of mankind's highest moral and religious experiences. 
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FAMOUS DREAM OF JOSEPH in the Bible is here to him in liis droain. FrciuFs iiitcrprcLation would he 
pictured in diawings which show the sheaves of grain that the dream expressed Joseph’s feeling of supeii- 

(left) and the sun, moon and stars making obeisance orily to his fatlier and hrolhers. But tlic cvcnls he 


Jonah goes into the hold of the ship and 
falls into a deep sleep. The sailois believe 
that God sent the storm because of Jonah 
and throw him into the sea. He is swal- 
lowed by a whale and stays inside the 
animal for several days. 

The central theme of this symbolic, 
dreamlike story is Jonah’s desire for com- 
plete seclusion and irresponsibility— a po- 
sition which at hist was meant to save 
him from his mission, but eventually is 
turned into an unbeaiable, prisonlike 
existence. The ship, the sleep, the ocean, 
the whale’s belly— all are different sym- 
bols of that one state of existence. They 
follow each other in time and space, but 
they stand for growing intensity of a 
feeling— the feeling of seclusion and pro- 
tection. Being inside the whale has 
brought tliis experience to such a final 
intensity that Jonah cannot stand it any 
longer; he turns to God again; he desires 
to be freed, to go on with his mission. 

S O far we have been concerned with 
the mode of expression and the par- 
ticular logic of dreams resulting from the 
peculiar condition of sleep. We must 
now turn to the question in what respect 
the state of sleep also determines the 
content of dreams. According to- Freud 
it does so in a specific way. Culture, in 
his view, suppresses our primitive— bad- 
instincts and the sublimation and reac- 
tion formation springing from this sup- 
pression are the very essence of civilized 
life. Quite logically, then, in his view, 
dreams must bring out our worst, since 
in our sleep we are free— though not 
entirely— from cultural pressure. 

There can be no doubt that many 
dreams express the fulfillment of irration- 
al, asocial and immoral wishes which we 
repress successfully during the wakmg 
state. When we are asleep and incapable 
pf action it becomes safe to indulge in 
hattuemato^ satisfaction of our lowest 


impulses. But the influence of cultuie 
IS by no means as one-sidedly beneficial 
as Freud assumed. We are olten moie 
intelligent, wiser and more moial in our 
sleep than in waking liie, The reason for 
this is the ambiguous character of our 
social leality. In mastering this reality 
we develop our laculties of observation, 
intelligence and reason; but we are also 
stultified by incessant propaganda, 
threats, ideologies and cultuial *'noisc’^ 
that paralyze some of our most piecious 
intellectual and moral functions. In fact, 
so much of what we think and feel is in 
response to these hypnotic infliiencos 
that one may well wonder to what extent 
our waking experience is “ours.” In sleep, 
no longer exposed to the noise of culture, 
we become awake to what we really feel 
and think. The genuine self can talk; it 
is often more intelligent and more decent 
than the pseudo self which seems to be 
“we” when we are awake. 

My conclusion, then, is that we may 
expect to find time insights and impor- 
tant value judgments expressed in our 
dreams, as well as immoral, irrational 
wishes. We may even find in them re- 
Hable predictions, based on a correct 
appreciation of the intensity and the 
direction of foices operating in ourselves 
and in others. Both Freud’s emphasis 
on the “low” and Jung’s emphasis on the 
“high” aspect of dream content are ^dog- 
matic restrictions. Only if it is recog- 
nized that dreams can express either side 
of a dreamer’s nature is the way cleared 
for a real understanding of them. 

The following examples illustrate the 
alternative interpretations that can he 
given to the same dream. The dreamer 
sees himself naked m the presence of 
strangers and feels ashamed but power- 
less to alter the painful situation. Freud 
said that this dream represented an in- 
fantile exhibitionistic impulse still alive 
in the adult. During sleep this impulse 


comes to the fore and finds its fulfillment 
in the dieam; the dreamer’s maluic per- 
sonality, not entirely silenced, reads 
with shame and fear Lo the vciy wishes 
ol bis infantile self. 

No doubt many nakedness dicams aie 
to lie so imdorsLood. But olhcis musL be 
inlerprcLed diirerently. Nakedness is not 
necessarily an expression of sexual exhi- 
bitionism; it can also symbolize the true 
self of a peison, free fiom pretense and 
make-believe. A person who dreams of 
himself as being naked m a well-dressed 
group may give symbolic expression to 
his wish to be honest, to be more him- 
self, not to be the conformist who wants 
to please everybody. And his embarrass- 
ment in the dream is the same embarrass- 
ment he would feel in waking, too, 
whenever lie tried to discard his de- 
pendence on other people’s opinions. 

According lo the orthodox Freudian 
mteiprctation, the nakedness dream’s es- 
sential impulse IS an infantile sexual de- 
sire; m the alternative intcrpi elation, it 
IS a rational wish, looted in the most 
matuie part of the dreamer’s peisonality. 
But if so, why should it be disguised in 
dream symbolism? Why should we le- 
press some of om' very best impulses^ 
The answer is that in our culture people 
are no less ashamed of then best sti'iv- 
ings than of their worst. Generosity is 
suspected as “foolish,” honesty as 
“naive,” integrity as “not practical.” 
While one tendency within our complex 
culture presents these qualities as vir- 
tues, another stigmatizes them as “ideal- 
istic dreams.” Consequently wishes 
motivated by such virtues often live an 
underground existence together with 
wishes rooted in our vices. To mistake 
rational wishes of the dreamer for ex- 
pressions of irrational strivings makes 
it impossible for him to recognize posi- 
tive goals which he has set himself. Yet 
to see in every dream an ideal or pro- 



dreamed of a<^rualiy eame Irue, and llie author suji;- 
gests that Joscpirs vision in sleep revealed true insight, 
picturing a real superiority that Joseph could not a<hnit 


in the conscious state for fear of social disapproval. 
Dreams, in the author’s opinion, may contain reliable 
predictions, based on a more accurate understan cling. 


found religious symbol is just as falla- 
cious. Whether a dieam is to he under- 
stood as an expression of the rational or 
the ii rational side in oiii selves can be 
detennined only l)y a lull investigation 
of the individual casci—liy knowing the 
dreamer's character, his associations 
with the dream elements, the problems 
he was concerned with before he fell 
asleep. 

The following dream is an example of 
unconscious insight and moial judg- 
ment: A man lius visited X, a widely 
known figure whose kindness and wis- 
dom arc praised by cvciyliody. He was 
pioperly impressed by the admirable 
man. The same night he dreams of X, 
who now has a cruel face and tries to 
swindle a pool old woman out of her 
last dollai. He rcmemhcis this dream the 
next day, is quite surprised, and won- 
ders why the dream picture of X differs 
so completely from the “rcaV picture of 
the day before. Suddenly he is struck by 
the recollection thal his insluK^Uve reac- 
tion to X had been one of intense antip- 
athy —but so fleeting had this first reac- 
tion been that he was not awaic of it at 
the time of the visit. Actually his antipa- 
tliy was his real insight into X’s charac- 
ter. It was silenced at once by the con- 
ventional picture of X: the ‘noise” had 
di owned the di earner’s real judgment, 
which awoke when he was asleep. 

If this dream were understood in 
Freud’s teims, the subject would accuse 
himself of unconscious hostility and, 
having discovered his own wickedness, 
would be all the more prone to accept 
the conventional picture of X. If, on the 
other hand, the interpreter assumed that 
dreams unerringly express the “real” 
judgment, the dreamer might accept his 
dream as evidence against X, and act 
accordingly, though it may indeed have 
expressed only the dreamer’s own hostil- 
ity. Which interpretation is correct can 


lie found only in an appraisal of the 
di earner’s total situation. 

One ol the best-known dreams of pie- 
diclion is Joseph’s dream, lepoited m the 
Billie. He dreamed that the sun, moon 
and stars weio making olicisancc to him. 
His ])rolliers, hearing of the dream, did 
not need the help of an export to under- 
stand that tlio dream expressed a feeling 
oi superiority over Ins parents and hroth- 
eivS. It certainly can be argued that tlie 
infantile rivalry with father and brothers 
was the root of the dieam (which would 
be Freud’s intcrpictation). But what 
Joseph saw in the dream later came true; 
the dieam indeed predicted future 
events. And Joseph was able to make 
such a prediction because he sensed his 
exceptional gifts, which made him ac- 
tually superior to the other members of 
his family; but the conceited character 
of such insight made it impossible for 
him to be aware of his superiority-ex- 
ccpl under the condition of sleep. 

W HEN we dream we speak a lan- 
guage which IS also employed in 
some of the most significant documents 
ol culture: in mytlis, in fairy tales and 
art, recently in novels like Franz Kafka’s 
This language is the only universal lan- 
guage common to all races and all times. 
It is the same language in the oldest 
myths as in the dreams every one of us 
has today. Moreover, it is a language 
which often expresses inner experiences, 
wishes, fears, judgments and insights 
with much greater precision and fullness 
than our ordinary language is capable 
of. Yet symbolic language is a forgotten 
language, considered by most as non- 
sensical or unimportant. This ignorance 
not only prevents us from understanding 
the wisdom expressed in myths but also 
from being in touch with d significant 
part of ourselves. “Dreams which are not 
understood are like letters which are not 


opened,” says the Talmud, and this state- 
ment IS undeniably tiue. 

Why, then, do we not teach the under- 
standing of this forgotten language as 
a subject in the curriculum of higher 
education? 

True, there are di earns so difficult and 
complicated thal it lequiies a psycholo- 
gist ol great knowledge and technical 
skill to understand them; and sometimes 
even the expert will fail. But is tliis so 
different fiom the study of languages, 
of mathematics, of physics? Liberal edu- 
cation, in general, only lays the founda- 
tions for more specialized skills which 
the student later develops for himself. 
The analogy between teaching dream 
interpretation and teaching languages is 
particularly close, not only because 
dream language is a sort of “foreign lan- 
guage” but also because the results of 
teaching are similar. No student suc- 
ceeds in mastering a foreign language 
without specialized study; but even an 
average undergraduate is capable of un- 
derstanding syntax and grammar. 

For a number of years I have been 
teaching dream interpretation not only 
to graduate students of psychoanalysis 
but also to undergraduates at Benning- 
ton College. The results, at least to my 
satisfaction, compare with the results of 
teaching any other subject matter to the 
same group of students. Remarkable 
achievements have been raie in this as 
in any other field; the minimum achieve- 
ments have not been lower. The aim is 
to help the student to understand an un- 
known language in which he expresses 
important aspects of his own personality, 
and also to understand a mode of expres- 
sion in which mankind has expressed 
some of its most significant ideas. 


Erick Fromm is author of 
the books Man for Himself 
and Escape from Freedom. 


47 
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iving He cords 

of the Ice Age 

The missing snakes of Ireland, the peal of the English 
Channel and the fishes of Great Salt Lake are among the 
biogeographer’s clues to the events of the Pleistocene 

by Edward S. Deevey, Jr. 


W HY aie there no snakes in Ire- 
land? Popular legend says that 
St. Patiick diove them out. Sci- 
ence has a less lomanlic answer, but the 
popular one is not devoid of scientific 
significance, for whoever thought ol it 
fiist must have recognized a real prob- 
lem. That is, he must have realized that 
snakes ought to occur in Ii eland, and 
concluded that they once did. There arc 
no land snakes in Hawaii either, but I 
doubt that Hawaiian folklore has found 
it necessary to invent a story to account 
for the fact. On an oceanic island, sepa- 
rated from the nearest land by thou- 
sands of miles of deep watei, one does 
not expect to find certain kinds of con- 
tinental animals. But Ii eland stands 
in lelatively shallow water and must 
once have been part of the Continent. 
It belongs to Europe, though no longer 
to the British Empire. 

Great Britain, which is just as much 
an island as Ireland, has at least three 
kinds of native snakes. Moreover, Iie- 
land does not entiiely lack reptiles and 
amphibians; its inhabitants include a 
species of salamandei, two tailless 
amphibians and a lizard, all of which also 
hve in Great Britain. Clearly, if someone 
did not chase the snakes from the Quid 
Sod, some other sort of special explana- 
tion is called for. 

This kind of question has an endless 
fascination for biologists. Usually it can 
be answered, if it is answerable at all, 
only by appeal to the geologist, who may 
explain the distribution of animals in 
terms of tlie rise and fall of seas and land 
masses, the invasion of glaciers, changes 
of climate, and so on. The present range 
of a plant or animal species is the prod- 
uct of past as well as present geographic 
conditions, avenues of dispersal may 
once have existed where there are bar- 
riers now and vice versa, and the geol- 
ogist will know about past conditibns if 
^yone does. I shall be concerned to 


show, however, that chcumstances aie 
sometimes reveised, and the biogeogra- 
pher, dealing with the existing distnliu- 
tion of animals and plants, is able Lo aid 
ihc geologist. 

The absence of snakes, and ol many 
other animals tliat might bo oxjioctod to 
live m h eland, is a direct outcome of 
the Pleistocene geography of the Brilisli 
IslOvS, The matter has been summarized 
by Hallam Movius of Harvard Univer- 
sity, who, interestingly enough, is not a 
geologist but a student of paleolithic 
archaeology. As a member of the Har- 
vard Irish Suivey, sometimes known as 
^'Harvard s investigation of the origins 
of the Boston police,” he had good rea- 
son to attempt a synthesis of the prob- 
lems of Britain during the Pleistocene. 

Of the four major glacial ages into 
which the Pleistocene epoch is divided, 
we are sure that the latest, dm mg its 
earliest part, saw all of Ireland and 
neaily all of Britain blanketed by ice. 
This glacial advance was followed by 
reti-eut and a time of genial climate. 
How far back tow aid Scotland the ice 
withdrew is not certainlv known, but 
lime and holly grew at Khmington in 
Y’orkshue during the inteival, and Aurig- 
nacian man, famous for his paintings m 
the caves of southern France, was able 
to push nortli as far as Yorkshire. After 
this compaiatively warm episode the ice 
sheets advanced again as far as the Eng- 
lish Midlands, Wales, and in Ireland as 
far as Tipperary. 

Whether any of the animals and 
plants now found in Britain have lived 
there continuously since the last inter- 
glacial age IS uncertain. It seems doubt- 
ful that more than a few of the har- 
diest— those now living in the highest 
parts of Ireland and Scotland— could 
have survived through the last glaciation. 
At any rate, the great majority of the 
present flora and fauna must have im- 
migrated more recendy , At the climax of 


the last glacial age England and Ireland 
were joined to the Eiuopcan Continent. 
This came about bccLiusc so large a Irac- 
tioii ol the EaitlYs supply of water was 
liozcn and piled on the land in the ice 
sheets of Europe and Noilh America 
that llic sea level was lowered, probalily 
by about 800 loot. But at this glacial 
tunc llie British Isles would scaicely 
have olfered a desirable goal for the iin- 
migiation of aninuils from Euiope. 

T he postglacial arrival of the seas at 
their piescnt level was the result ol 
two indopondcnl and paitly opposed 
processes: the rcstoiation of water Lo the 
oceans, and the recovery of the Earth’s 
crust fiom its ciushing load ol ice. The 
latter, of course, was confined to the 
glaciated regions, while the former was 
world- wide in its effects. To a consider- 
able extent the clarification ol tins com- 
plex history in Britain has depended on a 
Lime scale devised by biologists. This 
IS the chronology based on analysis ol 
ancient deposits of pollen {see chart on 
opposite page). It enables the British 
geographers to say that though the 
land is still rebounding, the sea itself 
had nearly finished its rise by the end 
of the Boreal phase of postglacial time. 
This was an episode of warm and 
compaiatively diy climate in western 
Europe, when Middle Stone Age man 
was adapting his hunting culture to the 
first postglacial foiests. In early Boreal 
time man and many animals and plants 
were able to cioss dry-shod from France 
into England. By the end of the phase 
or shortly thereafter the sea had risen 
about 150 feet, and the Enghsh Ghan- 
nel had come into existence. 

It is only by the grace of a remarkable 
geological accident that this sequence of 
events has been determined. From the 
Dogger Bank and other places in the 
North Sea, down to a depth of 162 feet, 
there have been di*edged up deposits of 
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CLIMATIC CHRONOLOCy of casicm Noiih America may lie determined 
]jy boring into the liolloni of lakes. The pollen from ihc plants of caeli period 
lies in a layer. The species of plants may lie identified by the pollen. The 
climate of the period is then inferied from the plants that lived in it. 


peat. Now peat is a hcsh-watci deposit, 
a fact which is confirmed in this instance 
liy finding fossils of beetles in it. The 
peat cannot have l)een picked up lioni 
the land and rcdepositcd by the waves 
ol the Noi Ih Sea, fm tliorc is too inucli of 
it, and it is too cohenmU being in all 
respects like peat from swamps. It must 
lie on un old laud surface. By tlie depth 
of the salt water over it wo can measure 
llie di owning, and the pollen that it con- 
tains establishes its age as Boi eal. 

The luck of the Irisli geologists has 
not been so gieat. The bottom ot ihc 
Irish Sea has apparently been much 
modified by marine erosion since its 
foimation, and it offers no means for a 
geological determination of how long 
Ii eland remained joined to England. The 
most one can say is that, as the water 
IS deeper thcic than m the English Chan- 
nel, it looks as though Ireland was sev- 
ered Irom England bcfoie England was 
sepaiatecl from the mainland. 

This is just wliat biogeogiaj-ihcrs have 
maintained. The land animals ol Ii eland 
aie laixly typical of an island that 
foiineily was in diiect communication 
with a neighboring continent. The island 
possesses a rich fauna, containing many 
animals, such as tlie frog, the salaman- 
dei, the hedgehog, the pygmy sinew 
and the stoat, that seem to have lequired 
a land connection J or their immigration. 
If only a few of these were present, one 
might put their occuirence down as a 
rare and unexpected instance of dis- 
persal over water. But the Irish list is too 
balanced and I'eprescntative to have 
been the result of a senes of such casual 
migrations 

Yet when comparison is made with 
England, we see that the species miss- 
ing from Ireland are as suggestive as 
those that are present, Ii*eland lacks the 
common English meadow mouse, or any 
other member of the vole subfamily of 


lodents St. Palriclds curious prejudice 
seems also to have extended to the 
brown haic, the common shrew, the mole 
and the weasel, not to mention the 
dormouse and the yellow-necked field 
mouse. Perhaps because ol the absence 
of competition with these common Euro- 
pean and English types, ccitam Irish 
species have undeigonc considerable 
ovululion in their pioiid Hiheunan iso- 
lation, and they are now distinct from 
I heir representatives and presumed an- 
cestors m Euiopc. Examples are the 
Irish haie and the Iiish stoat. 

These (acts can mean only one thing' 
that a few early postglacial immigrants 
from Europe managed to leach Ireland 
over the land bridge via Great Britain, 
only to be cut off by the postglacial rise 
ol sea level. England and Scotland, 
which maintained direct connection with 
the Continent longer, received later 
waves of invasion l^y land animals. 

The same type of pioblem as that of 
Britain and Ireland has been studied by 
biogcogiaphic methods on the other 
side ol the world, in the Philippines. 
The three islands of Negros, Panay, and 
Masbate, collectively 'called Visaya by 
Philippine biogeographers, stand to- 
gether on a submerged shelf less than 
160 feet deep, A lowering of sea level by 
that amount would make them all one 
island. They are separated from the neai- 
by island of Cebu by a strait 320 feet 
deep . Thei e ai e 32 kinds of nonmigratory 
Inrcls restricted to Visaya, and 12 dif- 
ferent kinds to Cebu. It does not smpnse 
ornithologists to find birds so sedentaiy 
that they do not fly from one island to 
another. The significant fact is that the 
32 endemic subspecies are common to 
the three islands joined together by the 
160-foot depth contour, yet are lacking 
fiom nearby Cebu. Evidently the last 
glacial lowering of sea level was snfll- 
cient to permit free migration by land 
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PLEISTOCENE MAP shows that Ireland and England were sci>arated from 
each other at a lime when England was still joined to the Contincnl. Pleisto- 
cene coastline is in black; present coastline is in white. The snakes that mi- 
grated from the Continent prcsninal)ly could get no farther than England. 



PRESENT DISTRIBUTION of the waterbug Corixa is indicated by black 
areas, in Europe,, Africa and Asia Minor, Islands of Corixa in Africa have 
been interpreted by the Y^e University zoologist G. Evelyn Hutchinson as 
remnants of pluvial period when Sahara was easier for the species to cross* 


birds among the three islands of Visaya, 
but not great enough for interchange 
with the bird populations of Cebu, In 
other words, the lowering of the level 
was more than 160 feet but less than 
320 feet. Most estimates of the world- 
wide fall of the sea level in the last 
glacial age range fiom 230 to 335 feet, 
so the agreement is encouragingly close. 

A nother diamatic study of Pleisto- 
- cene geography has been based on 
the distribution of fiesh- water fishes in 
the Great Basin of the western U.S. 
This subject has been investigated most 
recently by Curl L. Hubbs of the Scripps 
Institution of Oceanogiaphy and Robert 
R. Miller of the University of Michigan. 
Heie the problem is not one of changes 
of land and sea but oi cycles of rainy, 
or “pluvial,'" climate. The deserts of the 
world, including the middle-latitude 
deseils of Noith and South America, 
Asia, and North and South Africa, ex- 
perienced pluvial climates duiing glacial 
ages of the Pleistocene. The deserts 
literally blossomed like the rose. Great 
lakes were formed, fed by many rivers. 
The Great Salt Lake, to name an exam- 
ple, is a pitiful remnant of its pluvial 
ancestor, Lake Bonneville. 

To stand amid sagebrush and saltbush 
on the floor of a Pleistocene lake, with 
its ancient shore lines clearly visible on 
the sill rounding mountains, is a stirring 
experience for a geologist. It is oven 
moie exciting foi a biologist, m the same 
circumstances, to see at his feel a tiny 
water hole— a spring oi perhaps a frag- 
ment of a stream that flows only during 
infrequent lainstorms— and to realize 
that fishes in the watei aie the last sur- 
vivors of a Pleistocene fauna. 

Geographic isolation is a powerful fac- 
tor in the formation of species. If the iso- 
lation IS of long standing, evolutionary 
divergence proceeds so far that the dis- 
tribution of existing species becomes a 
puzzle to the geographer. But where 
the isolation is the result of geographic 
changes since the last pluvial age, the 
finding of fishes of the same species in 
separate basins in a region demonstrates 
that the waters were once connected. In 
the western Nevada of Pleistocene times 
there was a large body of water, pluvial 
Lake Lahontan. Its only appreciable 
modern descendant is Pyramid Lake, but 
theie are many dry or nearly dry basins 
in the area, such as Big Washoe Lake 
and Carson Sink, that weie formerly 
either part of Lake Lahontan or held 
lakes tributary to it. Some of these hasms 
still have fishes m streams and springs, 
and they invariably belong to the Lahon- 
tan fauna, as we can reconstruct it from 
the present species of Pyramid Lake and 
Lake Tahoe. 

Sometimes the fish distribution pomts 
conclusively to the former connection of 
waters where the physiographic evi- 
dence is inadequate. More often, per- 



haps, the biologist is merely able to 
confirm the conclusions of the geologist. 
Physiographic data are more critical 
than biogeographic, and it would be idle 
to deny it. But when geologists showed 
that Pyramid Lake is too fresh to have 
existed m its piesent basin longer than 
about 4,000 years, and claimed that it 
must have dried up during an and post- 
pluvial ej^isode that ended about that 
long ago, biologists were quick to point 
out that this conclusion is incompatible 
with the existence ol well-defined en- 
demic fishes (a salmon and a sucker) in 
Pyramid Lake. These can only be La- 
hontan types, and therelorc date back 
at least to the last pluvial age, 15,000 
years or more ago. Thcic must be some 
explanation other than youth foi the con- 
tinuing freshness ol the lake. For in- 
stance, it might once have had an 
outlet that caiiied ofl the salts delivered 
by rivers, and most ot the salts deliv- 
ered m the past 15,000 years or so since 
the lake was isolated could have been de- 
posited elsewhere by evaporation. And 
the geologists, reconsidering, admitted 
that such could have been the case, 
and that the Black Rock Desert, to the 
north, evidently received and then con- 
centrated the overflow. 

In Africa, biogcography suggests that 
the Saliaia and other great deserts also 
had a ramy Pleistocene history. Some 
geologists deny that pluvial ages existed 
in equatoiial Africa, bnt it is clear horn 
the biologic data that a groat deal of 
migration of animals and plants requir- 
ing a moist, tempeiate climate took place 
across regions that aie deserts today, and 
this can only mean that the deserts had 
pluvial episodes. The evidence of the 
leakage of such species acioss the now 
and regions is especially clear in the 
present distribution of aquatic animals 
and plants. The waterbug genus Conxa, 
which IS an inhabitant of temperate 
Europe, has an outlying station in Lake 
Naivasha in the eastern Rift Valley of 
East Afiica. In French Guinea on the 
West Afiican coast lives a salamander 
that appaxently migrated from Europe, 
It IS the only salamander below the 
Tropic of Cancer in the Old World The 
range of some species of birds, now 
divided between Abyssinia and the 
mountains of East Africa, shows that 
there was once a wider distribution of 
forests on the African plateau. 

Though biogeography has its tri- 
umphs, it also has its failures. A method 
that places so high a premium on scien- 
tific imagination is peculiarly liable to 
error. In general, the farther back in 
geologic time a biogeographic theory 
is pushed, the more likely it is to be false. 
Some restorations of past geography, 
notably certain land bridges erected on 
insufficient evidence, have turned out to 
be monumentally wrong. Even in Pleis- 
tocene biogeography, where we deal 
with events that occurred only yester- 


day, geologically speaking, it is exceed- 
ingly easy to be mistaken. 

One of the most famous theoiies 
ei ected on biologic evidence is the nuna- 
tak hypothesis, pioposed in 1925 by 
Meirilt L. Fernald of Harvard Univer- 
sity. In the mountains of the Gaspe 
Peninsula, Newfoundland and Labra- 
dor, the higher peaks, in the opinion of 
some geologists, projected above the ice 
during the ice age, as some do in Green- 
land and Antarctica today. The Eskimo 
woid nunatak is used for such bare 
peaks. Fernald argued that many plants 
now found in eastern North America are 
older than the last glacial age, and that 
they survived the glaciation by taking 
lofuge on nunalaks. There is no doubt 
that certain plants could have done so, 
for they have been collected on modern 
nunataks m Greenland. But irises and 
lady’s-slippeis do not belong on such a 
list, and in applying his theoiy ol glacial 
survival to warmth-loving types Fernald 
seems to have proved too much. 

The basis of his argument was the 
occuirence, in the highlands around the 
Gulf of St. Lawience, of many plants of 
peculiar distribution. Some of them, con- 
fined to patches a few acres in extent, 
have their only close relatives in the 
mountains of the West. In other cases 
even tlie same species is found in tlie 
Rocky Mountains and in Eastern colo- 
nies 2,000 miles away. Because the dis- 
tance of these colonies from the main 
range in the Rockies is so great, and be- 
cause so many of these plants have pro- 
duced new varieties and species, their 
Eastern isolation implies an origin at 
least as old as the last glacial age. Since 
many of them aie narrowly localized and 
evidently incapable of spreading, Fer- 
nald thought it impossible that they 
could have reached their present locali- 
ties by migration from the Rockies in the 
relatively short space of postglacial time. 
But so many plants have this sort of dis- 
tribution that Fernald's hypothesis cast 
doubt on the view that eastern North 
America was extensively glaciated. 

Geologists who have re-examined the 
region with the nunatak hypothesis in 
mind have concluded that their prede- 
cessors relied too heavily on negative 
evidence in supposing that mountain 
peaks were left uncovered by the ice 
sheet. The frost action characteristic of 
mountain climates tends to destroy the 
indications of former glaciation that are 
customarily looked for. Striae are soft- 
ened or obliterated, glacially modeled 
bedrock is blanketed by rubble, and it is 
difficult to distinguish glacial till from 
the bouldery material carried by mud- 
flows. Occurrence of foreign stones in 
such a deposit is decisive evidence of an 
overriding ice sheet, hut this is the sort 
of evidence that was usually missed by 
early geologic reconnaissance. Such 
boulders were found on the second try. 
Since we know now that active ice 


moved over the tops of some of the sup- 
posed nunataks, fhe plants must have 
had an uncomfortable time. 

A S one of the skeptical geologists has 
- remarked, it seems easier for a plant 
to reach the top of a mountain in post- 
glacial time than for a foreign boulder 
to do so. The biogeographic evidence, in 
other words, cannot be conclusive. If 
there were nunataks projecting above 
the Pleistocene ice, a few of the haidiest 
species presumably lived on them, 
though not exclusively there. It is 
gi anted that some of the St. Lawrence 
plants may antedate the last glacial age, 
but so, obviously, do most other plants 
that were pushed south by an ice sheet 
and returned on its letieat. The present 
flora of the St. Lawrence region must 
have survived the latest glaciation in 
refuges south of the ice, and subse- 
quently migrated north to its present 
position. The naiiowly locahzed distri- 
bution of many species is not a proof of 
old age, for in some cases it is the re- 
sult of a pieference for a paiticular type 
of soil, while in others it is a sign of 
youth. The sepaiation of the eastern and 
western populations is most simply ex- 
plained by the hypodiesis tliat the 
formerly continuous lange of the plants 
was broken by glaciation of the conti- 
nental inteiior. 

Many bio geographers have made the 
mistake of underestimating the post- 
glacial and modern poweis of dispersal 
of organisms. But the faii-mindecl geolo- 
gist will not reject all biogeographic 
data on that account. For the solution of 
certain types of problems, especially the 
restoration of Pleistocene land connec- 
tions and stream connections, the strictly 
geologic data are likely to be inadequate, 
and the present distribution of animals 
and plants can be extremely helpful. Of 
course, one wo'dd always prefer that the 
deductions from the existing distribution 
be documented by the distribution of 
fossils in a clear stratigraphic context. 
Yet such documentation is all too rare, 
and we have to work with the evidence 
we have. 

The geologist can remind himself that 
geology itself is a field of historical in- 
quiry, where recourse to experiment is 
impossible; therefore it must advance 
over a spidery network of hypotheses, 
few of which can be tested immediately. 
And in all such inquiry there is a human 
tendency to disparage someone else's 
legitimate hypothesis. To put it in the 
form of a Bertrand Russell conjugation, 
“I have scientific insight; you are carried 
away by your imagination; he indulges 
in irresponsible speculation.”* 


Edward S. Deevey^ 
Jr,, is assistant 'pro- 
fessor of biology 
at Yale University. 
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THE ATHABASKA 
TAR SANDS 

They hold one of the world’s great collections 
of oil. The studies of a practical process for 
extracting it are making encouraging progress 



by Karl A. Clark 


HOT WATER PROCESS now 

under test in Bitimiount pilot plant 


A LONG the Athabaska Rivei in the 
Canadian Northwest, the cliffs 
that front the river are seamed for 
mile upon mile with thick deposits of 
black sands. These sands have been a 
taunt to North Americans foi genera- 
tions. They are the famous Athabaska 
‘Tar sands”— an immense bed of bitumi- 
nous sand which holds one of the world's 
greatest accumulations of petroleum. 
The formations visible outcrops alone 
cover an area of 1,000 square miles. In 
its total extent it is estimated to underlie 
30,000 square miles of the region. Sam- 
ples of its rich black sands contam 
from 12 to 17 pei cent of oil by weight, 
and the deposits range up to 200 feet in 
thickness. Assuming conservatively that 
the sand formation as a whole averages 
50 feet and bears 12 per cent of oil, a 
little arithmetic shows that its total oil 
content must be reckoned in tens of bil- 
lions of ban*els. 

This oil cannot be won by the ortho- 
dox method of drilling wells and letting 
it flow. There is no gas pressure to drive 
the oil to wells, and m any case the oil 
IS too heavy and viscous, at the tempera- 
tures prevailing in the formation, to be 
driven out by that method. Yet it lies 
ready to hand— a standing invitation to 
engineering ingenuity. The sand is so 
close to the surface that it cair be ex- 
cavated by power shovels in huge quair- 
tities. And the extraction of tire oil fiom 
the sand presents no unsolvable prob- 
lems. 

The time has arrived when this great 
reservou: of oil must be regarded as of 
real, practical importance. Until recently 
it was considered an impressive but 
valueless natural phenomenon in a hope- 
lessly remote area. There was plenty of 
accessible oil elsewhere. But times have 
been changing fast. The Athabaska 
country of Alberta is no longer remote or 
inaccessible. North American supplies of 
petroleum are not as ample as they were, 
and the demand, for them keeps grow- 


ing. The North American oil industiy has 
reached out into South Ameiica and the 
Middle East lor oil to meet its lequire- 
ments. This situation would be satisfac- 
toiy in a settled, peaceful world, but 
undei the picsent unceitainty the dan- 
gei of dependence on overseas sources 
in the event of war causes apprehension. 

While much atleiiLion and money 
have been applied to studies of the pro- 
duction of oil fiom .shale, natural gas and 
coal, the bituminous sands of Albeita are 
piobably the most readily available sec- 
ondary souice of oil that the continent 
possesses During the war a hurried sur- 
vey was made to determine whethei 
enough was known about the extraction 
of oil from the sands to justify building 
a large-scale installation. It was found 
that while general methods were clear 
enough, practical details about plant de- 
sign and operation were lacking. In view 
of the growing difflculty in meeting de- 
mands for oil, it is cleaily advisable to 
learn how to build practical exti action 
plants and to And out what oil produced 
in them will cost. However this study 
may turn out— whether it shows that pro- 
duction of oil fiom the sands would be 
profitable now or should be deferred 
until there is greater need for it— it is im- 
portant to determine the actual possi- 
bilities of the bituminous sands. 

The Athabaska deposit is a huge allu- 
vium of unconsolidated sand that was 
laid down on a delta of the geologic 
past. The sti’ata are lens-shaped and 
irregular. Beds of silt and clay are scat- 
tered through the sand beds, and the 
sand beds themselves have a vaiiable 
content of clay. Oil, finding its way into 
this deposit, soaked the sand but failed 
to penetrate the clay. Unlike deep oil 
formations that are buried under rock 
and high pressure, the deposit is rela- 
tively cold— about 36 degrees Fahren- 
heit. It IS an oil reservoir that has been 
brought to the surface by erosion and 
now hes under a few feet to a few hun- 


dred feet of sandy and clayey over- 
burden. Large sections of it have been 
laid bare by the Athabaska River, which 
cut a channel through the heart of the 
foi Illation. 

The oil in these sands is a veiy heavy, 
asphaltic crude with a high content (five 
pei cent) of sulfui. Its A.P.L (American 
Petroleum Institute) gravity latmg is 10, 
compared with 35 to 40 lor good guides 
of Mid-Coiitineiit ciude. Oi dinary frac- 
tional distillation of the oil yields a few 
per cent of gasoline and some light to 
heavy fuel oils; about 60 per cent of 
the crude is left as an asphalt residue 
But the crude is very susceptible to 
Clacking. While it is not the kind of 
crude that a refinery prefers, iL piesents 
no problems that the refining industry 
does not know how to handle The value 
of the Athabaska oil, howevei, is not in 
its quality but in its vast quantity. 

T he stoiy of these bituminous sands 
commenced when the first white fur 
traders found their way over the Indian 
canoe loutes into the Athabaska and 
Mackenzie iiver system. The sands re- 
quired no discovering There they were, 
flaunting then gieat extent and poten- 
tial value m cutbanks 100 to 200 feet 
high for 60 miles along the AthabavSka. 
In due time membeis of the Geological 
Survey of Canada traveled the canoe 
routes doing the groundwork of the 
geology of the region. They were gieatly 
impressed by the bituminous sands, pon- 
dered about the origin of such a colossal 
accumulation of mineral oil, and specu- 
lated on how the huge resource might 
eventually be utiHzed. 

In 1922 a railway to the Athabaska 
River was completed. Then came the 
discovery of an oil field near Fort Nor- 
man on the Mackenzie River, of gold on 
Lake Athabaska and later at Yellow- 
knife on Great Slave Lake, and finally 
of uranium at the now famous Eldorado 
mine on Great Bear Lake. The airplane 




made these mincial finds possible and 
has been used extensively in their devel- 
opment, During World Wai II lacihties 
lor transpoilation by water and by an 
into the North were expanded in con- 
nection with the Canol oil pipeline 
project, and these lacihties have been 
Imther developed since the wai to serve 
the rapidly developing mining camps 
centered on Ycllowknirc, Now ihe Alha- 
baska and Mackenzie valleys are covered 
l)y an air transport system supplemented 
by railioad and by innumciablo powei- 
boats and barges j'llying the rivers and 
lakes. 

Amid all this activity the biUimmous- 
sand deposit remains viitually un- 
touched. The seamed clihs on the Atha- 
baska ciuTy a smirk on their laces, and 
no one who visits the Northland can 
miss its meaning. It says plainly: 'Ton 
are doing big things with everything else 
m this North country, but I have still 
got you beat. When are you going to do 
something about it^'" 

The Geological Siuvcy ol Canada 
first look up the challenge in 1897-8. 
Hoping to find flowing oil at deeper 
levels, its geologists drilled into the 
lormation at Pelican Rapids. At 740 feet 
they found rock-covered bituminous 
sands which contained gas under high 
pressure, hut the oil was too heavy to 
flow In 1913 the engineei S. C. Ells, 
whose name and work are now insepa- 
rably associated with the Athaba.ska 
sands, was assigned to the study. Pie 
ma2:)pcd the entire area and located 
all the bituminous-sand exposiues. PIis 
maps are the basis for all present de- 
tailed work Ells also gave particular 
study to the utilization of bituminous 
sand as a paving material. 

Soon after the railway to the Atha- 
baska area was completed m 1922, the 
Research Council of Alberta began to 
investigate the problem of separating oil 
from the sands. In 1930 it built a small 
separation plant on the Clearwater Riv- 


ci, a tributaiy ol the Atbabaska. The 
Intel national Bitumen Company, whicli 
])ad a lease down tlic Atbabaska at Bitii- 
mount, soon followed suit. A thiid pilot 
plant was built neai McMuiray, at tlie 
junction ol the Atbabaska and the Horse 
Rivei, by Abasand Oils Limited, which 
was headed by the well-known pelio- 
Icnm geologist Max W. Ball, later Di- 
rector of the Oil and Gas Division in the 
U S. Department ol the Interior. 

Beg] lining m 1942 these pioneering 
studies were supplemented by the Cana- 
dian Government, which began dulling 
operations to locale and prove large 
bodies of high-grade bituminous sand 
and took ovci the Abasand plant to study 
extraction processes. Unhappily the 
plant was destroyed by fire. The Gov- 
ernment ol Albeita theieupon entered 
the picture. At Bitumount, where the 
International Bitumen Company and a 
success 01 company had been unable to 
cairy out their plans, it has built a sepa- 
ration plant which will be in operation 
this spimg. 

There are three geneial methods by 
which oil can be separated from bi- 
tuminous sand. One is destructive dis- 
tillation, which involves heating the sand 
in a retort to evaporate the oil The con- 
densed Oil IS much lighter than the origi- 
nal oil in the sand In this process some 
ol the possible products from the origi- 
nal oil— asphalt, foi instance— are lost. 
Moieover, the bituminous sand must be 
heated to very high temperatures. Since 
85 per cent of the material is sand, it is 
obvious that much wasteful heating is 
involved. To make the process a continu- 
ous one and reduce the waste of energy 
by providing a method of heat exchange 
would require a complicated plant. 

A second method is to dissolve the oil 
out of the sand by means of an organic 
solvent and then to recover it from the 
solvent by distillation. This is a process 
that is used m the laboratory for analyti- 
cal work. There are obvious difficulties 


in using it on a commercial scale. It 
saturates the sand with solvent instead 
of with oil, leaving the engineer almost 
vfiiere he was befoi e— he must now find 
a practical method of recoveimg the 
solvent liom the sand. 

The third method is the so-called “hot 
watci” piocess. The sand is agitated in 
hot water, wheieupon the oil leaves the 
sand and floats on the suiface of the 
water as a Iroth. This process has the 
advantage of simplicity and cheapness. 
Tlie handling ol hot water leqnmes 
only simple equipment, and since water 
is cheap tliere is no need for gieat pre- 
cautions against losing some of it. If the 
hot watei is used moie than once, heat 
lo.sses aie not serious 

This is the method that was chosen as 
most practical by the Research Council 
of Albeita. It is the one used in all the 
plants thus far built, including the new 
plant of the Piovince of Alberta. The 
othei two methods, however, continue 
to be studied in laboratories. 

A THABASKA bituminous sand is very 
- amenable to tieatment by the hot- 
water extinction method. Indeed, the 
problem is not to find a workable ex- 
tiaction piocess; it is to work out the 
engineermg details involved in handling 
the mateiials. No plant so far set up has 
experienced any tiouble in producing 
oil They have all had trouble, however, 
in keeping going mechanically. 

It is necessary, in explaining the hot- 
water process, to make clear just what 
soit of stuff bituminous sand is. The min- 
eral part of it consists of sand grains 
along with a variable amount of silty 
and clayey matter. The sand grams are 
composed almost entiiely of quartz. The 
silt and clay is extremely fine material 
and is composed of silicates instead of 
just silica. 

When excavated, the sand grains and 
the silt and clay are wet with water. The 
water, wetting the surfaces of the sand 
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grains, forms a film between oil and 
sand, hence the oil does not stick to the 
sand surface. The oil more or less fills 
the spaces between the sand grains. 

If a little of the bituminous-sand ag- 
gregate is put into a beaker of hot water 
and broken up by agitation, most of the 
oil draws^ together into clots. The clots 
attach themselves to bubbles of air or 
water vapor which are always present 
and float to the surface. The accumula- 
tion of these clots forms a buoyant layer 
of froth. The clots, however, have en- 
meshed a good deal of sand m the 
process of formation, and when the froth 
IS skimmed off it is found to be very 
sandy and, of course, to contain a great 
deal of water On a plant scale, the 
bituminous sand and water would be 
mixed and heated to form a hot, pulpy 
mass, which would then be pouied into 
a tank of hot water. There the sand 
sinks and the oil floats, and each can be 
removed by suitable mechanical means. 
If the pulp is watery, however, the re- 
sult is much the same as in the beaker 
experiment: the oil froth is veiy sandy. 

The problem is to get a froth that is 
as free of sand as possible. This is done 
by forming a thick pulp with a mini- 
mum of water. In such a pulp the oil 
does not draw together in clots. It is dis- 
persed in small masses, lying unattached 
among the sand giains. These oil masses 
vary in size, some of them being very 
tiny flecks. The silt and clay content of 
the bituminous sand is intimately asso- 
ciated with this dispeisioii of the oil. The 
more clayey the bituminous sand, the 
gi-eater the proportion of fine oil flecks. 
All the oil flecks contain silt and clay, 
but the very small ones are the more 
heavily charged. If this type of pulp is 
abruptly flooded with hot water and is 
swept into a large tank of water, all the 
elements ai'e dispersed and each con- 
stituent is fairly free to go its inde- 
pendent way. The larger oil masses 
fasten themselves to air bubbles and 
float to the surface. The sand grains sink, 
The silt and clay, along with the tny 
oil masses, remain dispersed in the 
water. An oil froth is formed as usual. 
This froth, however, is fahly free from 
sand, provided another factor is con- 
trolled. 

It is well known that oil-air bubbles 
have the ability to hold mineral particles 
and to float them. This phenomenon is 
the basis of the widely used flotation 
method of concentrating mineral ores. 
The phenomenon takes place m a hot- 
water separation plant just as readily as 
in a mineral-flotation cell. Air is neces- 
sary to form a buoyant oil froth, for the 
oil in the bituminous sands is actually 
heavier than water. But care must be 
taken that no more air is present than 
is needed to form the froth. Even this 
minimum of air will result in some sand 
being floated. The oil froth contains at 
least three per cent of mineral matter, 



of which about one and a half per cent 
is silt and clay. It also contains 35 to 45 
per cent of water. Both of these con- 
taminants must be eliminated. 

The hot-water process recovers 80 to 
85 pei cent of the oil present in good 
grades of sand. The amount of recovery 
depends on the silt and clay content of 
the bituminous sand. Some of this very 
fine mineral matter is necessary £oi a 
satisfactory peifoi’mance of the process. 
But too much of it causes loss of yield 
because of inci eased dispersion of oil in 
the plant water. 

A description of the Provincial Gov- 
ernment plant at Bitumount, which is 
set up to pioduce 350 ban els of oil a 
day, will show how the process is trans- 
lated into full-scale plant operation. At 
Bitumount 60 feet of good grade bitumi- 
nous sand lies exposed m the east bank 
of the Athabaska Rivei under a few feet 
of oveibuiden. The quarry site was 
stripped of eight feet of sandy soil and 
weatheied material by bulldozers, power 
shovels and dump trucks. The bitumi- 
nous sand for the plant feed is dug di- 
rectly from the quarry by power shovel 
and IS carried by truck to a bin at the 
head of the separation plant. 

A SIMPLIFIED picture of the stages 
in sepal ation of the oil fiom the 
sand is shown in the diagram on pages 
52 and 53. After being dumped into the 
bin, the sand is discharged through hop- 
pers at the bottom into screw conveyors 
that carry it from the hopper into the 
plant. These conveyors are steam- 
jacketed. Hot water is admitted into 
them in controlled amounts. Thus in 
addition to conveying the sand, they mix 
it with water and heat the pulp. The 
pulp is passed through a rotary screen 
to catch stones and then into a pugmill 
where the mixing and heating of the 
pulp is completed. The pulp then drops 
from the pugmill into a ciiculating 
stream of hot water that washes it into a 
"'separation cell.” 

Up to this point the oil has been dis- 
persed in small masses among the sand 
grains in the pulp. The stream of hot 
water that it encounters has previously 
been stirred up to considerable turbu- 
lence. On meeting the stream of water, 
the pulp is completely dispersed by its 
turbulent flow. The agitated water also 
provides the air bubbles that float the 
oil. It rises to the top of the cell in a 
froth. The sand sinks. 

The circulation of the hot water is a 
key feature of the plant. The stream of 
water that enters the separation cell 
overflows from it. The outflowing stream 
carries silt and clay and some oil in the 
form of very small flecks heavily charged 
with silt and clay. The stream is then 
pumped to a cylindrical container where 
the solid material settles at the bottom 
and is discharged to waste with the help 
of a mechanical rake. The water, cleared 


ol this sediment, overflows at the top of 
the container and is returned to the sepa- 
ration cell. On its way it passes through 
a heater which biings its temperature 
back to about 185 degrees F. It enters 
the beginning of the cycle again through 
a small box in which the turbulence of 
flow is cieated. Aeration can be con- 
trolled by 1 educing the circulating water 
stream and thereby the turbulence. 
Automatic equipment legulates water 
levels, pump actions, heating and intro- 
duction of water. 

The separation cell is a simple vessel. 
The sand that sinks in it is pushed out 
at the bottom by a horizontal screw con- 
veyer. The oil lioth that collects on the 
water surface is skimmed olf by a simple 
paddle device. Jt then goes to a tank 
wheie the froth collapses to a flat layer 
of oil and the sand particles still left in 
it sink. The oil, now freed of abrasive 
sand giains, overflows and is earned off 
lor its final treatment. 

The separated oil, as already noted, 
contains from 35 to 45 per cent of water 
and about one and a half per cent of silt 
and clay. The water, particularly, must 
be lemoved or at least reduced to a low, 
constant amount before the oil can be 
sent to the refineiy. This result is accom- 
plished by a method introduced by 
Abasand Oils Limited. It consists m mix- 
ing the wet oil with a refineiy distillate 
of about the volatility of kerosene. The 
addition of this diluent amounts to al 
least 70 per cent of the volume of actual 
oil present m the wet oil. The resulting 
oil mixture has much greater fluidity 
than the crude oil, and its density is less 
than that of water. Consequently water 
will sink in it. The water of the wet oil 
is present in all degrees of dispersion, 
from slugs to the tiniest of droplets. The 
hot mixture of wet oil and diluent goes 
into a tank where much of the water 
settles, either as clear water or as a gela- 
tinous emulsion containing some clayey 
matter and oil. The water is discharged 
from the tank, and rakes at the bottom 
move the emulsion with it. 

The oil which overflows from the top 
of this tank still contains some water. It 
is dried by driving the water out by heat. 
The dried oil then goes to a small refinery 
in the plant. There the diluent is lecov- 
ered and the crude oil extracted from the 
sands is fiactionated into a httle gaso- 
line, diluent for use m the plant, Diesel 
oil and the lesiduum. Since the purpose 
of the project is simply to establish a cost 
for the produced oil, all that is required 
' of this refinery is to reclaim diluent and 
to produce fuel for the power plant; the 
rest of the crude oil constitutes the prod- 
uct. If the Bitumount plant operations 
are successful, it is likely that die refin- 
ery will be made more complete. What 
seems called for is a coking unit which 
would break down the asphalt residuum 
of the crude oil into coke and cracked 
distillate. The coke would serve as fuel 



in the powei plant and the distillate 
would be fraclionafcd into the rcfineiy 
products ot gasoline, Diesel oils and 
Kiel oil. Destiuctive-distillation tests on 
the ciude oil show that it breaks down 
into about 20 per cent coke, 5 pei cent 
gas and 75 per cent distillate. This pro- 
portion ol coke and gas is about light 
lor the hiel supply of a complete ex- 
traction plant and lefinery, The distillate 
has an A.P.L gi'avity of approximately 
25. It IS quite fluid. 

T he opening stage of laigc-scale dc- 
veloj^ment of the bituminous sands 
will be the construction of scpaiation 
plants in a few favorable aieas. Three 
such aicas arc known now, each approxi- 
mately a square mile in extent. They 
contain liom 100 to 200 million barrels 
of oil each. It is almost certain that ex- 
ploratory drilling will reveal a number 
of other good sites. One may visualize 
the area, in lutiue years, dotted with 
huge open-cut pits with separation 
plants nearby—mstead of the familiar 
oil-field scene of derricks. These installa- 
tions would excavate the sand, extract 
the oil in a plant and ciack the oil to 
coke and crude distillate, Imimng the 
coke lor fuel and piping the distillate 
out of the field as crude Jor the market. 
To gel at the billions of barrels of oil 
in sands that lie too deep for excavation 
is another technical problem, the answer 
to which at piescnt is far from obvious. 
Much of the sand is buried under an 
overburden of lOO feet or more, and the 
good grades of sand often lie near the 
bottom of the formation. Some attention* 
has been given to the problem. Several 
experimenters have tried to diive the oil 
out of the beds with heaters of various 
sorts in boreholes. If for no other reason, 
these attempts failed because of the very 
low heal conductivity of bituminous 
sand. The Research Council of Alberta 
gave some study to the possibility of 
flooding the beds with water. However, 
a determination of the viscosities, per- 
meabilities and temperatures involved 
showed that this method could not be 
used unless a way could be devised of 
heating the bituminous sand beds from 
36 degrees F. to about 150 degrees. No 
way to do this is apparent. The problem 
remains difficult, but it will be solved. 

Meanwhile, operations at the Bitu- 
mount plant should settle the question 
of the practicability of oil production 
from the accessible sands. When the 
technical questions are lesolved it will 
be up to the policy makers inside and 
outside of industry to decide whether the 
challenge of the bituminous sands is to 
be allowed to stand or whether some- 
thing is really to be done about it. 


Karl A. Clark is Research 
Engineer of the Research 
Council of Alberta. 



BITUMINOUS SANDS here scam the face of tall cliffs along the Athahaska 
River. Exposed deposits cover an area of 1,000 square miles in the region. 



MINING OF THE OIL requires no wells or drilling. Oil-bearing sands are 
simply scooped up by steam shovels and carted to the extraction plant. 



EXTRACTION PLANT was first built by Research Council of Alberta on 
Clearwater River. New plant on Athabaska begins operations next month. 
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MOLECULAR STRUCTURE of muscovite mica is an illustration in The 
btrucmre of Matter. Pyramidal structures are an oxide of silicon (8104) . 
amaBest circles represent atoms of ^mninum (Al) , Larger circles rept^e- 
sent me nydroxyl radical (OH) . Largest circles represent potassium (K) . 


by E. U. Condon 

The STuucrrmiE of Matter, l)y Fiancis 
Owen Rice and Edward Teller, john 
Wiley and Sons ($5.00) 

I F one weie to say “atom” m a woid- 
association test, the vast majonty ol 
peisons would douhllcss answer 
“bomb.” Obviously the importance ot a 
knowledge ot uiomie theory is far greatei 
than this association of woids would 
imply. This book does not even mention 
the bomb. 

The fact is that since all mat Lei is 
made ol atoms, and all of science is cou- 
ceined with the behavior ol mailer and 
its luteracUon with clec'lromagnedc la- 
diatioiis, theie can be no knowledge ol 
science which docs not involve a conn 
prehension of modem alomie theory. 

The Sliuclttrc of Matter is an ad- 
mirable aUcinpt to give the serious slii- 
deni oi physical science an iutioduction 
to modern atomic theory. The mathemat- 
ics in it is confined to simple algebiaic 
formulas. Therefoie it is completely non- 
mathematical fiom the sUmdpomt of the 
mathematical physicist. On the othei 
hand, the book is clearly not “popular.” 
A populai book must contain not one 
line of algebia m spite of the fact that 
millions of Ameiicans, including book 
piiblislieis, have studied algebia. 

The authors have taken as their task 
the piesentalion of the concepts of 
atomic theoiy and thcii application to a 
wide range of physical and chemical 
phenomena. In ordei to get on with the 
job, they do not give complete deduc- 
tive tieatments. They have omitted any 
account of the historical giowth of the 
undei lying ideas. They have also dis- 
pensed with any discussion ot philosoph- 
ical consequences or basic concepts of 
measurement associated with the cele- 
biatecl uncertainty principle of quantum 
mechanics. 

Instead they plunge at once into a 
descriptive account of the concepts of 
quantum mechanics and of the nuclear 
model of the atom. In the very first 
sentence of the book they set out with 
a high degree of confidence in the power 
and correctness of piesent-day theoiy. 
They say: *'At present, atomic physical 
theoiy in principle enables us to calcu- 
late all of the chemical and most of the 
physical properties of matter and thus 







BOOKS 

A/i ainbilious introduction to all of modern atomic 
theory and its applications in physics and chemistry 


makes the science oi expenmenial chem- 
istry superiliions.” 

That IS ceilauily promising a good 
deal, and would piovicle a show well 
woith the puce of admission. However, 
the next sentence goes on to say that 
the necessaiy calculations aie so labon- 
ous that it is much easier m most cases 
to do the cxpciiinenlal woik lather than 
attempt to make the ihoorclieal calcula- 
tions. Thus it turns out that the experi- 
mentalists are not yet unemployed. 

Of couise, it IS an act ol lailh to 
suppose that the calculations which have 
not been made would, il tlioy leally 
were made, agree with experiment in 
every detail. Since they have not been 
made, nobody can ho sure tliat they 
would agree with experiment in all the 
untried cases. Nevertheless it is true 
that the powei of the (juanlum-mechani- 
cal method app1i(‘d to the elccLron-iiu- 
clcar model ol the atom has been .so 
astonishingly fruitful in conelating ob- 
soivational infounation about nuclei, 
atoms, molecule's and .solids that one 
cannot help ieelmg a high degree of con- 
fidenee in the uiKpialified mlroduclory 
sentence of this book. Many people need 
just some such assurance be! ore they will 
make the effoit to mastei what follows. 
For others the study is made more pi- 
quant by the possibility of discoveimg 
some new phenomenon that did not fit 
the theory and that would require some 
fundamental revision of it. 

Teller and Rice deal with an astonish- 
ing lange of subject inattci in a way 
that should be genuinely hclplul to a 
peison seeking a descrijitive intioduc- 
tion to the wide range of successes of the 
theoiy. By departing completely Irom 
the historical ordei ot development the 
authors aie free to use whatever pres- 
entation IS best suited to clarity, 

The book has one veiy serious defect, 
however, which seems to be connected 
with this avoidance of historical allu- 
sion. The defect is that almost no refer- 
ences are given cither to original re- 
search papers or to other expository 
material. Thus the student is left almost 
completely without guidance as to where 
to find more detail on any one of the 
topics discussed. 

To review The Structure of Matter, 
It is necessary to explain briefly what the 
book has left out— an account of the 
main periods that produced the develop- 
ments with which il deals. We often hear 
of the flowering of science that occurred 


m the 18th centuiy Today we are deal- 
ing with a rate of change much fastei 
than anything that occuued m that gieat 
centuiy. 

We have come a long way in oiii 
knowledge oi atomic structuie in the 
last 50 ycais, and paiticularly so m the 
last 25 yoais. Fifty yeais ago physicists 
wcie just beginning to be acquainted 
with the election as a tmy coipuscle of 
negative electiicity and as a piobable 
coiistitnent ot atoms. The game ot 
thinking seriously about atomic stuictme 
began. Radioactivity and X-iays had 
just been discoveied, as had the photo- 
eloctiie elTccl and the emission of elec- 
tions irom hot bodies 

At the turn of the centuiy a disUubing 
(‘leineni ^vas rudely mtioduccd by Max 
Planck’s ([iiiinlum ihcoiy of ladiation. 
Up to that tune the successes of the 
wave tlu'ory ol light in aceountmg for 
phenomena of intcifoience and diflrac- 
lion had Ix'cii so gieat that it was re- 
garded as fully cstahlishcd. Planck’s 
cliscoveiy showed that one had to regard 
the emission or al).sorpt3on of light not 
as lieing a continuous proccs.s, as had 
been thought, but as involving in a single 
process a single quantum of energy, the 
amount being propoitional to the fre- 
quency V and conventionally written as 
hv. Tile h was the new constant discov- 
ered by Planck in this connection 
The implications of Planck’s i evolu- 
tionary idea weie not apparent at once. 
They lay deeply immersed in a compli- 
cated mathematical theory that few 
could critically understand. For some 
time many thought theie was a less 
radical appioach to ladiation theory than 
the one Planck felt foiced to adopt. 

In 3905, however, Albeit Einstein 
showed how the quantum hypothesis of 
Planck led to simple and straightforward 
interpretations of some data of the photo- 
electric effect. Einstein also showed its 
applicability to the study of the heat 
capacity of solids at very low tempera- 
tures. From then on the place of the 
Planck constant, h, in the future of 
physics was assured 

By 1912, Ernest Rutherford had per- 
formed his crucial experiments on the 
scattering of high-speed alpha particles 
by the atoms in thin metal foils. He was 
able to show that the distribution-in- 
angle of the scattering of such alpha 
particles required the assumption that 
the heavy part of an atom was concen- 
trated in a small nucleus, not more than 


( 1/1,000,000,000,000) centi- 
metei m diametei . The outer part of the 
atom, wheie the elections are, occupies 
a space about 10-« (1/100,000,000) 
centimeter in diametei. Thus m 1912 
the nuclear model of the atom was boin, 

Fiom that time forward we have un- 
derstood that an atom has a central, 
positively-chaiged heavy nucleus that is 
smioiinded by a number ot elections 
The atoms aie electrically iieutial, and 
the atoms ot chemically-distinct elements 
differ both as to the amount of positive 
charge on the nucleus and as to the 
number of electrons sui rounding it 

Fiom 1912 on the pace quickens at a 
rapidly-accelerating late. The gieat 
problem, of course, is that of the dynam- 
ics of the piocess by which the elections 
move aiound the nucleus. Also of laige 
significance was the relationship that 
ihis bears to the quantum process by 
which changes in the atom aie connected 
with the omission and absoiption ol 
ladiation. The fiist decisive steps to 
solve tliis piobicm were taken in 1913 
and 1914 by Niels Bohi. 

Bolir introduced the concept that 
atoms, and chemical molecules, exist 
only m definite states having fixed possi- 
ble amounts of energy. He supposed 
that ceitain values of the eneigy cor- 
lespond to possible states of atomic sys- 
tems; that a system simply could not 
exist in a condition wheie it possessed 
intermediate amounts of energy. Emis- 
sion or absoiption of radiation he con- 
nected with the process of abrupt dis- 
continuous tiansition from one 'peimis- 
sible'" state to another. 

Physics was quite fully occupied for 
a decade m working out the many impli- 
cations of Bohi’s ideas. The gate was 
opened to a detailed interpretation of 
the spectra of atoms and molecules. This 
m turn not only gave support to the 
theoretical principles but also gave a 
wealth of new quantitative information 
about the atoms and molecules. X-ray 
emission and absorption spectra were 
discoveied and analyzed and explained 
by the new theory. The behavior of 
atoms and molecules when subjected to 
electron bombardment also became un- 
derstandable and contiibuted a wealth 
of detail to the unfolding picture. 

And yet from the very beginning Bohr 
was aware of the inadequacy and incom- 
pleteness of his theory. He worked con- 
stantly to focus the attention of tlieoret- 
ical physicists on these shortcomings. 
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The Pioneer Book on 

ROCKET 
DEVELOPMENT 

Edited by E. C Goddard 
and £. C. Pendray 

Here is an absorbing and 100% authentic 
account of the experiments with liquid fuel 
rockets conducted by Dr. Robert H Goddard, 
undisputed "father of modern rocketry " Com- 
piled from his secret notes, this book relates 
each pioneer step in rocket research taken by 
Dr Goddard in the critical period 1929-1941. 
It reveals everything about the rocket mechan- 
isms, launching apparatus and fuels used by 
the man who blared the trail subsequently 
followed by German, British and American 
rocketeers. $6,50 

APPLIED 
ATOMIC 
POWER 

by £* C Smith, A. Fox, 
and H. ff. Austin 

In simple language any layman can understand, 
four experts here explain the nature of atomic 
power and unfold its amazing prospects for 
industrial use. How uranium, polonium and 
other radioactive elements were first isolated is 
told in fascinating detail, as is the work of 
Fermi and others who first probed the riddle 
of atomic energy. Likewise related is the 
inspiring story of Oak Ridge and what the 
advances made there may well mean to our 
industrial future. $4.00 

Industrial Division 
PRENTICE-HALL Inc. 

70 Fifth Avenue. New York 11, N. Y. 



Make Your Own 

TELESCOPE 

E xtensive, practical instructions 
for making excellent telescopes 
capable of serious astronomical 
work, including the glass mirrors 
and at a cost of less than $25 for 
materials, are presented in 

AMATEUR TELESCOPE 
MAKING 

(500 pages, 316 illustrations) 

$5.00 postpaid, domestic, foreign $5.35 

AFTER you have made your tele- 
-lX scope, there will be other optical 
opp^ralus that you will want to 
make. Then the book you will 
need is 

AMATEUR TELESCOPE 
MAKING — ADVANCED 

(650 pages, 361 illustrations) 

$6.00 postpaid, domestic; foreign $6.35 

SCIENTIFIC AMERICAN 

2^ West 40fh Street, N. Y. 18. K Yi 


to tlie end that piogiess might take place 
on a moie solid foundation than that 
which he had been able to piovide. 
Besides the difficulties ol a fundamental 
kind which Bohi stressed, his eaily 
quantized- Ol bit model of the nuclear 
atom pioved quite incapable of giving 
an account of the natuie ol valence 
foices holding atoms together m com- 
pounds— the basis of all chemistry. 

This deeper concern with improved 
foundations of the theory bore fruit just a 
quarter-century ago and soon thereaftei, 
m the theoietical and experimental dis- 
coveiy of the wave nature of the electron 
by Louis de Broglie in France, by Erwin 
Schiodmger in Zurich, by C. J. Davisson 
and L. H Germer in New York. Soon the 
mathematical theory of atomic phenom- 
ena unfolded in a period of dazzling 
biilliance at the hands of Max Born in 
Gottingen, Werner Heiseiibeig in Leip- 
zig, P. A. M. Diiac in Cambridge, and 
many otliers. 

By 1927 a thoroughgoing revolution m 
the basic concepts had occuired. Foi a 
year or two thereafter hardly an issue ol 
the important physical journals appealed 
that did not contain some paper that 
pointed the way to a whole new kind of 
phenomenon like the barrier-leakage in- 
tcrpietation of radioactive decay, or the 
Feimi-Dirac statistics for electionic 
properties of metals, or the Heitler-Lon- 
don theoiy of the homopolar valence 
bond, or the inteipretation of allernating 
intensities in band spectra due to spin 
and statistics of nuclei, and so on. In the 
years 1927 to 1930 the rate at which new 
ideas of the utmost importance were be- 
ing discovered in theoretical physics was 
staggering, and many of the best physi- 
cists were staggered by their attempts 
to keep up with the mainstream. 

With the 1930s came another decade 
of great progress. Besides a rather com- 
plete working out of the most compli- 
cated atomic and molecular spectra, 
there came also an important application 
of quantum-mechanical ideas m two 
quite different outlying areas. In one di- 
rection real progress was made m the 
basic interpretation of the forces holding 
atoms and molecules together in solids, 
and therewith a fuller understanding of 
the mechanical, thermal and electrical 
properties of solid substances. In another 
direction the whole science of nuclear 
physics was born, with the discovery of 
the neutron and the development of 
high-voltage equipment permitting the 
ready transmutation of elements by bom- 
bardment with particles of high energy. 

All this splendid intellectual develop- 
ment was slowed ahnost to a standstill in 
the present decade when the physicists 
were called upon to quit their peaceful 
occupations and devote themselves to 
the development of new tools for the 
war. Since 1945, however, the quest has 
been taken up again. A whole host of 
new basic discoveries is coming from the 
laboratories. Physics is still an exciting 


game full of rich rewinds, but it is one 
m which the range of detailed achieve- 
ments has become so gicat that it is be- 
ginning seiiously to be fiagmcnted into 
small specialized areas. It is no longci 
possible loi any one physicist or chemist 
to keep abreast of all the research fields 
which are dominated by the concepts 
and ideas of quantum mechanics. 

What a story! A complete account, 
of couise, includes many false stalls and 
excursions up blind alleys. But if one 
judiciously leaves out some of the waste 
motion, theie is much to be said for a 
piesentation that follows the historical 
Older purely as a way of oiganizmg the 
study apait from the human mteiest at- 
taching to the actual history of the de- 
velopment. 

Rice and Tellei have omitted all this. 
This reviewer i egrets their decision. 
They have nevei theless produced a book 
that should prove vciy valuable to many 
beginning piofessionals who wish to get 
started in this vast field of modern theo- 
ictical physics. 


E. U. Condon is direc- 
tor of the National 
Bureau of Standards. 


H umor and Humanism in Chemis- 
try, by John Read. G. Bell and 
Sons Limited, London. A Direct Entry 
TO Organic Chemistry, by John Read, 
Methuen and Company Limited, Lon- 
don. Two extremely able books from the 
prolific pen of a scientist noted equally 
for his original rescaiches and for his de- 
lightful contributions to the cultural his- 
tory of chemistry. Humor and Human- 
ism, a successor to Read's well-known 
Prelude to Chemistry , touches upon a 
variety of entertaining curiosities and 
out-of-the-way matters such as "'the fly- 
ing alchemist”; the scientific pursuits of 
James IV of Scotland, who paid people 
for piacticing dentistry upon them (Lord 
High Treasurer's entry, February 9, 
3511: Payment of 14s. to “ane fallow, 
because the King pullit furtht his 
tootht”); early chemical textbooks, 
chemistry in the Australian bush; and 
the effects of laughing gas and other 
“factitious airs” on human subjects. 
There is a chapter on the habits of some 
of the modern greats in chemistry, in 
part based upon Read's personal expe- 
riences during his student years in Zu- 
rich, another chapter on “chymical art- 
ists,” and a large number of uncommonly 
interesting cuts and plates. A Direct 
Entry to Organic Chemistry appears in 
the attractive, inexpensive and highly 
satisfactory Home Study Book Series. 
(Why U. S, publishers offer no adequate 
counterpart of ventures of this kind, es- 
pecially in the sciences, is incomprehen- 
sible.) The analogies, historical allu- 
sions, anecdotes and clear style combine 
to make this popular introduction to a 
difficult subject, whose clumsy symbol- 


ism makes it particularly rcpcllciil to the 
plain leader, the best English woik ot its 
kind that has yet appealed. 

T [ie City of Kkason, by Sanuicl H. 

Beer. Harvard Univeisity Press 
($4.00). Prolessoi Beei argues that al- 
though there is undoubtedly a relativity 
of truth and oi morals, certain fixed du- 
ties, ideals and piinciples constitute an 
ethic of civilization sufiicient to explain 
“the largei notions which he behind oui 
moral feelings/’ to countciact the iius- 
tiations of irrationalism, to make men 
the ultimate masteis of chance and to 
effect what would miivei sally be de- 
scribed as “pi ogress.” The piinciples aie 
those of community, lecoiicihation, and 
reason, the ideal is “a community in 
which the happiness ol each intogially 
involves the happiness oi all.” Dr. Beer s 
assertion of a creative universe of which 
the human mind is “a peculiaily cicativc 
part” IS derived from fohn Dewey and 
to an even greatei extent irom the phi- 
losophy of the late Alfred Noith White- 
head. An intelligent, gentle, sincere and 
often elo(|uent book which may offer 
solace to some, but can hardly pcisuade 
those wlio aic not at least half-peisuadcd 
at the start. 

T he Book of ttif Snip, by A. C, 
[lardy. The Macmillan Company 
($8.00). An illustrated smvey ol the 
woild’s non-righling ships, the. shipjiing 
Bade and the shipbuilding industry. 
There are chapters on ship and marine- 
engine construction, the jmrjioscs of var- 
ious ship designs; harbors, docks, and 
the lepair of slnps, dredgers and hop- 
pers, lighthouses and sea marks. The ta- 
bles, silhouettes, photographs and glos- 
sal y enhance the value of an authorita- 
tive manual written in a clear, nontech- 
nical style. 

R eadings in Philosophical Analy- 
sis. Selected and edited by Plerbert 
Feigl and Wilfrid Sellers. Appletoii- 
Centiiry-Crofts, Inc. ($5.00) . A volume 
of carefully selected ai tides giving a rep- 
resentative view of modem pliilosoph- 
ical schools of thought. While there is 
no dearth of philosophical readeis (i.e., 
books), few anthologies include, as does 
this one, basic essays by outstanding au- 
thorities on the nature of logic and 
mathematics, language, meaning and 
tiuth, induction and probability, theoret- 
ical ethics and scientific method. With 
its useful bibliography, this collection 
should not only enjoy welcome m uni- 
vei sides but can be recommended to 
anyone interested in the fascinations of 
modern philosophy. 

A lbert Einstein, by Elma Ehrlich 
- Levinger. Julian Messner, Inc. 
($2.75), Albert Einstein: A Biogra- 
phy FOR Young People, by Catherine 
Owens Peare. Henry Holt and Company 
($2.50). Brief accounts of the great 


physicist’s life with laudable emphasis on 
Ins humanity and pacifism. Unfoitunate- 
ly, m their eagerness to poitray him as a 
genius and as a saintly man with lovable 
ecccntiicities, both authois fail to make 
Einstein out as a credible, three-dimen- 
sional mortal. No attempt is made to 
explain his scientific woik either in quan- 
tum theory or relativity, which can be 
and has been done even foi young peo- 
ple, though Mrs Levinger goes a little 
furthei in this respect than Miss Peare, 
also, there is a striking similaiity be- 
tween the anecdotes and fables appear- 
ing 111 both biographies, Mrs Levinger 
IS given lo confecting imagmaiy (and 
implausible) conveisations. Any child 
who wants to read a biogiaphy of Ein- 
stein dcseives better. 

T ue Second World War, by Majoi 
General J. F. C, Fuller. Duell, Sloan 
and Peaice ($5.00). A biicf history of 
ground and aii operations of the last war 
liy one of the ablest and most piejudiced 
of military analysts. So long as General 
Fullci, Britain’s first tank commander, 
writes about things he understands, he 
IS reliable as well as leadable; even his 
bias against stuiLegic air power does not 
vitiate his acute criticism of its misuse. 
Uiifoitiinatcly lie insists on mixing 
sLraiglitforward military criticism with 
much nonsense about social and political 
inaltcrs: warfaie, he laments, has now 
fallen into the hands of the “cadocracy,” 
which is what makes it so unpleasant. 

N ew Compass of the World. Edited 
by Hans Weigert, Vilhjalmui Stef- 
ansson and Richard Edes Harrison The 
Macmillan Company ($5.50). A bal- 
anced and informative symposium on 
various topics of political geography 
( geopolitics) , a subject usually discussed 
in grandiose and inflated teims. The 
edilois have gathered contributions on 
the Arctic and Antarctic, the U.S.S.R., 
U. S. and British policy with respect to 
strategic bases, the political and eco- 
nomic pioblems of Asia, population 
liends and world biological resouices. 
Several of the essays, including those by 
Stefaiisson, Weigert, Owen Lattimore, 
and G. C, L. Bertram, are models of dis- 
interested analysis of controversial mat- 
ters, in contrast with what passes for the 
same in the daily press and the whooping 
best sellers. The author of The Road to 
Survival, for instance, would lose liis 
power over your maiden aunt once she 
read Bertrams cool appraisal of how 
soon we can all expect to expire from 
starvation. This book is a successor to 
Compass of the World, in which the same 
editors warned of “the dangerous begin- 
nings of an American geopolitics , . . 
against the false values of a new Mani- 
fest Destiny based on geographical half 
truths,'' “We feel,” they now write, “tlie 
same way today, four years after.” They 
are, it may be supposed, not alone in 
their apprehensions. J. H. N. 



A stimulating symposium on 
political geography. "The sig- 
nificant post-war geopolitical 
trends which it stresses pro- 
vide a key to the geographical 
and political future that will 
fascinate anyone interested in 
the strategy of peace.'' — Wil- 
liam S. Carlson, N. Y. Herald 
Tribune $5*50 


An analysis of technological 
change and economic develop- 
ment in the electric -lamp in- 
dustry from 1800 to 1947- 
Shows how the process of in- 
novation is influenced by the 
patent system, cartelization, 
tariffs, anti -trust legislation, 
etc. Charts and diagrams. $7.50 


The Electric-lamp 
Industry 

By Arthur A. Bright, Jr. . 


Traces the development of 
radio from the beginnings to 
FM and television. Shows the 
economic, political, scientific, 
and personal factors that have 
brought about radio's techni- 
cal advances. Suggests how in- 
dustry can ensure a constant 
flow of improvements. $6 00 


Invention and 
Innovation in the 
Radio Industry 

By W. Rupert Maclaurin 


A wonderfully clear, under- 
standable explanation of the 
theories underlying electron- 
ics; the construction and op- 
eration of basic electronic 
devices; and the almost limit- 
less use of these devices in 
equipment for industry, sci- 
ence', medicine, and many 
other fields. $330 


An Introduction 
to Eloctronics 

By Ralph G. Hudson 
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RUSS!I^Ij W. Porter is the name of the crater within the white rectangle 
on thisMonnt ^ilson photograph of th^ moon. Above it lies the larger object 
Llavins. Eopqaexly Porter ws^s Jsitown as Glavins B (see drawing at the right ) . 
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CoiiclucLed by Albert G. Ingalls 

1 AST monlli this dcpai Uncut caiiied 
an account ol llie life of Russell W. 
^ Porter, the patron saint oi amateur 
astronomers who died on February 22 
At the end ot the account it was men- 
tioned that a cialer on the moon liad 
been made a memorial lor Poitei. This 
was the happy outcome ol a suggestion 
first made K) years ago by David P. Bar- 
cioft, a well-known planctaiy observer 
ol Madcia, Calif Encouiagcdby Waltei 
H. liaas, widely known loi his lunar 
observations, and liy tins department, 
Baicrolt wiote to II. P. Wilkins, F.R.A S., 
Dircctoi ol the Lunar Section oi the 
British Astionoinical Association, who at 
once leplied as follows. 

'T fully agree that Porter is entitled to 
a place on the moon and am very glad 
indeed that it lies within my powox to 
furtlici this. Guo ot the finest ol all the 
lunai formations is Glavins. On llie walls 
of Glavins wc find two prominent cralcis, 
one on the soulh wall and the other on 
ihc north. They used to be known as 
Glavins A and B. Tlie one on tlie south 
IS now called Ruthertord after the fa- 
mous American lunar photographer but, 
until the present lime, the ciater on the 
north wall is still unnamed It is about 
25 miles in diameter I theiefore piopose 
to name the crater Glavins B, Russell W. 
Poi ter. 

‘To this end I have already inserted 
it on my copy of the 300-inch map and 
on the tracings from which piints arc 
taken, and this name will appear on all 
future copies of the map. I do not think 
I could have selected a belter object. 

“I will also see that appropriate action 
is taken by the various learned societies, 
so far as lies in my power. The chief step 
has been taken, the name is now on the 
map.” No doubt this action will be sanc- 
tified by the Commission de la Lime of 



CLAVIUS is amotintain-wallcd plain 
pocked with smaller craters. Glavins 
or Porter, contains twin peaks. 



the Internationa] Astionomical Union. 

The conviction that this kind ot menio- 
luil would have been appieciated by 
Portei is based on some comments he 
penciled on the back ol a lettei m 1944. 
His attention liad been called to the 
writers attempts to lename Bieezy Hill, 
on which his home ‘‘Stellafane” lests, 
“Mount Porter.'* His comments weie. 

'‘Well, I cleaned up 3, ()()() squaic miles 
of unknown blanks in Fianz Joscl Land 
and 3, GOO moie m Alaska but my name 
IS not on one island, point, bay oi lake. 
Oh yes, there is a lake in Baffin Land 
that my party discovered and put my 
name on, so I suppose I ought to be 
satisfied Anyway it was a sizable lake, 
six mdcs long and a lot biggei than 
Breezy Hill (which 1 did not discovei ) 

Where is the crater now named Poi^ 
ter? It IS indicated by the white lectangle 
on the Mount Wilson photogiaph oi the 
moon which appeals on the opposite 
page. Above it lies the great moimtain- 
walled plain Clavius. 

Amateurs will now eageily aim their 
telescopes at the moon, at Clavius, and 
at Poiter, and will study their minute 
features with special iiitcrest. No e(|ually 
detailed description of these exists other 
than that which appeared in the classic 
work The Moon, by Waltci Goodacrc, 
today out of print, obtainable even at 
second hand with great dilficulty and at 
a cost of about $25 (originally $7.50). 

In his book Goodacrc, who until his 
death m 1938 was the Director of the 
Lunar Section ol the British Astronomi- 
cal Association, says this about the 
cratei : 

''Clavius —A noble object at all times, 
being a vast walled depression 140 miles 
m duimetei. The inner tei raced slopes 
use upward to the crest, which is 12,000 
feet above the floor The aspect which 
this object piescnts when seen under a 
low sun is one ol lemaikable giandcur 
and absoibing interest The crest ol the 
wall is nowhere ciicular but is composed 
of a numbei of lineai and irregularly 
curved sections presenting strongly 
marked polygonal features. The height 
of the crest generally above the sm- 
rounding country is insignificant and in 
many places it does not exist, the inner 
slopes dropping sheer from the surround- 
ing surface. At several places along the 
inner slopes are evidences of landslips on 
a huge scale, 

"A IS about 28 miles in diameter and, 
with B on the north wall are evidently 
much older formations than the regular 
circular ciaters found on the floor. A con- 
tains a fine peak; its floor is very rough. 
From the north wall of A radiate lidges 
which Eiger compares to the ribbed 
flanks of some of the Java volcanoes. 
Some of these reach nearly to B. Profes- 


soi W. H. Pickering has also noticed 
similai ridges on the outer slopes of some 
of the Hawaiian volcanoes 

“B is similai in type to A and probably 
contempoiary in point of age, it contains 
a fine double-peaked mountain and a 
crater under the noith-east slope. Be- 
tween the central mountain and the 
south wall aie three minute cratei s in a 
row cast to west, cjuite good test objects 
“The flooi of Clavius is veiy smooth 
generally, but spiinklcd over with many 
ciateis, cialcilets and crater pits. Among 
these thcie is between A and B the fine 
deal -cut ciater D, with walls using 
3,000 lect above its intenoi, having a 
small central mountain. Outside its wall 
on the east is a small isolated peak with 
a minute ciater a little to the south 
“In addition to D iheie aie tour other 
huge ciaters ol the same type running in 
a cuive convex to the noith, decreasing 
in size as they go. The mountains m A 
and B have very smooth, gently rising 
sides very much lesembling large sand 
dunes 

“Between D and the west wall are 
seven oi eight cialcrlels arianged m an 
elliptical curve. 1 find these arc good test 
objects for a 10-inch object glass, they 
uio lamtly shown on the Mount Wilson 
photograph.” 

The walled plain Clavius was named 
in 1651 by j'oannes Baptista Riccioli for 
Chiistopher Klau, a Geimaii Jesuit 
mathematical Leachei, according to 
Who's Who in the Moon, published in 
J938 by the Histoiical Section of the 
British Astronomical Association. After 
examining this 130-page catalogue, R S. 
Richaidson of the Mount Wilson Ob- 
servatory listed in Leaflet 193 of the 
Astronomical Society of the Pacific 
(March, 1945) the following Americans 
whose names have thus far been given to 
features of the moon Bruce, Buinham, 
Mitchell, Hal], Newcomb, Ritchey, 
Ruthcrfoid, Lick, Yerkes. To this short 
list the name of Poiter may now be 
added. 

T liE reflecting telescope shown in the 
photogiaph at the top of the next 
page was designed and built by Captain 
William C. Biyson, U. S. N., of the U. S. 
Naval Proving Ground, Dahlgren, Va., 
assisted by Donald L. Wmchell and Wal- 
ter N. Larsh. Captain Bryson states that 
its mountmg was patterned after the pio- 
totype sketch of the English yoke mount- 
ing shown in Amateur Telescope Mak- 
mg, page 139, and says “I have found 
this to be a very satisfactory type of 
mountmg,” Oddly, however, this mount- 
mg, so easy and inexpensive to build, so 
portable, so attractive, so rock-rigid if 
well built, has not often been made by 
amateurs. It is the same type as the 


Wonderful Buy . 

Bausch & Lomb 

SPECIAL WIDE-FIELD 
EYEPIECES 



1 2 3 


Kellner type oculais of achromatic con* 
btiucuon with excellent coirection and 
li^ht-iransimtting po^vels Comfortably 
large apeiture and conical eye-lens mount- 
ing add to their convenience in use ■when 
the observer is weaiing spectacles. High 
eyepoint peimiis the enliie field to be 
\iewed simultaneously wither without eye- 
glasses Until you have used these oculais 
you will nevei know how good an eyepiece 
can be Only Bau&th & Lomb could make 
these wonders. Quantities aie strictly lim- 
ited Less than 50 each are available of 
items #1 and #2; little more than 100 of 
item # 3 . If tliese eyepieces were reordeied 
today they would have to sell foi three 
Limes 0111 present puce Oulei late and be 
disappointed. All fit stand aid LVU tel- 


escope eye-tubes 

#] Jfide-field Kellner ocular 
T/r EJL. $7.50 

#2 Wide-jield Kellner ocular 
Ys" EIL $7.50 

#.) Modified Rnumleii design 
oculai Ti" ETl. $8.50 

#3A Modified Rumsden design 

EF.L , $8.50 


Front 

Aluminized 
Mirror 

riiiLsst (pinllti Plato 

KlOUllCl to 

flatness and aliimin- 
iised with a hard, al- 
most seiaU li-iJiro(»f coating Nolhing: fiuoi for 
use as a diagonal m place of indsm. These 
“Flats’^ can also be used to lefleet ultraviolet 
and infia-ied light with minimum loss (heat 
savliiK If used in place ot pi isms in Pouu #2 
svsteiii 

Size by 31A" tUidc $2.00 
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(INVERTING) 

PRISM 


A) 2" long, face Wn*/' square 
B S C’lown l.dl7 

B) li’lii." l<>ng» face " in" squaie. 
B S. (’mun 1 niT 


$1.00 ea 
50c ea. 



POLAROID 


(lenuine rolaioid 
mounted in opti- 
cal glass 3" {72 
mm ) discs per- 
fect foi erery use 
An pliotofiiapUy, 
phjsicb. petiolo- 
, clieniistiv, astionomy, $1.25 each or 2 for 
00 postpaid Also 1" <2.1 mm.) dtanieter 
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Send 50c for Up-fo-ntlnufe Ccfaloo 

HARRY nOSS 

MICROSCOPES— TELESCOPES 
Scienfific ond Laboratory Apparatus 
70 West Broadway. New York 7, N. Y. 
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7 X 50 


BINOCULARS 

MADE TO RIGID MILITARY SPECIFICATIONS 

Brand New 
$ 




With 
COATED 
Lenses & Prisms 

^54 

These rnaqrrificent 7x50 prism binoculars were 
obtained through the Supreme Commander of the 
Allied Powers They have the brilliant luminosity, 
precise clarity, and wide, undistorted field of 
view obtainable only with a good large glass 
Because 7x50 glasses give the highest performance 
obtainable they are now the official choice of the 
Army, Navy and Marine Corps This is your oppor- 
tunity to purchase a brand new 7x50 AT 1/3 OF 
THE USUAL COST Lifetime construction. Light- 
weight aluminum body, (Individual eye focusing ) 
Ultra-precise optics, sealed against moisture and 
dust. Unsurpassed by any other binoculars, re- 
gardless of price. Richly finished case and straps 
included. Sold with a guarantee of complete 
satisfaction or money refunded 

Price With 
Regular Optics 

$ 44 * 

*Fhs 20 “/q Fedcrat Tax 
IMMEDIATE DELIVERY. WE PAY THE SHIPPINS COST. 
Catalog of Telescopes, Microscopes, Binoculars 
Free on Request 


Price With 
Coated Lenses &. Prisms 

1 * 


$ 54 ^* 




Dept. 5K, 24 W. 45th St., Hew York 19, N. Y. 



WAR SURPLUS 

ACHROMATIC TELESCOPE OBJECTIVES— 

Perfect Magnesium I'Tuorlde Coated and ccmentecl 
Gov’t Surplus lenses made of finest Crown and 
Flint optical glass. They arc fully corrected and 
have tremendous resolving power. Guaranteed well 
suited for Astronomical Telescopes, Spotting 
Scopes, etc Original Gov't cost oppro-xlmatoly 
5100 00 each 


Diameter Focal Length 

5fim/m {2^Y) 600m/m 

SSm/m {VAn 876in/m .. 

TGm/m (3") 381m/ni (15"). . 

81ra/m (iV) R22m/iu (24%"). 


Each • Mt 

$12.50 ▼ 
$28.00 
$19.00 
$22.50 I 


40 POWER 


TEl^fiSCOPE 

Coated Lenses 


•40X— FINE for Astronomy 

30X— SUACRB for Long Oistances 

20X— EXCELLENT Spotting Scope 

lOX— WONDERFUL for Close Study 

Precision American Made Variable Power Tele- 
icope (not war surplus) POUR TELESCOPES < 
m One lOX, 2 OX, 3 OX, and 4 OX. Magneslum- 
llnoiide Hard Coated Lenses Achromatic Oh- 
jertive lens 2^" (53m/in) dla Length closed 
open 27%". Genuine Leather cov-^-.* -- 
ering. Weight 28 ozs. . . . $42.50 

27 POWER SPOTTING SCOPE LENS SET. This 
set of Lenses lUll make a Spotting Scope com- 
parable in optical quality with scopes priced at 
*7500 to 110000 REMEMBER the lenses are 
the heart of the instrument Conalsta of Rig 
'iOm/m (2j^") Dla Coated Objective Lens 2 
Prisma, Eyepiece Lenses. Instructions, All optics 
cemented and Perfect or near 
Perfect Set $16.75 

LENS CLEANING TISSUE— Here is a Wonder- 
ful Gov’t Surplus Buy of Perfect Paper w’hlch 
was made to the highest Gov't Standards and 
speeillcationB, 500 sheets, 
si^e X 11" 


$1.00 


"MILLIONS’' of Unses, etc. 
Send damp for “Barpin" List. 


A. 


WE PAY THE POSTAGE 

JAEGERS 93-08A dSGi Ave. 

OZONE PARK N. Y. 



Captain Bryson^ s telescope 


mounting of the 72-inch reflector at the 
Dominion Astiophysical Observatory, 
Victoria, B, C, 

The bulled south pier of the Bryson 
telescope is made ol welded steel Piv- 
oted on a ball beaiing is the thick polar 
axis, a length of 432-inch steel pipe. At its 
top this pipe is similarly earned on a ball 
bearing at the apex of a bipod or A-frame 
of welded pipe. 

The lower legs of the bipod slide with- 
in the upper parts and may be adjusted 
to the desired height and held by means 
of hand screws. 'Xike most Navy men I 
never know what the latitude of my next 
duty station will be,"' Captain Bryson 
states. At whatever latitude, the bipod 
legs need only be adjusted until the 
polar axis is parallel to the earth’s axis. 

''Tlie tube,” he continues, "is made ol 
wood and its cross section is a regular 
polygon of nine sides, a convenient mul- 
tiple of three to accommodate the three- 
legged spidei that holds the diagonal 
prism. For added strength every third 
stave is of oak rather than pine and there 
are six internal reinforcing rings. 

"The tube is clamped removably to a 
saddle attached to one end of the de- 
clination axis. When it becomes neces- 
sary to rotate the tube to obtain moie 
convenient access to the eyepiece as the 
telescope is swung in following the stars, 
I have to swing the tube back across the 
polar axis, iinclamp the tube, and bodily 
roll it over. Tm not very happy about this 
feature. I want external concentric tube 
rings so I can rotate the tube without 
wrestling My advice to other amateurs 
would be to get a cylindrical tube at the 
outset. 

“The white ‘corset’ around the tube is 
a canvas chafing gear to protect its cor- 
ners, I store the tube in our dining room 
(not unopposed) and when I added this 
corset my wife irreverently draped fe- 
male garments on it. 

“The decimation setting circle and 
vernier is made of brass and pivoted on 
the decimation axis and, by means of the 
knurled knob visible between vernier 
and polar axis, it can be cast loose and 
readjusted to read correctly when the 
telescope is on a star of known declina- 
tion, a principle explained in Amateur 
Telescope Making. The declination cir- 
cle is divided in degrees, 10 graduations 
on the vernier spanning 9 on the circle, 
and thus die vernier can be used to set 



McCartney’s secondary support 


the telescope in sLandard one- tenth de- 
gree increments of declination,” 

D etails ol a suppoit for the sec- 
ondaiy minor of a Newtonian le- 
fleclmg telescope, as designed by E. B. 
McCartney of Minneapolis, Minn., are 
shown in the first two of his thi ee draw- 
ings leproduccd above. “This suppoit,” 
he stales, “has been used in three tele- 
scopes and IS the easiest to make and 
adjust of any IVe seen. It is shown with 
a homemade flat but can be used with a 
prism. Tilting the flat does not throw it 
far ofl laterally, as m some designs. It 
should be made Tight’ and il this is done 
no locks will be needed.” 

The first drawing is a side and end 
elevation. The second drawing is an ex- 
ploded plan and elevation ol the spider 
liiib into which the main rod of the sec- 
ondary suppoit is adjustably fixed by 
means of the thumbscrew shown. 

The third drawing represents an ad- 
justable support for the secondary of a 
compound telescope. The spherical nut 
and, at the opposite end of its stud, the 
spherical washer, explain the three-di- 
mensional adjustment afforded by this 
support, McCartney is the designer and 
builder of the “Hempstead Hydrant” 
mounting shown in Amateur Telescope 
Making— Advanced on page 330. 

I NCLUSION in Amateur Telescope 
Making— Advanced of the chapter 
entitled “Dealing with Spider Diffrac- 
tion” has led to a considerable develop- 
ment of forms of cuivcd supports for 
secondary mirrors because these abolish 
the spikes that seem to project from 
bright stars. Franklin B. Wright of Ber- 
keley, Calif., in a lecent letter takes a 
similar point of view. “I think,” he says, 
“the idea is much overrated. There are 
occasions when it would be handy to put 
something over the straight ribs to 
spread the diffraction streak fiom a near- 
by bright star. But it is usually possible 
to rotate the telescope tube to move the 
diffraction streak out of the way so that 
it will not obscure an object. 

“The objection to the curved ribs,” he 
continues, “is that the total light spread 
outside of the centi*al image of a point 
source is bound to be greater than for 
thin, straight ribs because the curved 
ribs must be longer and thicker in order 
to be sufficiently rigid. This difference 







Exploded drawing of support 


The adjust (dAe support 


would no I be imporLaiil except when the 
moon, huge and bright planets, or the 
sun wcjc being viewed. In such an event 
eveiy bright point on the object would 
appear to be suuounded by dillraetion 
eithei in the ioim ol stvaiglit streaks or 
an even spiead all aionnd the point, de- 
pending on the loiin of the suppoiting 
nbs whether straight oi curved, the dif- 
fraction always being at light angles to 
the pait of the rib which causes it and 
extending both ways from the image of 
the blight point. 

“These difh action images, no matter 
what form they have, would be dupli- 
cated all ovci and around a bright ex- 
tended object such, lor example, as the 
moon. This is liccanse of the infinite 
number ol bright points on the surface ol 
the moon, caclv one acting as a soiiicc 
and pi oducing one ol the dillraetion pal- 
tenivS at the imago plane. 

“Therefore, no matter what the dif- 
liaction pattern might ho lor an indi- 
vidual oliject, the combined effect of 
the.se overlapping pallcins would be one 
big blin ol scattered light overlying and 
extending beyond the image ol tlie 
moon. Since the total amount of dif- 
ii acted light is gz cater with curved than 
with straight iibs, it lollows that the 
scattered liglit would be brighter and 
would interfere more seriously with the 
clearness of faint markings when curved 
ribs are employed on extended objects 
such as the moon. 

“The only thing that could afford a 
woi thwhilc improvement on thin, 
straight ribs under tension would be to 
support the diagonal on an optically fig- 
med, nearly flat glass plate or correcting 
lens near the focus, or to lake the diag- 
onal entirely outside the cylinder of light 
as in the Herschel telescope or some 
other of similar type.” 

The curved secondary support gets rid 
of the spikes on stars but does not get 
nd of the diffraction. This fact was 
pointed out in Amateur Telescope Mak- 
ing— Advanced on page 620. 


■pHOTOGRAPHS of terrestrial objects 
the sun and moon, says Lyle T 
Johnson of La Plata, Md,, may easily b' 
Taken with any camera and any tele 
scope. Johnson’s method is merely h 
open the camera diaphragm, focus th 
camera at infinity, hold it almost in con 
tact with the telescope eyepiece, an( 


snap the cameia shiittei. “I have been 
doing this loi yeais,” he writes, “but 
found sometimes that the photographs 
weie out oJ locus, especially when using 
a shoit-focus mirror m the telescope. I 
llien siumbled on the idea of looking 
through the telescope with a small tele- 
scope .such as one side of a binocular, 
previously focused independently on a 
distant object, and adjusting the eye- 
piece of the large telescope.” 

Explaining the principle involved, 
Johnson slates. “The large telescope 
must m some way be brought to such a 
locus tliat the light emerges from its eye- 
piece in parallel lays, that is, at infinity. 
Unloi tunately the eye, becau.se oi its 
jMiwcr ol accommodation and defects if 
any, docs not affoid close estimate ol the 
corioct infinity focus ol the telescope. 
But when a telescope has been locused 
on a distant object the light ray.s enter- 
ing it b om a point source must ])c paral- 
lel Ol very nearly so to give a sharp 
linage. Now if this small tele.scope, pre- 
viously focused, IS placed between the 
eye and the eyepiece ol the large tele- 
scope, the indefinite accommodation fac- 
toi of the eye is eliminated ” 

When taking the picture the ins dia- 
phragm of the camera should be opened 
wide so that no part of the Ramsden disk 
of the telescope will be cut off. Theo- 
retically the Ramsden disk should be in 
the center of the camera lens, but this is 
not important. 

Of course, if the camera has a ground- 
glass focusing scieen the use of the 
auxiliary telescope as described above 
may be dispensed with and focusing 
done directly, since the accommodation 
ol the eye will no longer be a factor. 

I E IN a knife-edge mirror tester the 
knife-edge is on the left and the pin- 
hole or slit is on the right, and the right 
eye is used at the slit, tlien the sciew that 
moves the knife-edge is likely to be 
found under the chin or even trying to 
occupy the same space as the chin. Allyii 
J. Thompson of New York writes that 
when making a tester, he discovered this 
inconvenient anatomical fact too late. 
He says: “I wish now that I had thought 
to keep the knife-edge stationary (except 
for the ti*ansverse motion) and move the 
sUt, which would be more comfortable. 

I won’t change now, but perhaps you 
could pass along the idea.” 


WAR SURPLUS BARGAINS 

ASSEMBLE YOUR OWN BINOCULARS 
Save More Than Vz Regular Cost 



GOVT’S 7 X 50 
BINOCULARS 

Complete Optic<3, com- 
plete Motal Parts \c?\v 
.ind 1 oadv fot assemhly 
We supply full instruc- 
tions 

IWETAi. PARTS— Set in- 
cludes all Metal P.uts— 
completely finished for 
asseinhly of 7 '50 Bin- 

oculus No machining 
io(|uiietl A &tuidy Bm- 
oeulai C*ai lying Ca&e is 
ofil I nal with eatli set 
of Met.nl Pm ts 
Stock it 842-5— $39 40 
Postpaid, plus $4 80 
loi Case— Total $44 20 
OPTICS — Set includes all 
Lenses and Prisms voii 
need tor assemhling 7 v ,'30 Bmoculais. These aie in es:cel- 
lent condition— i>erfoct oi men -perfect — and have new low 
ipflection coating 

Stock 4tS102-S— 7 X 50 Optics . . $2S 00 Postpaid 

•These aie stand.iul Ainei ic in-mado paits , not Jap 
anese, Piench oi Oejinati j 

NOTICE' If you buy both Binocular Optics and Binocular 
Met.ll I aits, add Fodoial Excise 'fix to above prices 

Also Govt. 6 X 30 Binoculars, Write for Catalog “S" 


MOUNTED ANASTIGMAT LENSES 

ITse foi Pioiectors, Inlaigeis, Copying C.'imeias Com- 
plete v\ith ShuUei and Ul.iphiagm Value alnmt $20 An 
cxiellent buy WL WILL INCT EOE ITU E JLIUSTUXTED 

Booicrr.r on now ro make \our own lnlargek 

stock t]:8004-s Speed f/7 7, focal length appiox 127 
nitns SuiLihle loi pictuies, lies itives, iiositivei. iij) to 
n j" X 11 j" S 7 50 Postpaid 

Stock #a006-S Sjieed of f/7 7, focal length appiox 
lOi) nuns Suitable ioi piituies, ide , un to Ji j" x 
'l" $8 SO Postpaid 

Stock ttSOOT-S Speed of f/G 3, focal length apptox 100 
mms , S 9 so Postpaid 

SLIDE PROJECTOR S ETS— Consists of all unmounted lenses 
you need to m.iko the following sire piojectois 
Stock #4038-5—21 j" x 21 i" $3 35 Postpaid 

Stock #4039-5—21 V' X 3 Vs" $3.35 Postpaid 

Stock #4029-5— L5 mm $2.85 Postpaid 


MOUNTED PROJECTING LENS SYSTEM 

F r. ‘H 14mra (just lU'ht foi 35mm Ptojcctms), Speed 
(d I* 1 n Outsule dm ol mount at one end (iOmm 
l.eiwth of nunmt Glmm 

Stock #4033-5 $3 00 Postpaid 

THREADED OUTSIDE MOUNT FOR FOCUSING 
above SYSTEM 

Stock #715-S . $1 00 Postpaid 

We have Literally Millions of WAR SURPLUS LENSES 
AND PRISMS FOR SALE AT BARGAIN PRICES 
Write for Catalog "S" — SENT FREEl 


EDMUND SALVAGE €0. 

P. O. AUDUBON, NEW JERSEY 


EVERYTHING 
FOR THE AMATEUR 

TELESCOPE 

MAKER 

Precision Workmanship 
Quality Supplies 
Money Back Guarantee 

KITS^ — Our Specialty 

Complete 6" Kit $5.50 up 

Pyrex Kit, 6 ",, $7,50 up 

Other Sizes Proportionately Low 

PYREX MIRRORS 

Made to order. Correctly Figured, Pol- 
ished, Parabolized and Aluminized, 

ALUMINIZING 

WE GUARANTEE 
A Superior Reflecting Surface, 
Optically Correct Finish. 

Will not Peel or Blister. 

LOW PRICES 
• 

MIRRORS TESTED FREE 
PRISMS— EYEPIECES 
ACCESSORIES 

FREE CATALOG 

PRECISION 

OPTICAL SUPPLY CO. 

1001 EAST 163rd ST. 

New York 59, N. Y. 
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veisity Press, 1947. 

ROGKPITS 

Roc;KE'rs and Space Tua\'EL. Willy 
Ley. Viking, 1947. 

Rocket Dfaelopment. R. PL God- 
daid. lYentice-Hall, 1948. 

The CknvHNG Age of Rocket Power. 
G. Ed waul Pendray. Plarpcr, 1947, 

PLANl^ HORMONES 

PIORMONKS A N D HORTICULTURE. 

George S. Avery. McGraw-Hill, 1947. 

Phytohormones. F. W. Went and 
K. V. Thimami. Macmillan, 1937. 


tpie nature of dreams 

Man for Himseiac Eiich Fromm. 
Rinehart, 1947 

The Basic Writings of Sigmund 
Freud Tumslatcd by A. A, Brill. The 
Modern Libiary, Random House, 1938. 

Integration of the Personality. 
Carl G. Jung. Faiiar and Rinehart, 1939. 

LIVING RECORDS OF THE ICE 
AGE 

Foundations of Plant Geography. 
Stanley A. Gam, Harper, 1944. 

Glacial Geology and the Pleisto- 
cene Epoch. Richard Foster Flint. John 
Wiley, 1947. 

THE ATHABASKA TAR SANDS 

Development of Athabaska Oil 
Sands. Max W. Ball in the Canadian In- 
stitute of Mineralogy and Metallurgy 
Transactions, Vol. 44, pages 58-91; 
1941. 
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CARE 
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I N France . . , in Italy ... all ovei Einopc and Asia . . . ihcre arc 
people who need your help. Men, women, childicii who aie poorly 
clothed and poorly fed. Hunger and diweasc arc‘ widespiead. Tiie 
Marsliall Plan is slowly relmilding foicign economies. Bnl recon- 
struction takes lime. Thousands need youi aid right now? 


Y OU can help through CARE (Cooperative for American 
Remittances to Europe, Inc.), a non-prohl, govcrnniout-ap- 
proved agency of 26 major American welfare groups. CARE assein- 
hles food and clothing textile packages, guarantees tJicir delivery 
overseas, all at one flat fee — $10. Send CARE packages to relatives 
and friends. Send them to needy atrangcis — CARETS menihcr 
agencies will select someone you will J)e glad to help. 


C ARE lias a new 22l/^-poaud standard foo<] iniekage, recently 
iiniiroved to contain more meals, more fats, more switHs. OiIkm’ 
Care packages are: British, Greek, Italian, Oriental, koshei food 
assortments; infant or baby food; baby layette; knitting wool; wool 
Iilankcts; household linens; wool suiting, witli the sewing acces- 
sories to turn it into warm clothes. Just mail your order — CARE 
does the rest! 



Deliveries lo; 


New Food Package: 


Belgium 
(’zeehoi»lo\ akla 
Finland 
Prance 

Germany (Aiuerlcan, 
Britihh, French 
xonei. td\ Berlin) 
Greeee 


Great Britain (Engiimcl. 
Scotia nil, Wales, 
Northern Trelfliul) 
Hungarj 
Italy 
Japan 
Korea 

N ether! anil*. 

Oklnatta 

Fdland 


1 II) Beof in Beef Broth 

1 11) Steak aitc! Kidnex 
Vi lb ('orned Beef Lonf 
% U). Tiuer Loaf 

11), Bacon 
% 11). Prem 

2 Ibh Margarine 
1 lb Snift‘ning 

1 ib Apricot Preicrt es 
1 lb HoneN 


1 11). llflislns 

1 11) Chocolato 

2 lbs Sugar 

V& II) Keg Po\\cler 
2 lbs. Milk Powder 
2 lbs. Coffee 

1 lbs. Flour 

2 lbs. Bice 
12 oz Soap 


CARE • 50 Broad St., Ne^ York 4, N. Y. 
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You 



Can 

Keep 

Him 

Smiling! 


I N MANY COUNTRIES TOD\Y there are children wilhonL eiiou^li to eal, wilhoiil adeqiiale cdothing. 

Theie are llioiisandrf of men and women whose di earns of peace and freedom aie mocked by 
want. They can’t wait for the long-range governmeiiL programs linaiieed by the Maisball Plan. 
They need help NOW. How^ their smiles sparkle, when (^ARE ]>aokages from America arrived 
CARE brings food, brings clothing, biings other basic supplies. Rut no one can gel (^ARE })ackages 
unless YOU give ibem! 

Send (.ARE 2 )ackages to friends and relatives overseas ... to needy families and institn lions 
chosen by CARE’s 26 member welfare agencies. Or send a donation in any ainounL, for CARE’s 
general-relief fund. Non-profit, government-approved (^ARE (Cooperative for American Remittances 
to Europe) sends the most for your money. Delivery is guaranteed in each CARE country in Europe 
as well as Japan, Okinawa and Korea. CARE standard food and clothing-textile packages cost $10 
each. For other packages, other prices, and a list of countries, write for CARE’s information folder. 



Send Your Order 
Or Contribution to 

delivery guaranteed 


50 BROAD STREET, NEW YORK 4, N* Y, 





Superseiisilive electron tube, developed by RCA, makes possible 
more accurate measurement of minute vibrations. 


C ^/7 a /foase//^ a 6oarc/ Source ? 


Surprising though it seems, a fly— 
when it lands on a board— causes 
distinct vibrations. They can be 
detected by a remarkable new 
RCA electron tube. 

Slimmer than a cigarette, and only 
half as long, RCA’s tube picks up vi- 
brations with a pin-sized shaft— and 
these vibrations may then be con- 
verted to visible or audible signals. 
More important, the new tube can 
be used to make measurements of 
tlie degree of vibration. 


Scientists predict many practical 
uses for this electronic transducer. 
Airplane designers can hitch it to 
engines or whirling propellers and 
locate vibrations which might lead 
to trouble. Oil men can use it to 
measure the sound waves with 
which they scout for oil. 

And your smooth-rumiing automo- 
bile of the future may be an even 
better car when the facts gathered by 
RCA’s new tube are put to work. 


Another RCA 

This, the first electronic trans- 
ducer , is only one research achieve- 
ment pioneered at RCA Labora- 
tories. Such leadership in science 
and engineering adds value 
beyond price to any product or 
service of RCA and RCA Victor. 

Examples of the neioest developments in 
radio, television and electronids can he 
seen at RCA Exhibition Hall, 86 West 
49th St., N. Y. Admission is free. Radio Cor- 
poration of America, Radio City, N. Y. 20. 
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BLACK LIGHT 

Ideal for the study of minerals Observe the 
colors of fluorescent materials under the 250 
Watt Purple X Lamp (Black Light). Why do 
white onions fluoresce a pink and the roots a 
snow white’ Potatoes fluoresce a milky blue and 
the peelings are wholly negative. These results 
and many more are obtained under the same 
lamp Minerals from different parts of the 
country give off different 

colors. Get a Black Light ONLY $2 00 


and 3 brilliantly fluores- 
cent minerals for 


express collect 


POLAROID 


Experiment with polarized light ^ettwo pieces 
of 2" X 2" genuine Polaroid film that can be 
used 
Ph\. . 
physics, 


j. X 4 genuine poiaroio Turn inai can oe 
ed in photogra- 

by. petrology, PR'CE posT- 

lysics, chemistry, etc PAID 


ALNICO 

Amuse your friends with magnetic tricks and 
stunts, Study lines of force with these powerful 
Alnico Magnets Instructions included 
4 oz. horse shoe 8 oz horse shoe 

magnet lifts 5 lbs for magnet lifts (0 lbs for 

$1.00 Pgd. $1.50 ppd 

Bar magnets SOc per set. Small bar magnets at 
20c and lOc per sot. 


COMPASS 

Famous make pocket oompass made of durable metal, 
accurate, easy to read T diameter with unbreakable 
crystal 7S^ postpaid. Excellent for Campers, Tele- 
vision Installers, Magnetic Experimenters, 

GYRO-TOP 

Demonstrates the principle of the gyro-compass.* A 
source of entertainment and scientific facts for all 
ages. Complete with accessories ^25 postpaid. 

TELESCOPES 

5X telescope $2.00 8X telescope $7.50 

POCKET MICROSCOPE 

See for yourself with this fascinating pencil size 
microscope. Clip it on to your pocket and you'll be 
proud to own this amazingly powerful pencil size 
microscope, ideal for people in all walks of life. 
Whether yoit're an engineer or just a hobbyist you'll 
marvel at the way objects appear under this wonder- 
ful microscope. Holds unlimited fascination for both 
young and old Heplaces costly instruments. Magnifies 
20iX Instant focus Excellent wide Held. Aluminum 
body beautifully satin finished. Hundreds of uses. 
Makes handy inspection instrument. See ea 
for yourself. Order today „ $2.50 

Used by^ engineers, engravers, scientists, students, 
hobbyists, bankers; Inspectors, mineralogists. 

POCKET MAGNIFIER 

f Diameter 1%"', 3*4 power. Pivoted leather slip cover 
ease/ Home, shop and business use. Stamps/reading. 
gardening. Price .... 75^ 

ROSS 

L^BomttirY A^partffus 
70 'iNleWf Yortt' 




Sirs : 

With regard to Peter van Dresser’s re- 
view of Dr. Robert H. Goddard’s Rocket 
Development, which appeared in yom 
April issue, I would like to point out the 
following: 

Dr. Goddard was a doer. His interest 
was m making rockets work, rather than 
m speculating philosophically about 
them. And though he contributed the 
basic ideas on which others have specu- 
lated, his greater accomplishment was in 
laying the entire groundwork for oui cur- 
rent understanding of rockets and their 
performance. It is cm ions that Mr, van 
Dresser seems disappointed that Dr, 
Goddard did not also find time to write 
books. 

Dr, Goddard’s fiist paper, A Method 
of Reaching Extreme Altitudes, ‘ pub- 
lished by the Smithsonian Institution in 
1919, was the stimulus for the astonish- 
ing interest in lockets and interplanetary 
flight that appeared during the ’2()s in 
Europe, particularly m France, Ger- 
many, Italy and Russia. Heimann 
Oberth, of whom Mr, van Dresser speaks 
with admiration, published his book 
Wege ztir Raumscliiffahrt after a coiie- 
spondence with Dr. Goddard in 1922. 
Wege zur Raumschifalirt was published 
iu 1923. 

Mr. van Dresser suggests that some- 
how Dr. Goddard, though undoubtedly 
the ‘"fatlier” of modern rocketry, really 
had very httle effect on current world- 
wide rocket developments. This is of 
course contrary to any simple observa- 
tion of the facts. Dr. Goddard’s influence 
was not transmitted through books, hut 
through his patents, his confidential re- 
ports to the U,S. Navy and Army over 
a period covering two world wars, his 
reports to The Daniel and Florence 
Guggenheim Foundation, which sup- 
ported his work, and the information 
he made available to licensees of his 
patents. More than ISO patents and 
patent applications m the field of rockets 
and jet propulsion bear Dr, Goddard’s 
name, and are influencing rocket and jet 
developments continually. 

There is, moreover, a group of men 
who were imtiated to rocketry and 
trained under Dr. Goddard, who have 
had^ and are haying, a prpfound influ- 
bn the development of the tocket 
art. Oiie of these outstanding men was 
tor. lO. ;N. l^cJc^an, the BeE tele- 


Dr. Goddard during Woild War I, and 
who launched the whole American mili- 
tary program of dry-luel rocket develop- 
ment which rose to such tremendous 
impoitance during Woikl War II. 

Another gioup of Goddard- trained 
men are currently at work in the Cald- 
well plant of Curtiss-Wi'jght, developing 
locket engines which carry out Dr. God- 
dard’s piineiples, and are licensed under 
his patents. One of these new develop- 
ments, a lineal descendant of die God- 
daicl rocket motors, is die engine foi the 
XS-2 siipei sonic experimental airplane, 
the approaching completion of which 
was announced recently by that coni- 
pany. 

It is true that Dr. Goddard was a reti- 
cent man. He might have made faster 
pi ogress othci wise— and again he might 
not. Foi 111 the period when Dr. Goddard 
did his greatest work his reticence, how- 
ever annoying to some of us younger 
bloods who were trying to learn some- 
thing about rockct.s, probably helped 
him concentrate lully on die problems at 
hand, and conserved llio energies which 
he SC) singlc-miiidcdly poured into his 
work, 

At any latc, the fact remains that he 
was able by 1940 to develop rockets 
which contained virtually all of the de- 
vices and inventions later used by the 
Germans in their V-2s. Befoie 1940 


liiluai’y binders to prosene issiic«i of llie new 
SufeNTini. AMinKAN iniiv lie oblaiueil by wnling 
SlI:I,^TIrI( AMFnirAN, 24 West 4()ih Street, New 
Yoik 18, N. Y Each ImiOei, covered with dark 
green Fabnkoid, will bold 12 ifesuea of the 
htiEwnrit. AMcmfAN. Puce §2,50 
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June 28, 1879, under net" of March 3, ,1879. Addi- 
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Goddard had shot pump-diiven, jet- 
steered, gyro-controlled rockets with 
fair expciimental success— rockets which 
weie smallei but otherwise suiprisingly 
like the later lockets with which the 
Germans weie to staitle the woild. There 
is good evidence— in addition to state- 
ments by some of the German engineers 
now m this country— that Dr Goddard’s 
work was closely followed by the Ger- 
mans, and that they put to good purpose 
the information so obtained. 

It is nonsense to say that the material 
in Rocket Development has only his- 
torical or “antiquarian” significance. Dr, 
Goddard pioneered such current rocket 
ideas as ti'anspiration cooling, swiveled 
motors, liquid-fuel jet-assiSted takeoff, 
guidance of rockets by vanes in the jet, 
and tlie like. His expeiimental notes, as 
published m this book, and his rockets 
now on exhibit at the Smithsonian Insti- 
tution in Washington, contain innumer- 
able suggestions for engineers working 
in tliese areas, and for those working in 
many others. 

G. EDWARD PENDRAY 
New York, N. Y. 


instantaneous 
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I recordings of voltages, pressures, strains, 

' vibrations and countless other phenomena! 





ink on paper recordings by Brush Oscillo- 
graphs make their use almost unlimited! 



Sirs 

I have just read the very fine article 
on aiireomycin in the April number of 
Scientific American. May I call your 
attention to a very common error just 
lor your own information? 

I have recently returned from Aiis- 
ti*alia after presenting a paper on the 
epidemiology of Q fever before the Sev- 
entli Pacific Science Congress in Christ- 
church, New Zealand. While hi Aus- 
tralia, Dr. Derrick, who first recognized 
this new disease in man, and Dr. Burnet, 
after whom the causative organism was 
named, both assured me that ‘"Q” was 
not for Queensland but rather for 
Query. The statement you made has so 
frequently appeared in American scien- 
tific literatuie that it is no wonder you 
also made it. 


GORDON E, DAVIS 

Rocky Mountain Laboratory 
Hamilton, Mont. 


Sirs; 


The April Scientific American has just 
arrived, and as I expected, there would 
be something about Russell Porter. That 
biographical sketch is a masterpiece. I 
am sure Porter himself would love it, 
and we are all indebted to you for bring- 
ing to us the life story of a man uni- 
versally loved and respected. 


C. O, LAMPLAND 


towel! Observatory 



A.C.orD.C 


signals can be measured. Whenever desired, record- 
ings may be stopped for notations on chart-paper ! 


INVESTIGATE Brush measuring devices before you buy . , . they offer more 
for your money. Why not have a Brush field engineer call? At no obligation, 
of course. Just calf or write, today, you will find it worth a few seconds' time I 
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DEVELOPMENT CO. 


34DS Perkins Avenue • Clevelind 14, Olii*, U. S. A< 
MASNETIC RECORDINfi DIVISION . ACOUSTIC PRODUCTS DIVISION 
INDOSTRIAl INSTRUMENTS DIVISION « CRYSTAL DIVISION 


CiPnOitf Ion R,epre»enfofiye : A. C. Wickn^anj (Cajiada) ltd., Ov, Box 9. S.|aAioii N. TorookO 'Sd' 



J UNE 1899. '‘The development of 
lapid tiansit in Greatei New York 
has been greatly stimulated by the 
passage of the bill authorizing the con- 
struction of a railroad tunnel from 
Brooklyn to the lower end of Manhattan 
Island. The present schemes contem- 
plate a through route from an under- 
ground terminus in lower New York to 
connect with the extensive suburban 
railroad system of Long Island, It is also 
proposed ultimately to extend the tunnel 
iDeneath the Hudson River to connect 
with die Pennsylvania Railroad terminus 
in Jersey City/' 

"The Royal Institution of Great 
Britain, in commemoration of its cen- 
tenary, has elected a number of Ameri- 
can honorary members. The list includes 
Dr. Samuel Pierpont Langley, Secretary 
of the Smithsonian Institution and Prof. 
A. A. Michelson, of Chicago.” 

"The fastest speed for a long-distance 
journey was that accomplished by the 
winning caniage in the recent automo- 
bile race from Paris to Bordeaux, when a 
petroleum-driven candage covered the 
distance of 353 miles m 11 hours 43 
minutes and 20 seconds, an average 
speed of 30 miles an hour. This was a 
truly sensational performance. By sacri- 
ficing everything to power it is quite pos- 
sible to build an automobile that will 
cover a straightaway mile at the rate of 
60 miles an hour; and it has recently 
been reported from Em’Ope that this 
‘ speed has been attained more than 
once,” 

"The coal production and consump- 
tion of the world during die past 15 years 
are presented in some tables just pre- 
pared by the Treasury Bureau of Statis- 
tics, These show that while the United 
Kingdom is still the largest coal producer 
of the world, the United States is a close 
second, and if the present rate of gain is 
eontinuod, will soou become the leading 
coabprodncing country of the world” 


. a large international con- 




m 100 mu /too 


die alcoholic beverages, but it is chemi- 
cal substances that produce the yeast- 
cell and cause fermentation Since 
chemistry is continually becoming more 
perfect and productive in the field of 
synthesis, it is to be expected with cer- 
tainty that in future this isolated chemi- 
cal ferment will also be produced arti- 
ficially." 

"In the war of the Crimea, with 
1,460,500 tioops, theie were killed in 
battle 53,870; died of wounds, 66,600; 
died of disease, 492,000. In the Ameri- 
can war of 1861-5, in the Northern army, 
there took the field 2,336,000 troops; 
there were killed in battle 44,240; there 
died of wounds 34,006; there died from 
disease 149,240. In the Americaii-Span- 
ish war there took the field 274,717 
troops; there were killed in battle 293; 
there were wounded 1,577; there died 
from disease 2,619.” 

"Prof. Dewar’s success in liquefying 
h)'drogen is bearing fruit. A company 
has been formed with a capital of 
$150,000 to determine whether steel can 
be cast in a vacuum or not. It is hoped, 
if the plan is successful, that the air 
bubbles that now cause flaws and weak- 
nesses will be done away with, and that 
the metal which is produced will be won- 
derfully homogeneous.” 


decay and subsequent revival in succes- 
sion, the hardest rock, upon which not 
even a blade of grass could grow, be- 
comes covered in the course of years with 
a stiatum of feilile soil, supporting the 
most luxuriant trees.” 

"Professor Schuinachei, Altano, an- 
nounces by a circular of the 11th of May 
the discovery of another new planet. It 
resembles a stai ol the 9th or lOth mag- 
nitude. The motion of the planet was 
retrograde, and it was approaching the 
equator. This is the ninth new body (in- 
cluding planets' satellites) which has 
been added to the solar system within 
the last four yeais.'’ 

"From what prior condition must we 
imagine the present solar system to have 
been evolved, in oi der that it may con- 
tain the arrangements and dis]:)ositions 
we have seen in it? The solar system may 
liave come into being out of some nebu- 
lous mass, whicli has gradually con- 
densed according to the simple law of 
gravity. In order to understand what may 
have taken place, we must follow the 
condensation of this nebulous mass, and 
enquire what, according to known laws, 
would take place; we find that our sys- 
tem is just such an one as must result of 
necessity from laws acting under those 
circumstances.” 


J UNE 1849. "Ml. E. Jordan, of West 
Cummxngton, Mass., has made an 
impiovement on the Fountain Pen, 
whereby the ink is supplied continually 
in the same quantity from the fountain 
independent of the quantity in the foun- 
tain. If there is any ink in the fountain 
at all, it will be transmitted to tlie pen 
in a gradual even stieam.” 

"Congress has made an appropriation 
for an expedition to determine the paral- 
lax of the planets, by observations on 
Venus and Mars, made at places situated 
north and south of tlie equator. The tele- 
scope has been completed and the result 
is in the highest degree satisfactory.” 


"There is a great amount of electricity 
produced by the interior processes of the 
human body, but how much none can 
tell, as only a small portion can appear 
in a free state on the surface. The juices 
of the flesh or muscle are constantly acid 
while the blood circulating through the 
arteries or veins, is alkaline. An acid and 
alkali with a membrane between them, 
are capable of causing a current, the acid 
being positive and the alkali negative, so 
that the blood would from this cause 
have a negative charge and the flesh a 
positive charge.” 


"If a magnet be made very powerful 
by means of a galvanic battery, all sub- 
stances whatever, if made into bars aud - 
suspended over it by a delicate thread, 
will point either to the north and south 
poles or else in a direction equally be- 
tween theiii, that is, east and west; Gold 
and silver point in this latter directiou* 

^ do^mapy others. This has lately 

^ ‘ hthuble aad^ ihsi^iiifi- been d^spov^ed by Fjaraday in IltOndofi, 

' ^ active ag^nt.hx; some pi ^ iwho'h^ hampd-Ae 


"Patent granted to A. Lincoln of 
Springfield, Ills., for improved method of 
lifting vessels over shoals, May 22, 
' 1849 .^' ' 
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Above is a coaxial circuit 
crystal in its glass enclosure. 
At right the crystal is shown, 
3}4 times actual size, with 
connecting wtre^ soldered in 
position. Weights on wires 
reflect energy back into crys- 
tal, so cut losses. 












is a rugged electrical connection to 
the surface of the crystal which does 
not interfere with its vibrations. 

Sealed in glass tubes, the crystals 
are precise and reliable performers m 
the telephone system. Each is a crystal 
gate to a voiceway, separating your 
conversation from the hundreds of 
others which may be using a pair of 
coaxial conductors, at the same time. 

This spot of paste, this tiny wire, 
this puff of air are among the tremen- 
dous trifles which concern Bell Tele^ 
phone Laboratories in finding new 
ways to improve your telephone service 

BELL TELEPHONE LABORATORIES 

EXPLORIHG AND INVENTING, DEVISING AND PERFECTING, FOB 
CONHNtJED improvements AND ECONOMIES IN TEIEPMONE SERVJCi ' 

i' ‘ ' ' ' ' , ' ' ' ’ '' '' ‘ '' ' ^ f 



How would you solder a wire to a 
crystal? This must be done for most 
of those wafer-thin plates of quartz 
used in electrical circuits. They play 
a big part in the myriad^channel tele- 
phone system that utilizes coaxial 
cables. 

This is how Bell Laboratories sci- 
entists solved the problem: A spot of 
paste containing silver is deposited on 
the crystal and bonded to it by oven 
heal. The crystal is then vapor-plated 
with a thin layer of silver. Then a fine 
wire is soldered to the spot by a con- 
centrated blast of hot air* The result 





A.„e„ Tele^ope Matin, 

^ 500 pages, 316 Iliustrafions 

$5.00 postpaid, domestic; foreign $5.35 

Amateur Telescope Making Advanced 

J ' , ' ''',] ^>50^ pa^es^, '36i^^'lll'ustrations , 

'; ""V' • ^<>re'‘gn' $^35 - 

IWesi: 40, th', Street, N. Y, 18 


THE COVER 

The pointing on the cover reproduces 
a part ol a painted limestone bas- 
rehcl on the tomb of the Pharaoh 
Haimhab, a lulcr of the 38th Egyp- 
tian dynasty who lived around 1350 
B.C. The bas-reliet shows a group of 
Negro captivCvS guarded by Egyptian 
soldieis {see page 40), The standing 
figures who bear clubs are the guards, 
At the right a scribe keeps tally of the 
prisoners. The hieroglyphs at the up- 
per left are part of an account of the 
capture of the prisoners. Plarmhab 
was a soldier who, although he was 
not m the royal line, attained the 
throne, married a princess and carried 
on numeious military expeditions in 
surrounding countries. Among his 
booty were the captives depicted on 
his tomb. In ihivS type of bas-relief, 
the background was not chiseled 
deeper than the iiguics. Deep lines 
were cut into the stone to outline the 
figures and give them depth. The 
faded earth pigments now remaining 
on the carving have ])een restored in 
the painting to their original bright- 
ness. This bas-relief is now in the 
Museo Civico of Bologna, in Italy. 
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Bausch & Lomb Refractometer 


WRITE for complete information and a demonstration to 
Bausch & Lomb Optical Co., 781-F St. Paul St., Rochester 2,N.Y. 


NEW throughout, from base, housing, 
and eyepieces to thermometer . . . the 
new Bausch & Lomb “Abbe- 5 6” Refrac- 
tometer brings you many new exclusive 
design features . . . for easier, lower cost 
operation . . . for more accurate readings. 
In addition to the four important per- 
formance advantages shown at the right 
there are advanced-design features in the 
telescope system, operating mechanism, 
prism cement, thermometer stand, and 
finish. And, with all these new advance- 
ments . . , there is no premium price tag. 


NEW! Streamlined 
housing protects scale 
and its moving parts 
from dust, dirt, damage* 


NEW! Illuminated, in- 
ternal glass scales (re- 
fractive ttidoixand sugar 
percentage). 


NEW! Extra, easily in- 
terchangeable prism 
set available. No lost 
time for prism recon- 
ditioning. 


NEW! Inclined, fixed- 
position eyepieces 
mounted close together 
for reading comfort. 




What GENERAL ELECTRIC People Are Saying 


E. E. JOHNSON, 

Manager of Engineeiing, Apparatus 
Department 

Alloy Reseakcii: The average 
steam turbine in use 25 years ago 
required the burning of pounds 
of coal per kilowatt-hour at the 
switchboard. Today the average is 
1}/^ pounds oC coal, and our best 
turbine-generator requires only 
poxind. 

This has been the result of much 
painstaking work by many people, 
particularly in the held of high- 
temperature, high-strength alloys. 
I have confidence that the trend 
will continue because, in the case of 
metallurgy alone, fundamental re- 
search in the structure and forma- 
tion of alloys is being pursued in- 
tensively , . . Indications today are 
that we shall be able at least to 
double the strength and ductility of 
steel alloys and at the same time use 
a lower percentage of critical mate- 
rials than has been necessary up to 
the present . . . 

A well-plaimcMl program which 
will cover a period of years has been 
started, out of which should ct)me 
greatly increased knowledge of al- 
loying so that, for example, whereas 
we now design commercial gas tur- 
bines for an inlet temperature of 
1400 F, it should be possible in the 
next few years to raise this tempera- 
ture appreciably, with attendant in- 
crease in turbine efficiency. Like- 
wise, steam boilers and steam tur- 
bines which now have a practical 
upper limit of temperature of 1050 
F may in the next few years be 
operating at temperatures consid- 
erably higher, axtd this would mean 
a greater saving of fuel to our 
country. 

San Francisco Electric Club^ 
Maich 21 > 1949 

★ 

R. W, PORTER, 

Aeronautic & Ordnance Systems Divi- 
sionsf Apparatus Department 

Rocketry; Our job in 1949 — and 
I’m afraid for several years after 
that — is to take the '^magic” out of 
rocketry. However, I’m glad to be 
able to report that real progress is 
being made. 

Theoretical values of specific im- 
pulse have been calculated for most 


of the interesting propellant com- 
binations. Tests show that we can 
expect to obtain at least 90 per cent 
of this performance in practical 
motors. Experience in making and 
handling propellant materials is 
being accumulated rapidly, espe- 
cially in the case of liquid hydro- 
gen, metallic hydrides, fluorine, and 
hydrazine. 

Test facilities have been built 
capable of testing rocket motors 
rn^ny times larger than the V-2. Be- 
cause of the terrific temperatures 
involved, the matter of heat trans- 
fer is vitally important, and here, 
too, some progress is being made, 
both in understanding the phenom- 
ena and in designing the motor so it 
will run cool. 

Information about the perform- 
ance of electronics equipment under 
missile flight conditions, and about 
the nature of the upper atmosphere, 
is being gathered by frequent flights 
of the German V-2’s, Aerobees, and 
other Lest vehicles. At least half a 
dozen sizeable supersonic wind tun- 
nels will go into operation this year, 
and wc will begin to use new mathe- 
matical machines capable of han- 
dling the complicated equations of 
missile flight dynamics. 

Yes, we’re really getting started. 
But it will be a long time before a 
rocket engine can be designed from 
a handbook like a motor-generator, 
or a supersonic missile with the 
certainty of a radio set. 

Eta Kappa Nu, 

JSew York, N. Y. 

January 31, 1949 

★ 

W. C. WHITE, 

Electronic Engineer, Research Laboratory 

Electronics Start: General Elec- 
tric’s entry into the electronics field 
and the many benefits which have 
accrued therefrom are a good ex- 
ample of serendipity.* Dr. Irving 

* The gift of finding valuable or agreeable 
things not sought for. 


Langmuir, shortly after 1910, began 
an investigation to promulgate the 
basic physical laws underlying the 
many relationships that exist be- 
tween the properties of an incandes- 
cent tungsten filament in a high 
vacuum. This involved relation- 
ships among current, voltage, length 
and diameter of filament, its tem- 
perature, and the loss of energy 
through radiation per unit of area. 

Somewhat before that time Pro- 
fessor 0. W. E. Richardson of 
Princeton University had published 
the results of some experimental 
work on the election emission from 
tungsten in a high vacuum. This 
appealed to Dr. Langmuir as being 
one of the properties of a tungsten 
filament and that it probably should 
be included in his information avail- 
able on the subject. His experi- 
mental work to confirm and amplify 
the results of Professor Richardson 
led to the thorough understanding 
of what we now call the space - 
charge effect and the mathematical 
relationships involved. Ilis work 
thus provided a sound engineering 
basis from which high -vacuum, 
thermionic-cathode electron tubes 
could be designed. That work put 
General Electric into the field of 
electronics . • • 

Colgate University, 
October 12, 1948 


27 Years Ago 

Electrical Age: We call this 
the electrical age, but it isn’t. 
The electrical age has scarcely be- 
gun. When it comes, electricity 
will do for everybody all that it 
can do for anybody. And it will 
do innumerable things of which 
we have never dreamed. For the 
electrical age is yet to come. It 
will be a great age. 

Charles P. Steinmetz 
1922 


hfOM. can. fisd tftuM, in — 

GENERAL A ELECTRIC 










T he "giant*' electron tube shown 
above is made in the Lancaster, 
Pennsylvania plant of the Radio Cor- 
poration of America. Said to be the 
largest forced-air-cooled radio trans- 
mitter tube yet made, it can send 
radio waves around the world. Capa- 
ble of handling an input of 100,000 
watts, this tube requires exceptional 
engineering and manufacturing skill 
for its production. ^ 

The "midget** tube is an electronic 
relay to replace mechanical relays in 
International Business Machines. As 
many as 300 of these tubes are used 
in some IBM accounting machines. 
A notable aduevement of electronic 
engineering, they cut down the heat 



factor and permit faster machines of 
more compact design, 

The higher the vacuum in electron 
tubes, the better they work, and the 
longer they serve. DPI high vacuum 
pumps have been built into ingenious 
production line machines designed by 
RCA engineers to exhaust electron 
tubes to high vacuum at greater speed. 

New ways of using high vacuum are 
constantly being discovered. In high- 
vacuum stills, materials once thought 
non -distillable are being fractionated 


— made into profitable commercial 
commodities. In high- vacuum cham- 
bers precious vaccines are given longer 
potency because of better dehydration. 
High-vacuum coaters are depositing 
metallic coating on wood, paper, cloth, 
glass, and plastics. 

Heads of businesses in all fields 
should learn what high vacuum may 
do for them— in making a better qual- 
ity product, in cutting costs, in con- 
verting waste materials into valuable 
commodities. We invite inquiry. 


DismiATioN PRODUCTS, Inc. 

751 RIDGE ROAD WEST • ROCHESTER 13, N. Y. 

Distillers of Oii-SToiujb/e Vifamina and Other Concentrates for Science and Industry; Manttfaciurers 

of High -Vacuum Equipment 
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TITANIUM DISCOVERED 
Back in 1791 an English clergyman, Wil- 
liam Gregor, who liked to stroll and think 
on the beaches of Cornwall, became curi- 
ous about the black sand he saw there. 
This gentleman of the cloth was also an 
amateur chemist and in this sand he dis- 
covered a new element. Almost coinci- 
dentally an Austrian named Heinrich 
Klaproth (also discoverer of uranium and 
zirconium) extracted the same thing from 
rutile and named it "Titanic Earth” for 
the mythical Titans. Hence our name 
Titanium. 

Thereafter titanium was found in vari- 
ous places including the Ilmen Mountains 
of Russia (ilmeniie) but although it is the 
ninth element in order of earthly abun- 
dance, it remained a mere laboratory 
curiosity until 1908. 

TITANIUM OXIDE 
At that time Dr. A. J. Rossi, expert in the 
reduction of metals, mixed titanium oxide 
with salad oil to make a white paint. In 
another 10 years a pure oxide was being 
produced which quickly won success as a 
pigment. Paint, false teeth, face powder, 
tires, shoes, glassware, textiles, inks, 
plastics, paper consumed an increasing 
tonnage of titanium oxide but still the 
pure metal was beyond industry's reach. 


TITANIUM METAL & 
NATIONAL RESEARCH 
Titanium is an affectionate metal, over 
lond of oxygen and nitrogen when at high 
temperatures. Even a fraction of a per 
cent of either makes titanium of little 
value as a structural material,'? Until re- 
cently there was no means of preparing 
titanium metal in a form sufficiently free 
of these elements to indicate any po- 
tential commercial value. Dr. W. J, Kroll 
of the Bureau of Mines has initiated 
many of the recent developments m ti- 
tamum rr\etallurgy by ffnding a means of 
preparing powdered titanium metal. 

Only by exclusion of these gases can it 
be kept from embrittling combinations 
and when Remington Arms Company, a 
Du Pont subsidiary, laid its plans to 
produce metallic titanium in cast and 
rolled shapes, they knew that at Na- 
tional Research Corporation they could 
find the knowledge of vacuum technique 
that they needed. 

The melting and casting of titanium 
was a natural for National Research We 
planned the process, designed the equip- 
ment and installed it. Today this Na- 
tional Research Corporation pilot equip- 
ment is handling the highest quality of 
commercial metal — not much compared 
with aluminum — nothing at all com- 


pared with sleel - but so promising that 
millions will he sp<nit by the industry 
wiLlnn a few years to increase the 
quantity and lower the price 

USES OF TITANIUM METAL 
Titanium stands fourth in abundance 
among the structural metals and there 
is plenty in the U. S. A Tremendous 
strength, light weight, and remarkable 
corrosion resistance (comparable only to 
that of the noble metals) is a unique com- 
bination. Coming at a time when long- 
sighted people are viewing our metallic 
resources with alarm, it has an assured 
future. With the price pulled down to a 
few dollars a pound or less, titanium will 
be of primary importance to manu- 
facturers of aircraft, automobiles, electric 
devices, gas turbines, superchargers, ma- 
rine hardware, rockets, optics, jewelry. 

WHAT NEXT? 

So, with the help of National Research’s 
high vacuum know-how, another ma- 
terial has been taken from the test tube 
to the factory. Where else can good men 
and ideas help — where can they help 
you‘^ At National Research the best m 
brains, organization, equipment, and an 
unequalled accumulation of unique ex- 
perience are available. 


INDUSTRIAL RESEARCH PROCESS DEVELOPMENT 
HIGH VACUUM ENGINEERING & EQUIPMENT 
Metallurgy — f Dehydration — Distillation Coating Applied Physics 

NATIONAL RESEARCH CORPORATION 

SEVENTY MEMORIAL DRIVE CAMBRIDGE, MASSACHUSETTS 

In tLc United Kingdom, BRITISH- AMERICAN RESEARCH, LTD, London S.W 7, England —Glasgow S W 2, Scotland 


I 


1 7 APR 1952 


SCIENTIFIC 

AMERICAN 


JUNE 1949 


VOL. 180, NO. 6 


NATIONAL 

HEALTH INSURANCE 


Tlie proposal now before Congress has generated 
more heat than light. What is it, and what are 
the alternatives its opponents have proposed? 

hy Michael M. Davis 


W HEN this issue ol SctENTa^'ic 
American cotncs from the press, 
committees ol the Senate and the 
House will be conducting public heal- 
ings on the national health insurance 
bill. For 11 years the question of what is 
to be done about the rising costs of medi- 
cal care has been before Congress The 
issue IS inescapable. With every year the 
American people’s concern about the 
matter has increased. So clearly is this 
concein becoming transformed into de- 
mand for action that this year those who 
oppose national health insurance have 
introduced alternative proposals that are 
also being considered in the cm rent 
hearings. 

While the health insurance proposal 
has been hotly discussed, so few people 
are acquainted with the actual provisions 
and meaning of the bill that perhaps the 
most important requuement for intelli- 
gent debate of the issue is greater public 
understanding of the proposal itself. 

The first flung to be made clear is 
that the measure before Congress, called 
the National Flealth Insurance and Pub- 
lic Health Bill, is not “socialized medi- 
cme.” Indeed, . after a generation of 
experience witlr health insurance, phy- 
sicians in the democratic countries of 
Western Em ope, all of which have na- 
tional insurance plans, have come to 
regard it as a bulwark of the independ- 
ence of the medical profession, in con- 
trast to socialized medicine of the Rus- 
sian sort. 

Under the present bill, doctors would 
remain independent practitioners; they 


would not be employees of the govern- 
ment. Hospitals would letaiii their au- 
tonomy. Patients would be as free to 
choose thcii doctois as they are now. The 
general operation of the plan would be 
as follows. 

All employed and self-employed per- 
sons m the U.S , with few exceptions, 
would pay legularly into a national 
health insurance fund, lor most people 
the payments would be deducted from 
earnings along with Social Security con- 
tiibutions. Employed persons would pay 
1.5 per cent of then' earnings (on that 
portion of their earnings up to $4,800 a 
yeai'). Employers would match their 
payments. Self-employed persons, e.g * 
businessmen and professional workers, 
would pay tliiee per cent. The Federal 
government, after collecting these funds, 
would allocate them to the states, which 
m turn would dishibute tliem to local 
areas according to plans made by the 
states. Either the states or the local 
agencies would pay the medical and hos- 
pital hills of the insm'ed persons and the 
dependent members of their families. 

All these people would be entitled to 
complete medical care from general 
practitioneis and specialists, hospital 
care up to 60 days a year, laboratory and 
X-ray services, eyeglasses, medical ap- 
pliances, and expensive medicines when 
prescribed by a physician. The plan 
would also provide a very limited 
amount of dental cai'e and home musing. 

The bill guarantee^ doctors complete 
freedom of choice. They could join the 
system or not, as they wished, could 


accept 01 reject any patient, could prac- 
tice wherever they liked. If they entered 
the insurance service, they would decide 
for themselves how they weie to be paid 
from the insuiance fund—whelliei by 
fees for sei vices, by a part-time oi full- 
time salary, or by a blanket per capita 
fee for each person selecting the doctor 
as his regular physician. Tluough their 
lepresentatives the doctors would nego- 
tiate the amounts of their payments with 
the state or local health insurance agen- 
cy. As for hospitals, die bill guarantees 
them adequate payment for their serv- 
ices and freedom from government inter- 
ference in dieir administration 

The administration of this program 
would be carried out primarily at the 
local level. There would be a five-man 
national board with an advisory council 
of lay and professional people. This 
board would be appomted by the Presi- 
dent as part of the Federal Security 
Agency, but its powers would be limited 
to the collection of funds and their allo- 
cation to the states, the approval of state 
plans, and the maintenance of general 
standards. The actual carrying out of die 
program in each community would de- 
volve on a board of local citizens, in- 
cluding representatives of the medical 
profession and hospitals, and working 
under the state s plan. 

How would it work for John Doe, the 
patient? Doe (or his wife or children) 
could visit or call any doctor of liis 
choice when he is sick, as he does now. 
When necessary, his doctor would refer 
him to a specialist, arrange for his ad- 


it 



mission to a hospital oi orclei any labora- 
tory or X-iay tests reqiiiiecl. But Doe 
would get no bills, the insurance fund 
would pay the doctor or hospital directly 
for all the services he received. 

What if Doe could not be a contribut- 
ing member of tlie svstem, because he 
had no income^ He would lecen^e these 
services if the local or state welfare de- 
paz'toent made the msurance payments 
for liim Thus doctois would be paid tor 
most of their piesent chaiity woik. 

H OW would it work for Dr. Richard 
Roe, a general practitioner in a mid- 
dle western town of, say, 20,000 people? 
After enactment of the law there would 
be a period of about two years before it 
began to operate, duung this interval 
Dr. Roe would decide whether he 
wanted to take part in the plan. His de- 
cision would probably depend greatly 
on what his regulai patients did. Pre- 
sumably most of his patients, and some 
others who previously had not had a 
regular doctor, would choose him as 
their family physician under the plan, 
m which case he, would be likely to join 
up. If some well-to-do patients chose to 
make piivate arrangements with him 
outside of the insuiance system, he could 
also accept them. 

Di. Roe and other doctors in his 
community would then decide, probably 
at meetings of their county medical 
society, how tliey wanted to be paid for 
their msurance patients. The majoiity 
miglit vote for a fee-foi -service system 
such as tliey had been accustomed to in 
the past. Dr. Roe probably would go 
along, though he would not be required 
to; he might choose to take a salaried 
post in a hospital, in industry, or as a 
member of a group-practice unit. Mean-" 
while a state committee of physicians 
would have been discussing over-all pro- 
cedures and rates of payment with the 
state health insuiance agency. They 
would draw up a schedule of fees, ad- 
justed to localities or classes of localities 
and to various services. If Dr. Roe chose 
to accept tlie fee-for-service plan, he 
would be paid according to this sched- 
ule, Once the terms were arranged and 
the plan went into operation, he would 
go on practicing just as he had before. 
He would usually serve only Ins regular 
patients, but if he were called to treat 
someone else in an accident or other 
emergency, he would receive the regular 
payment from the insurance agency. He 
would know that his patients could 
change their doctor, just as they can now. 

What about Dr. John Smith, a sur- 
geon in a large city? As a specialist, 
certified as such by the American Board 
of Surgery, he would get most of his 
cases, as he does now, by reference from 
other physidans, usually family doctors. 
But a patient might come to him direcdy 
when necessary. As to remuneration. Dr. 
Smith might be a young salioied surgeon 


on a hospital staff, if he were an mde- 
jDendent piactitioiier, he would receive 
a fee foi each opeiation. Even if Dr. 
Smith weie not ceitified as a specialist 
b\^ a national specialty board, under tins 
law he would be entitled to receive pay- 
ment at specialist rates provided he were 
lecogmzed as a specialist by an appio- 
priate state professional body. 

Voluntary health insurance ploxis 
which, like Blue Cioss, provide or or- 
ganize services, could continue under the 
national system. Commeicial insuiance 
and other plans paying only cash in- 
demnities could continue by providing 
benefits supplementing those of the na- 
tional plan Insurance plans which have 
their own stafts of doctois— as do medi- 
cal cooperatives and many plans spon- 
sored by industries, unions and taimeis’ 
organizations— would be encouraged. 

Besides health msurance, the bill pio- 
vides important measures for increasing 
medical personnel and facilities and for 
improving their geographical distribu- 
tion. The U.S. has more doctors m pro- 
portion to population than any other 
couniiy in the woild, but tliey uie veiy 
unevenly dishibutecl. For a generation 
or more the cities have been drawing a 
dispioportionate number of physicians, 
and most rural districts have been losing 
them. Rural and poor urban areas aie 
also shoit of dentists, nurses, hospitals, 
and local public heallli departments. In 
the nation as a whole we need more pio- 
fessional personnel and moie ho.spital 
beds. The bill sets up piograms to help 
remedy these shortages. 

Such is the program proposed in the 
bill. Before considering the pros and cons 
and the cuirent alternative proposals, it 
is desirable to examine the situation that 
has called it forth, 

HEN I was a boy, living on the 
West Side of Manhattan, we had a 
family physician who lived in the next 
block. He looked after my parents and 
their six children all by himself. We 
hardly ever thought of going to a hospi- 
tal, and neither we nor our doctor knew 
anything of X-rays or cardiograms or any 
but a few simple laboratory tests. Today 
a dozen different specialists are called in 
to care for the smaller families of my 
parents" descendants. Medicine is now 
far more efficient: it saves more lives, al- 
leviates more suffering, and has greatly 
prolonged the life span. But its cost is 
coiTespondingly higher. There are many 
more $50, $500 and $1,000 illnesses than 
formerly. And because sickness costs 
cannot be predicted by the mdividual, 
even the 20 per cent or American fami- 
lies with incomes over $5,000 may suffer 
a severe shock to their finances in a major 
illness, while families with lower incomes 
may have as their only alternatives char- 
ity, debt or disaster. ^ 

As I sat listening to the radio recently, 
a sinaoth, professional voice came over 


the air on a nation- wide netu^oik "Sup- 
pose you wake up tonight with a pain m 
your right side, and before moining you 
are on a hospital opeiatmg talile heu^mg 
vour appendix out. How aie you going to 
pay the $250 which your hospital and 
smgeon’s bills will come to‘^” The speak- 
er was not a critic of oui system of medi- 
cal care but a commeicial announcer for 
a laige insurance company. The fact that 
the company was buying expensive i adio 
time to advertise its health policies is 
excellent prool, if pi oof were needed, of 
the impoitance of this problem to the 
majority of the American people. My 
fellow- listener, a physician who has been 
practicing medicine for 40 years, added 
a lootnote to the announcer’s woids: 
“Yes, but I wish he would talk about 
health seivice instead of just suigical 
emeigencies, what we need is health in- 
surance plans that encourage people to 
go to a lamily doctoi at the first sign of 
illness or for checkups when they have 
no illness.” 

The basic facts about medical econom- 
ics m the U.S. were fiimly established in 
a five-year study between 1927 and 1932 
by the Committee on the Costs of Medi- 
cal Gate, which was headed by Dr, Ray 
Lyman Wilbur and supported by eight 
large foundations. The study deter- 
mined what American families at various 
income levels spent for each item of 
medical caic; what services they needed 
and what they got, what government 
agencies spent lor medical services; 
what hospital facilities were available; 
what doctors" incomes were; and how 
all these matters were related to the size 
and location of communities. From its 
27 fact-finding volumes the Committee 
derived the conclusion that future medi- 
cal sei'vice m the U.S. should be built on 
the economic base of pooled iisks— 
chieSy through voluntary health insur- 
ance— and on the professional base of 
group practice instead of the traditional 
solo practice. 

The American Medical Association at 
the time described these recommenda- 
tions as ‘^socialism and communism, in- 
citing to 1 evolution” The Committees 
findings in 1932 interested few except 
doctors and students of tlie sribject. But 
its reports have been germinal in the 
march of events. Within six years health 
insurance eiiteied the political arena. 
Today the AM A supports voluntary 
health msurance as an alternative v'hich 
it considers preferable to a national sys- 
tem. Meanwhile governmental activities 
in healtli have giown to a degree not 
generally realized. Expenditures for 
health services by tire Federal, state and 
local governments now aggregate $2 
billion a yeai*. The largest items are for 
state mental hospitals and the Federal 
medical service of the Veterans Adminis- 
tration, The Federal government has 
been making grants to the states since 
1946 for hospital construction, and mem- 
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bers of both parties in Congress aie now 
sponsoring special bills for extending 
public health services, foi maternal and 
child health, for aid to lesearch, for as- 
sistance to medical and allied piofes- 
sional schools, and so on. 

A S a result of a National Health Con- 
, ference called in 1938 by Frank- 
lin D. Roosevelt, Senator Robert F. 
Wagner in 1939 introduced the first 
national health insurance bill. Since then 
most successive Congresses have held 
extensive hearings on a series of such 
biRs, These measures have had an intei- 
esting evolution. Their trend has been 
toward greater and gi eater decentraliza- 
tion of administration, with more respon- 
sibility on the states and locahties and 
less on the Federal government. The 
successive hills have also bioadened 
from a health insurance measiue into a 
comprehensive national health program. 
These and other issues are thrown into 
relief by the alternative pioposals now 
before Congress One of these is a bill 
sponsored by Senator Robert A Taft and 
two Republican colleagues. Another is 
the voluntary health insurance bill spon- 
sored by Senatoi Listei Hill of Alabama, 
two Democrats from border states and 
two Senators of the liberal Republican 
wing. The third is a bill sponsored by 
Representatives Jacob K. Javits, Chris- 
tian A, Herter and otheis. As a lesult of 
the presentation of these alternatives, 
Congress for the first time faces pohtical- 
ly lealistic choices among policies of na- 
tional action to deal with the costs of 
medical care. 

Senator Taft’s bill would make Fed- 
eral gi'ants to the states, to be admin- 
istered by the states, to pay for medical 
service for persons who cannot them- 
selves afford “all or part” of the costs of 
such care. Senator Hill’s bill is a state-aid 
plan also, but it would require the states 
to use the Federal funds dirough volun- 
tary health msurance plans. (Under the 
Taft bill tins would be permissible but 
not obligatory.) Persons eUgible because 
of tiieir limited means could be enrolled 
as members of such plans free or at re- 
duced rates, and the costs of their care, 
when needed, would be paid for them. 
But this bill would cover only hospital- 
ized illness and diagnostic work m a 
hospital or clinic. 

Both of these bills would determine 
the eligibility of people for help through 
some form of means test. Both of tliem— 
according to theii critics— would set up 
the Federal and state administration in 
such a way as to give control to the pro- 
fessional groups or to the particular 
types of insurance plans that would re- 
ceive most of die money. 

In contrast, the national health in- 
surance bill provides for bodies on local, 
state and Federal levels in vvbich the 
professions and hospitals always have 
representation, but in which the mem- 


bers icpiesentmg the consumers of medi- 
cal seri'ice always have a majority when 
dealing with financial and administrative 
matters. On the othei hand, matters 
which aie wholly professional must be 
dealt with only by professional persons. 
The most successful of om American 
medical enterprises, the voluntary hos- 
pital, has tested for a generation and 
more the pimciple of lay contiol com- 
bined with professional freedom. The 
typical American hospital is owned and 
managed by a boaid of tiustees com- 
posed ^vholly or mostly of laymen They 
appoint the medical staff, but they do 
not diiect doctors how to diagnose and 
beat patients They do approve and can 
enforce the pi of essional standards ol the 
institution as outlined by the doctors. 
This tested pattern of lay-professional 
relationships is followed by national 
health insurance. 

Representative Javits bill seeks also to 
woik thiougli voluntaiy msurance plans, 
but would follow the pattern of national 
health insurance by requiring all ap- 
proved plans to chaige their members a 
percentage of earnings. Nearly all the 
existing plans now charge a flat rate irre- 
spective of the subsciiber’s income. 

Thus these bills laise beloic Congiess 
-and the country the issue ol whether 
voluntary insurance, with oi without 
government aid, can do the job that the 
countiy needs and the people cleaily 
want to have done. 

Voluntary health insurance has grown 
with extraordinary rapidity in the U.S. 
Twenty years ago perhaps a million per- 
sons weie enrolled in such plans. Now 
the number is at least 50 times greater. 
But how broad are the medical services 
provided oi paid for by these plans? In 
other words, bow much as well as how 
many do they served The Committee on 
Research in Medical Economics has is- 
sued this summary as of 1949. 

1. About 3.5 million pexsons are cov- 
ered for comprehensive medical care, 
including preventive b*eabnent as well as 
care in ordinary and catastrophic ill- 
nesses, hospitalization and other services. 

2. About 27 million persons are cov- 
ered for both hospitalization costs and 
physicians’ services in hospitals. If this 
insurance represented full coverage for 
these services, it would pay about 35 
per cent of the average family’s total 
medical expenses. In practice, the in- 
surance payments are usually consider- 
ably less than the actual costs to the pa- 
tient. 

3. Approximately another 27 milhon 
persons are covered by hospitalization 
insurance alone Often this insurance 
does not pay the full hospital bill. When 
it does, it covers about 21 per cent of the 
average family’s medical costs. 

These figures explain why Bernard M. 
Baruch told a large medical gathering in 
New York City a year and a half ago that 
voluntary insurance was “good, but not 


good enough.” A national piogram of 
combined Blue Cross and Blue Shield 
coverage, such as the Hill bill envisages, 
would be economically insufficient, pro- 
tecting against too small a pioportion of 
total medical costs, and medically inade- 
quate, tending to promote hospitaliza- 
tion, the most expensive foim of care, 
and doing nothing to encouiage the early 
treatment oi prevention of illness. 

Moieovei, the legislatures of 22 states 
have passed laws which prevent or 
greatly hamper the establishment of any 
voluntary plan not controlled by the 
medical societies These laws typically 
provide that no voluntary plan can oper- 
ate in any area unless 51 per cent of the 
physicians m the county approve it, and 
that a majoiity or all of the members of 
the governing board of any plan must be 
approved by the state medical society. In 
many places, county societies have ap- 
plied pressures, essentially boycotts, 
against doctors who joined or considered 
joining the staff of a plan sponsored by 
a union, a cooperative or other associa- 
tion of “consumeis.” 

What would national health insmance 
cost? On the most reliable estimate the 
Admimstialion bill would cost $5.5 bil- 
lion a yeai. For the services it embraces 
the Ameiican people now spend $4.4 bil- 
lion a yeai. (Counting all other services, 
such as medicines and dental caie, the 
nation’s total medical bill is over $8 bil- 
lion, ) Thus the bill would provide about 
25 per cent more medical service than 
the population is now getting. These 
services aie clearly needed. And the $1.1 
billion additional expend! tm*e would 
mean larger incomes for doctors and tlie 
reduction or elimination of hospital defi- 
cits. Moreover, by stabilizing the pur- 
chasing power foi medical cai*e and dis- 
tributing it more widely, the plan would 
support doctors and hospitals in areas 
that now can];iot maintain them. 

It must be home in mind that the 
average Ameiican family is now spend- 
ing three per cent of its income for doc- 
tors’ and hospital care (plus one per cent 
additional for medicine, dentistry and 
incidentals). Thus even if employ eis 
passed on all of the cost of their 1,5 per 
cent contribution to consumers m the 
form of higher prices, the resultant three 
per cent contribution by consumers for 
healtli msurance would mean for most 
families no greater expenditure than 
they are making now. 

A small but distinguished group of 
physicians, while disagreeing with the 
AMA’s view that national health insur- 
ance would lead to “the ultimate sociali- 
zation of tlie nation,” objects to the plan 
on the ground that it would not produce 
service of suflficiently high quality. This 
group, headed by such leaders as Dr. 
Edwai*ds A. Park of Baltimore and Dr. 
George Baehr of New York, wants an 
evolutionary development of health in- 
surance combined with group medical 
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pi iictice But it is not easy to see liow this 
lb to be brought about Actually the evo- 
lution of the last 20 years has been in 
tlie direction of medical impoverishment 
of the lural aieas, and entienchment of 
the forces that pi event the development 
of gioup practice m conjunction with m- 
surance. These forces are still at woik 
and tend toward extension of the re- 
stricted and piopnetary types of volun- 
tary insurance, the limitation of group 
practice and the provision of specialized, 
pooily coordinated progiams of tax-sup- 
p 01 ted medical services. These develop- 
ments do not appear likely to improve 
the organization and clisti'ibution of 
medical caie. 

The objection is laised that the re- 
moval of the economic barrier between 
doctor and patient through national 
health insurance would bring an enor- 
mous increase in demands upon doctors 
and consequent deterioration of then* 
service. The experience of voluntary 
plans in this country has been to the con- 
trary. Malingerers are vexatious but few. 
Most people do not want to be doctored 
01 hospitalized unless they have to be. 
The current British expeiience widi the 
new National Health Seivice also is en- 
lightening Since the service began last 
July, there has been a huge demand for 
dental care, eyeglasses and some other 
benefits for which theie was a vast back- 
log of unmet need But the demand for 
the sei vices of geneial physicians has 
iiici eased only lour per cent. 

The national health insurance bill 
does not piomise to deliver “complete 
and adequate medical care” to everyone 
e\ eiy where in the U.S. But it goes to the 
heart of both the immediate and the 
long-range problems. 1) making modem 
medical care financially available on a 
democratic basis; 2) providing profes- 
sional and economic incentives for the 
increase of high-grade personnel and 
facilities and their distribution according 
to need; and 3 ) placing the people who 
receive and pay for service in sound le- 
lations with the professions and institu- 
tions that serve them. 

We are now in the midst of a wide- 
spread campaign and debate over med- 
ical care on a scale never matched in 
any other country, with powerful forces 
on both sides. Emotional issues of sick- 
ness and health, professional habits and 
popular desires are intermingled with 
teclmical questions of services, organi- 
zation and finance. The issues mean 
much to democracy and security in 
America, Thoughtful men within the 
medical profession and outside it must 
keep cool minds to weigh them. 


Michael M. Davis is 
chairman of the Com- 
mittee on Research 
in Medical Economics, 



MEDICAL COVERAGE of present and future insurance plans varies wide- 
ly. Group plans are presently the best. Plan proposed by the national health 
insurance hill is even better. Blue Cross presently has the greatest number of 
members. Potential membership of national insurance plan is 100 million- 



INCOME LEVEL influences medical care, a fact which national health in- 
surance would do much to eliminate. Figures are from the five-year study 
made by the Committee on the Costs of Medical Care between 1927 and 1932. 
Relative medical care at various income levels has changed little since then. 
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THE BLISTER HYPOTHESIS 

Huge pockets of hot rock below the earth’s surface 
may account for many of its features. A geologist 
reviews his theory, notably in regard to mountains 


by C. W. Wolfe 


A CONSIDERABLE part of geol- 
ogy is based on information sup- 
plied by rocks in mountainous 
legions. These masses of lock are thrust 
up from ordinarily inaccessible depths 
to places wheie they may be observed. 
Erosion and other processes have then 
laid baie rocks foimed in the geologic 
past, which tell us much about the 
history of the earth. For all the work 
that is based on mountains, however, 
there is little that explains the origin of 
mountains themselves. This article pre- 
sents a new theory of mountain-building 
developed by the authoi . 

The basis of the author *s theoiy is 
that the initial forces of mountain- 
building are supplied by heat that is 
trapped in pockets within the earth’s 
crust and the region immediately below 
it. These pockets become huge “blisters” 
of expanding rock wliich push upward 
and raise the overlying material. The 
blister hypothesis, in the authoi ’s opin- 
ion, accounts for many things we know 
about mountains of the geologic past 
and present. It will not tell us everything 
about mountains, but it will bring fresh 
insight to the problem. 

One could avoid difficulties and as- 
sume that the hills ai*e “eternal,” that 
they were created by some sudden catas- 
trophe and have changed but little since. 
This simple and, to some people, satisfy- 
ing picture is completely unsatisfactory 
so far as the geologist is concerned. 
Every day the Mississippi River dumps 
a visible load of material into the Gulf 
of Mexico; the amount of soil and sand 
it collects on its way to die sea is enough 
to lower the entire sinface of North 
America about one inch every thousand 
years. Much of this material is obtained 
from the highland regions of the Ap- 
palachians and the Rockies, which are 
presumably being worn down at a much 
more rapid rate. 

These facts cannot be reconciled with 
the notion that existing mountains were 
created at ffie beginning of geologic 
time. The evidence indicates that the 
earth is at least two billion years old, 
and it would be necessary to assume 
that the original masses were impossibly 
high to explaffi t^eir present dimensions 
on the basis of erosion other ' efeets 


operating throughout the earth’s history 
The only alternative is that mountains 
have grown and decayed and grown 
again since the earth was young. 

The evidence is compelling that 
mountain-building proceeds in cycles. 
The pattern begins with a period of 
quiescence in a limited region of the 
earth. This phase marks the buth of a 
geosyncline, a huge ti'oiigh which gradu- 
ally sinks under the weight of sediments 
that aie poured into it The sinking pre- 
pares the way for the occasional in- 
ti'usion into the sediments of liquid lock 
from below the earth’s ciust. During thi.s 
pliase the seas rise and much of the land 
is flooded. At iiiteivals there ai'e minor 
reversals of movement: the waters ic- 
cede as the sediments ol the geosyncline 
are locally compressed and folded. 

The second stage of the mountain- 
building cycle is “i evolution,” a com- 
plete reversal of the conditions of 
quiescence. The sediments are folded ex- 
tensively, the waters retieat on a larger 
scale, tlie mountains begin to rise Ex- 
tremely varied climates also appear, 
because land masses and mountains 
interfere with the movement of winds. 
A simple folding of the rocks, however, 
is not enough to account for the gieat 
heights of today’s mountain ranges. It is 
the third stage of our cycle that is re- 
sponsible for the lofty peaks of the 
Himalayas, the Alps and the other moun- 
tain chains. 

The folding pushes deep extensions 
or roots into the weak sub crustal region. 
Since such a root is considerably lighter 
than the plastic medium in which it 
floats, it tends to rise buoyantly, pro- 
ducing uplifts of thousands of feet, When 
the mass reaches a point where it no 
longer rises or falls, it is said to have at- 
tained a state of isostasy, or floating equi- 
librium. This completes the “creative” 
part of the mountain-building cycle. 
Erosion then regains the upper hand and 
begins to grind the region down to sea 
level. The cycle is completed, only to 
begin again in other places, or perhaps 
in the same general region. 

The blister hypothesis, or any other 
Rieory of mountain formation, must ac- 
count for such cycles, but it must also 
.accot^f for a , good deal more. For one 


thing, it must provide insight into cer- 
tain puzzling problems of geographical 
distribution. A lelief map ol the earth 
clearly emphasizes the fact that moun- 
tains aie confined to restricted areas 
Regions elevated more than 3,000 feet 
above sea level, m fact, aie exceedingly 
rare. An almost continuous belt of moun- 
tains Glides the Pacific fiom Antaictica 
north through South America, North 
America, the Aleutians, and south 
through japan, the Philippines and New 
Zealand Volcanoes and earthquakes are 
common occunences in this belt of 
youthful mounUims. A second imposing 
belt starts m the East Indies, swings 
northwest in a wide arc and ties m ^^flth 
the great east-west Ilimalayas-Caueasus- 
Alpine system. Volcanoes are rarer in 
the latter mountains, hut earthquakes 
occur with impiessivc trequcncy and 
violence. 

Another great mountain region, the 
mid-Atlantic Ridge, lies beneath the 
ocean and is one of the world’s longest 
and highest ranges, Heie and there a few 
islands loom out of the Atlantic to bear 
witness to the submerged system The 
Hawaiian Islands are the top of a great 
chain of volcanic peaks rising as much 
as six miles above the ocean floor, and 
other Pacific islands have similar origins 
Rocks in Brazil, Canada, Finland and 
other counh'ies furnish evidence of an- 
cient mountain belts that have been so 
eroded that only their roots are left. 

Any successful theory must also ex- 
plain the kinds of mountains. Erosional 
mountains are those which great rivers 
caive out of plateaulike regions, the 
Appalachians being a good example. It 
should be pointed out that all peaks ex- 
cept volcanoes aie the indirect result of 
erosion. No mountain-building process is 
so rapid that its effects are not appreci- 
ably modified by the action of sb'eams or 
glaciers. 

A second type of mountain— the 
domal— would not be conspicuous were 
it not for erosion. The Black Hills of 
South Dakota arose from a dome of an- 
cient gi'anite that was lifted several 
thousand feet along with its cover of 
younger sediments. The great granite 
core of Mount Harney standing in the 
central portion of the Black Hills was 



exposed and sculptured by the waters of 
many streams. 

Mountains known as fault blocks are 
termed when the earth’s smface cracks 
and masses of lock slip against one an- 
othei along the line of fracture. The rise 
and fall of such masses pioduced many 
of the isolated ranges of the south- 
western U.S. The eastern front of the 
Sierra Nevada was built by perhaps 
thousands of small movements along the 
same fault line. 

Finally there is the compi essional 
mountain, a type which has presented 
the geologist with more questions than 
any othei. Certain sections of the ciust 
have been squeezed mightily together. 
The more brittle surface locks splinter 
and ovemde others, while the more 
easily deformed rocks m the deeper 
crust aie highly waiped and folded. Such 
compression involves a real shortening 
of the earth’s circumference, at least m 
a restricted region, although the actual 
extent of the shortening may be a con- 
ti'oversial mattei. Some geologists be- 
lieve that the formation of the Alps 
involved a shortening of 500 to 1,000 
miles, and a similar or larger figure has 
been suggested for the Himalayas. 

H OW do some representative theo- 
ries of mountain-building shape up 
when examined m the light of what we 
have outlined'^ Flow well do they ac- 
count for what is known about newer 
rocks solidified from the molten slate, 
cycles of uplift and erosion, geographical 
distribution, apparent shortening of the 
crust and other phenomena? According 
to the classical contraction theoiy of 
Charles Darwin, an originally hot and 
fluid earth gradually cooled until it 
formed a definite crust and solidified 
deep toward the center. As the cooling 
proceeded the interior shrank But the 
crust, having already solidified, could 
adjust to this contraction only by a 
WTinklmg of the surface, such as takes 
place in the skin of an apple when the 
interior is dehydrated The eaith’s 
wi inkles are mountains. One of the chief 
objections to this hypothesis is that, if 
it is ti'ue, mountain-building should be 
going on all the time and practically m 
all places at once; it is a spasmodic proc- 
ess restricted to definite regions. And if 
tlie apparent shortening of the crust in 
the Alps is leal, a complete solidification 
of the earth could not produce enough 
wrinkling to explain it. 

Another hypotliesis conceives of the 
continents as vast masses drifting like 
ice floes across the surface of the earth, 
Alfred Wegener, the German meteorolo- 
gist who formulated this continental drift 

STRUCTURE*^ of the earth is the 
framework of the blister hypothesis. 
Blisters occur within the crust and 
outer mantle. Vertical scale in draw- 
ing at bottom is exaggerated 20 times. 
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CONVECTION HYPOTHESIS accounts for the growth of mountains on 
the basis that there are great elliptical currents of plastic material within the 
earth. When t^o such ellipses meet, tlie crust above them buckles downward. 
The resulting depression is filled with sediments which are folded upward. 


theory in 1924, believed that mountains 
are a direct result of such movements, 
the Alps weie supposedly formed when 
Alrica floated noithward and crumpled 
an ancient Meditenanean geosyncline 
Pioponents of the theory point out that 
the eastern and western shores of the 
Atlantic can be made to fit like the pieces 
of a jigsaw puzzle, and they cite a similar 
matching of fossil and glacial records 
along the opposite coastlines. Detailed 
studies of continental movements do not 
support the hypothesis, which also 
shares a weakness of the contraction 
theory in that it does not account for the 
geographical distribution of mountains 
or the cycles ol their formation. 

A more widely accepted theory postu- 
lates that deep within the earth are tides 
or curients of hot, plastic material, mov- 
ing in gieat elliptical paths. In those 
regions wheie two of these ellipses meet 
the overlying ciust buckles downward. 
Sediments that collect m the trough are 
then folded and pushed upward as 
mountains. Problems within the theory— 
such as the difficulty of visualizing sys- 
tems of sub-crustal cm rents which could 
produce the complex contours of existing 
mountains— are piobably greater than 
the pioblems that it tries to solve. 

T PIERE is thus a clear-cut need for a 
new appioach that will help account 
for actual geologic data. The blistei 
hypothesis is presented as a possible 
answer to many unsolved problems asso- 
ciated with the formation of mountains. 
It is believed that the phenomena to be 
described are now actually taking place 
more than 10 to 15 miles but less than 
400 miles below the earth’s surface. 

In parts of this zone, heat is gen- 
erated faster than it can be dissipated 
by conduction or radiation. The som'ce 
of the heat is assumed to be the nuclear 
disintegration of radioactive elements, 
although the consequences of this as- 
sumption have not yet been worked out 
in full detail. As material in the crust, 
and perhaps in the next shell of struc- 
turally weak material known as the 
asthenosphere, undergoes a marked in- 
crease in temperature, its physical state 
is changed. Crystalline materials first 
become glassy and amoiphous and are 
then transformed to an almost molten 
condition. The blistei is a pocket of ma- 
terial in such a condition. Since the 
heated substances may expand 10 per 
cent or more, a region initially 60 miles 
thick would increase its radius by at 
least six miles. The direction of increase 
would be predominantly upward. 

The process begins with the formation 
of several small "pocket” blisters which 
extend laterally and in depth until they 
coalesce to form a major blister. Such 
large masses of expanding material could 
vary considerably in size but, for the 
purpose of this discussion, we shall as- 
sume that their minimum horizontal ex- 


tent IS on the order of 300 miles; the 
maximum diameter could well be thou- 
sands of miles, perhaps even of conti- 
nental or oceanic proportions. The blister 
would probably have the shape of a 
thick, upwaidly convex lens. 

Since surface locks are relatively weak 
when exposed to tensile forces and since 
such forces develop in the crust diiectly 
above the thickest part of the blister, 
the smface is distorted upward to foim 
a slight dome. Zones of weakness and 
fiactiues develop m the dome, and 
molten lock is forced out of the blistei 
by the piessure of the sui rounding crust 
on the undei lying plastic materials Any 
loss of heat lesultmg fiom the release of 
molten rock necessarily produces a cool- 
ing and partial collapse of the blister. 
Volcanic action is not likely to cause 
complete collapse, however, because the 
fractures are readily sealed as the liquid 
solidifies 

As long as heat is generated faster 
than it IS lost by conduction, radiation 
and volcanism, the blistei will continue 
to expand laterally. This tendency to 
creep sideways is accelerated by the 
weight of the crust above the blister. As 
the plastic mass deepens and spreads, 
the radius of the earth in the region is 
mci eased by an amount equivalent to 
the thickening of the blister. We have 
aheady indicated that the surface might 
well be raised six miles, and a much 
greater inciease is entirely within the 
bounds of possibility. 

We have desciibed the forming of a 
great dome above the center of the blis- 
ter, but what happens at the surface 
above one of the edges of the slowly 
spreading mass? The tensions here cause 
a yielding of the crust and probably a 
pronounced thinning of the underlying 
asthenosphere. The weakened surface 
sinks to form a trough for the possible 
accumulation of sediments; such a geo- 
synclir.e might develop on only one side 
of the blister or surround it completely. 
In any case, the crust is thinner below 
the geosyncline and, as the blister con- 
tinues to expand, subcrustal materials 
rise closer and closer to the surface. The 
release of pressure could liquefy some of 
these materials with little if any added 
heat, and the molten rock would be 
forced into the overlying geosyncline 
and into any sediments that might be 
accumulating there. The molten mate- 
rial solidifies rapidly and its added 
weight causes the geosynclmal region to 
sink until it reaches a state of equi- 
librium. Tliis process of doming, geo- 
syncline formation and release of molten 
rock repeats itself as long as the blister 
remains. 

Now that we have described some 
preliminary details of the blister hy- 
pothesis, we can correlate its hypo- 
thetical steps witli events that are known 
to have occurred. As has already been 
pointed out, the first stage of the 


mountam-bmldmg cycle includes occa- 
sional volcanoes, which may result when 
a blistei foims Cracks opening above 
the blister furnish vents for the escape 
of molten rock. The \olcamc material 
ejected from below a continent will 
geneially consist of diorite, a coaise- 
grained rock which, together with gran- 
ite, underlies most of the eaith's sur- 
face. Molten lock ejected horn beneath 
the Pacific Ocean, howevei, will be iich 
m calcium and magnesium, for reasons 
to be discussed, there is no diorite oi 
granite layei under this ocean 

T he first stage of mountain-building 
is also chai acterized by a flooding of 
the land and other acceleiating dis- 
turbances which can be accounted foi 
by the blister hypothesis. A blister form- 
ing beneath an ocean, of couise, will 
laise the bottom and flood the lowlands. 
Any subsequent ciacking and ejection 
of molten rock will release heat fiom 
the blistei and cause it to shrink, as a 
lesult the ocean floor will sink again and 
the waters will recede. A sin inking of the 
blister in the direction of the earth’s 
radius will necessarily produce a shorten- 
ing of the circumf ei ence, but the crust 
cannot return to its oiiginal contours. It 
contains new masses of solidified rock. 
The hough regions have also been 
shetclied by the cieeping underground 
plastic mass and have possibly filled with 
sediment. In attempting to return to the 
previous circumference, the ciust will 
crumple here and there in the weakest 
zone, the geosyncline. A distuibance oc- 
curring early in the cycle may therefore 
be interpieted as a partial collapse of a 
developing bhster with some mountain 
formation and volcanism in one section 
of the encircling weakened zone. 

Revolution, the second stage of the 
cycle, is also explainable in terms of our 
hypothesis. Several disturbances may 
occui’ peiiodically in widely separated 
areas surrounding the blister, but these 
are not suflScient to release all of the 
accumulating heat. The blister continues 
to ^spread hoiizontally with minor re- 
versals until its edge reaches the sagging 
geosynclinal zone, the weakest portion 
of the crust. The heat of the approach- 
ing blister raises the temperature of vast 
quantities of connate or trapped water 
m the sediments several hundred de- 
grees. This creates a vast crucible in 
which rocks metamorphose, i.e., change 
their form and crystal sU'ucture. Soft 
sedimentary rocks become hard, lime- 
stone turns to marble; sandstone be- 
comes quartzite; impure sediments are 
transformed into schist. The stage is set 
for a full-scale episode in mountain- 
building. The hot, ti'apped waters serve 
as a sort of lubricating agent, while tlie 
active force is the pull of gravity on the 
roof of the blister which overlies a highly 
plastic or liquid zone. The roofs down- 
ward movement results in a lateral 


thrust at the margins, and crumpling be- 
gins The collapse of the loof is piodueed 
not only by simple contraction of the 
blistei materials, but also by the ti*e- 
mendous loss of molten rock which 
escapes into and through the sediments 
of the geosyncline. 

So according to tlie blister hypothesis, 
folding of the ciust may be caused by 
two distinct processes. The initial force is 
the lateial thrust of the eiilaiged blister 
roof as it sluinks to a smaller circumfer- 
ence. The second force is the result of the 
mtiusion of vast quantities of molten 
rock into the sediments of the geosyn- 
clme. The apparent shoitemng of the 
crust observed in some zones of moun- 
tain-building is partially explained by the 
stretching and flow of metamoiphosed 
rocks, and by the f Dicing of molten ma- 
teiial mto the blistei roof and geosyn- 
clme. 

Great mountain elevations, however, 
aie not piodueed by simple blister col- 
lapse. They lesult from the fact that 
during the crumpling of the geosyncline 
great masses of rock aie thrust like roots 
into tlie plastic asthenosphere, the layer 
that lies immediately beneath the outei- 
most ciust and extends to a depth of 400 
miles Although these roots flatten out 
and disappear in time, they tend to float 
upward through denser materials and set 
up tremendous buoyant forces which lilt 
the folded sediments to considerable 
heights. Each elevation is accomplished 
only when the buoyancy exceeds the 
strength of the lock, and tlie lifting 
action produces tension. This explains 
one foiin of fault-block mountain. 

Eventually equilibrium is established, 
and a thickened, eioded continental seg- 
ment will remain to indicate the former 
activity of the blister. Succeeding blis- 
ters may develop in the same place or in 
different places. Cyclical processes are 
quite common, and thus the continent 
may grow by the periodic addition of 
new thickened portions. The oceans sink 
deeper and deepei and the continents 
rise higher and higher as the lighter sub- 
ciustal materials beneath the blisters are 
separated from the heavier and are 
brought to the surface with each revolu- 
tion. 

It should be pointed out that the blis- 
ter hypothesis provides no immediately 
apparent explanation for tlie fact that 
part of the earth’s surface is composed 
of a sflica-nch gi'amte and part— notably 
the floor of the Pacific Ocean— of a silica- 
poor basalt It is assumed that a granitic 
layer was origmally distributed over the 
entire surface, and that part of it was 
torn away when the moon was formed. 
According to the British astronomer 
George Darwin’s theory, this event took 
place when the rotation and vibration 
periods of the earth were such as to make 
the earth an unstable body which gradu- 
ally assumed the shape of a pear, the 
narrower part eventually breaking away 
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HISTORY OF A BLISTER might begin with the for- coalesce to form a larger blister which posher up the 
matiou of pocket blisters in a region wdiere heat accu- overlying crnst (B ) . Sediments collect in the geo&yncline 

mxilates more quickly than it is dissipated (A), These around this region (C). As the blister continues to ex- 


to form the moon. Supporting this view 
is the observation that the moon is slowly 
retreating from the Ccirth. By folio wmg 
tills px'ocess backward in time, it appears 
that the moon must have been formed 
after the earth. 

A simple calculation shows that if the 
moon were derived from an.area the size 
of the present Pacific Basin, it would 
have drawm materials from a depth of 
80 miles. That means that the moon 
would be basaltic, and its mean density 
is entirely consistent with the calculated 
depth of removed material and its as- 
sumed composition. The rocks of the 
Pacific floor are denser than those of 
other portions of the crust. They also 
seem to be much richer in calcium and 
magnesium, and poorer in iron, sodium, 
potassium and sflica. The Pacific, fur- 
thermore, is exceptionally deep* Such 
unique conditions are best explined by 
George Darwin’s theory. Since a uni- 
versal ocean is assumed to have covered 


a 10-inile-thick universal granite layei 
before the sloughing off of the moon, 
sedimentation was practically impossible 
until the satellite \v£is formed. We have 
evidence of sedimentation far l^ack into 
the Archean Era, more than a billion 
yeais ago. So the ejection of the moon 
must have taken place at least that long 
ago and probably initiated that era. 

The sediments themselves offer fur- 
ther evidence that the moon was once 
much closer to the earth. The wide- 
spread, homogeneous sedimentary rocks 
that weie laid down in what is now the 
central U.S. S25 million to 500 million 
years ago can be explained by assuming 
the existence of a vast tidal basin in an- 
cient times. This could have been the 
case only if the tides were considerably 
higher, a situation that presupposes a 
closer proximity of the moon. Tides of 
50 to 100 feet are easily imaginable with 
the moon about 24,000 miles, or one 
tenth of its present distance, from the 


earth. The effect upon sedimentation 
, would have been tremendous. Although 
the origin of the Pacific Basin must re- 
main a matter of conjecture, the above 
arguments are highly suggestive. It is 
interesting to note that the blister hy- 
pothesis can readily explain most of the 
surface features of the moon as w^ell as 
of the earth. 

W HAT specific geological events pro- 
vide the best examples ol blister 
action in the past? A recent paper by 
the University of Michigan geologist 
A. J. Eardley furnishes one possible illus- 
tration, He has shown that the entire 
Ai'ctic Ocean region was once dry land 
which disappeared after a mountain- 
building revolution at the close of the 
Paleozoic Era. This revolution produced 
the folded ranges distributed around the 
North Pole, and might well have been 
caused by the collapse of a blister. 
Another example may be provided by 











pand laterally, it pushes into the sediments (D) . Here 
tlie blister loses heat and collapses. The crust above it 
likewise collapses, squeezing the sediments of the geo- 


syncline (E) . These folded sediments remain as niomi- 
tains (F). As they float, they may be fractured into 
fault blocks (G) . Finally the blocks are eroded fiat (H) . 


an examination of Paleozoic maps, which 
show a land mass to the east of the U,S. 
A more or less continuous geosyncline 
extended from Alabama through New- 
foundland, for all we know, it may 
have reached across to the British Isles, 
and from there to the region of the 
Paleozoic Alps. It is possible to imagine 
a blister and perhaps a continuous land 
mass occupying the region that is now 
the Atlantic Ocean. The collapse of such 
a blister would not have occurred over 
the entire area at once. Tliree partial 
collapses might be represented by the 
Caledonian revolution of Scotland be- 
gmning 300 million years ago, the Aca- 
dian revolution of the Canadian mari- 
time provinces beginning 260 million 
years ago, and the revolution that 
formed the Appalachians 200 million 
years ago. After tlie latter revolution, 
fault-block mountains and basms formed 
along the^ entire folded belt from Con- 
necticut to Virginia. Meanwhile the 


central portion of the blister might have 
continued to collapse, forming tlie At- 
lantic Basin. 

Although one cannot point with great 
assurance to modern signs of blister 
activity, a few cases may be discussed. 
The elevated continent of Africa, with 
its great ‘rift valleys” caused by cracks 
111 the crust, may constitute the roof of 
a blister. The fact that the northern half 
of the Pacific Ocean is 3,500 feet deeper 
than the southern half may be accounted 
for by assuming complete bhster collapse 
in the former region. The islands of 
Japan are grouped in an obvious mosaic 
pattern. They could well he masses of 
the crust that are being raised by the 
buoyant force of deep fault-block roots 
resulting from die collapse of such a 
North Pacific blister. The East Indies 
possibly represent a similar phenome- 
non, with the bhster center slightly to 
the northwest of Borneo. The great peaks 
of the Himalayas could very well be the 


product of two or more coalescing blis- 
ters. 

These and other speculations based 
on the blister hypothesis will undergo 
thorough examination and testing when 
tlie facts of ancient geography are re- 
considered ill the light of its basic as- 
sumptions. The hypothesis will stand or 
fall depending on detailed quantitative 
findings concerning the distribution of 
radioactivity in the crust, the heat- 
conducting properties of rocks and many 
other important physical factors. The 
author is not completely satisfied with 
the theory as it stands. It is presented be- 
cause, as far as prehminary considera- 
tions go, there seems good reason to ex- 
pect diat some such explanation will 
prove valid. Time will prove die judge. 


C W.Wolfe is pro- 
fessor of geology at 
B oston University . 
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The contractile tissue has many remarkable 
characteristics. Not the least of them is its 
usefulness in the investigation of life itself 


by A. Szent-Gyorgyi 


HEN one of our muscles is ex- 
cited by a nerve, it contiacts. 
Some muscles are thus able to 
pull at the bones to winch they are 
attached and to move a part of the body. 
Other muscles perfoim much of the work 
of our internal organs. The heart is only 
a pouch of muscle, so, in a way, aie the 
mtestines. Millions of muscle cells are 
embedded m the walls of small ailenes. 

Much of human suffering is due to the 
disfunction of these inner muscles. A 
shght conti' action of the muscles of the 
arteries may send the blood piessm-e up 
or cut off the supply of oxygen to othei 
tissues. More than half die deaths of 
mankind are due to the failure of heart 
muscle. Yet in most cases we cannot re- 
pair the diseased muscle machine be- 
cause we do not sufficiently understand 
its structure and function. 

Muscular contraction is one of the 
most wonderful phenomena of the bio- 
logical kingdom. That a soft jelly should 
suddenly become hard, change its shape 
and lift a thousand times its own weight, 
and that it should be able to do so sev- 
eral hundred times a second, is little 
short of miraculous. Undoubtedly muscle 
is one of the most remarkable items in 
nature’s curiosity shop. Muscle, how- 
ever, has attracted the attention of many 
scientific investigators for another reason. 

All hving organisms are but leaves on 
the same tree of life. The various func- 
tions of plants and animals and their 
specialized organs are manifestations of 
the same living matter. This adapts it- 
self to different jobs and ciicumstances, 
but operates on the same basic princi- 
ples. }vluscle contraction is only one of 
these adaptations. In principle it would 
not matter whether we studied nerve, 
kidney or muscle to understand the basic 
principles of life. In practice, however,, 
it matters a great deal. 

The work of the scientist is essentially 
to measure, and the rapid changes in 
muscle can he measured much more 
easily than the slow changes in liver or 
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kidney. The functioning of muscle may 
be seen by the naked eye, and may be 
indicated by sunple means. The elec- 
ti'ical change of nerve, on the other hand, 
may be observed only with involved 
and subtle devices. The great motility of 
muscle demands that it be built of small 
units, ai ranged with great regularity 
and bound together by relatively weak 
forces This means that we may dis- 
entangle and isolate these small units 
without destroying them, a“iid that they 
may be studied outside the body. 

There are many approaches to ilie 
study of muscle. The anatomist delights 
in its structuie, which he tries to pre- 
serve. The physiologist enjoys the har- 
mony of its function, and tides to avoid 
all damage to the tissue m oi dei to study 
it under physiological conditions. The 
biochemist, however, willfully destroys 
the structure. There is a simple reason 
for the fact that none of these ap- 
proaches, in itself, can explain muscle. 

Muscle is a machine, and in any ma- 
chine we must deal with two elements. 
One IS the energy-yielding reaction, such 
as the expansion of steam in a steam en- 
guie, the burning of fuel in an internal 
combustion engine, or the flow of cur- 
lent in an electidc motor. These ele- 
mentary reactions can accomplish uselul 
work only if they take place within a 
specific structure, be it a cylinder and 
a piston or a coil and a rotor. So in 
muscle we must also look for both the 
energy-yielding reaction and the mean- 
ingful shmctiue. 

The energy-yielding reaction is a 
chemical change which takes place 
among molecules, and its study belongs 
to the realm of biochemistry. The struc- 
ture is the domain of the anatomist, 
working with his knife, microscope or 
electron microscope. Both paths of in- 
quiiy are most exciting. We can expect 
to find that the basic energy-yielding re- 
action is identical, at least in principle, 
in all Hvmg forms, Muscle research can 
thus take us to the very foundation of 
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A MUSCLE FIBER has horizontal { 

and vertical markings in pliotomicro- 


life. Its structure, although specialized, 
can likewise reveal the fundamental 
principles of biomolecular architecture. 
In this light muscle ceases to be a special 
problem. The study of its function 
merges with the study ol all life, and for 
such study muscle is a wondeiful and 
unique material. 

M uscle is bmlt ol tiny fillers which 
aic just visible to the naked eye 
The pictuie that appears at the Lop of 
these two page.s shows one of these as it 
appears undei the micioscojic. If wc look 
at this pictuic closely, we discover a 
horizontal striation which indicates that 
the musele fiber is only a bundle of many 
small fibers, or fibnls. These fibrils are 
composed of contractile matter, and the 
muscle contracts because they contract. 
Under the electron microscope, as may 
he seen in the picture on page 24, the 
fibril IS clearly visible as a slender, con- 
tinuous column. 

The fibiils need a great deal of energy 
in a very special foim. The energy con- 
tained in food, in fact, must be con- 
verted into tins form beloie the fibrils 
can use it. This process alone leqimes a 
bulky chemical apparatus that is located 
between the fibrils The conti action of 
the fibnls presses this substance into 
disks, which account for the vertical 
stiiations visible in the picture above. In 
the picture on page 24 some of this inter- 
fibrillary mateiial still adheres to the 
surface of the fibril, giving it a seg- 
mented appearance. In the picture at the 
top of pJtge 25 we can see that the sub- 
stance indeed adheres only to the sur- 
face. Wheie the fibril itself lies naked 
we can see that it too is a bundle of still 
finer threads. These threads have been 
called filaments by C. A. Hall, M A. 
Jacus and F. O, Schmitt, who first photo- 
graphed them at the Massachusetts In- 
stitute of Technology. 

The specific form in which energy is 
supplied to the fibril is adenosine tri- 
phosphate, which is abbreviated as 




graph. Horizontal slriations indicate that hhcr is made ence of material compressed ])y fibril contraction. Orig- 
up of tiny fibrils. Whitish vertical markings show pres- inal photomicrograph magnified fiber 1,000 diameters. 




ATP. The discovery of tliis substance is 
one of the most important achievements 
of biochemistry. ATP is one oi the mam 
axes about which life revolves. The ATP 
molecule beais three phosphate groups 
hnked by oxygen atoms. The University 
of Pennsylvania physiologist O. Meyer- 
hof has shown that the manufactuie of 
each such link lequires 11,000 calories of 
free energy. When the links are broken, 
the energy is icleased. Fritz Lipmann of 
the Massachusetts General Hospital has 
called them high-eneigy phosphate links. 
Then splitting is the source of all mus- 
culai energy 

The participation oi ATP m conti'ac- 
tion has one most fascinating aspect. Our 
experience thus far indicates that wher- 
ever there is life its cairier is a nucleo- 
protein. This substance is made up of 
protein and nucleic acid, the latter be- 
ing most abundant in cell nuclei. We 
may therefore assume that these two 
materials and then interactions are an 
essential feature of life. The nucleic acid 
molecule is composed of many small 
units that are chemically similar to ATP. 
These aie joined in giant fibrous mole- 
cules. Unfortunately we cannot do much 
with such huge molecules, so they can 
tell us little of the nature and meaning 
of nucleoproteins. 

Again muscle furnishes a hopeful ex- 
ception. So far as the author is aware, 
the contractile substance of the fibrils 
IS the only ‘‘hving’' protein that is not 
Imked to nucleic acid. The reason is easy 
to find. Long, fibrous nucleic acid mole- 
cules would surely interfere with the 
mechanism of contraction. Instead of 
nucleic acid, the contractile protein 
works with smaller units. In the author's 
opinion, ATP is the missing nucleic acid 
oi the fibril. Since ATP is a small mole- 
cule, its connection with muscle protein 
can be studied with relative ease, and 
may reveal one of life's most closely 
guarded secrets. 

Having outlined some general prin- 
ciples, let us see what we can actually 


leain about the function of muscle. To 
understand it we will have to break it 
down. Fiom a knowledge of its parts we 
may hope to understand the whole, just 
as the astionomer understands the stars 
by his knowledge of the atom. A man 
who paiachuted into a strange land, 
however, might have difficulty in finding 
his way home. We would Likewise have 
trouble finding our way back to muscle 
if we decomposed it all at once. We 
will fare better if we proceed to om 
destination on foot, and decompose 
muscle step by step. 

AS the first step in decomposing 
xJu muscle, let us separate the small, 
soluble molecules from the insoluble 
structure without destroying the latter. 
This can easily be done by washing a 
strip of 1 abbit muscle, for example, with 
water. Now let us put the dissolved 
molecules back again. We suspend om* 
muscle m a concentrate of the original 
solution, or, to simplify matters, in a 
boiled exti'act of some other muscle tis- 
sue. What happens? The muscle con- 
tractsl Special measurements show that 
the contraction occiuTed with such force 
that the muscle could have lifted a tliou- 
sand times its own weight, just as any 
hvmg muscle. There is no doubt that 
what we have seen is muscle contraction. 

Next we ask: What substance m this 
muscle juice made the washed muscle 
contract? Fortunately this is not a di£S- 
cult question. A bit of scientific cookery 
indicates that two substances were re- 
sponsible-potassium and ATP, This is 
remaikable, for ATP is essentially phos- 
phate, and if we want a lawn to flourish, 
we use a fertilizer containing potassium 
and phosphate. Grass needs the same 
substances as muscle, a striking demon- 
stration that the basic change in muscle 
contraction is only one form of a uni- 
versal biochemical reaction. 

We have thus discovered that ATP 
makes muscle contract as well as supply- 
ing the energy for contraction. No other 


substance will serve. ATP is a cogwheel 
m the mechanism of contraction, and 
without It no contraction occurs. ATP 
has yet anothei function. From earhest 
times man has known of rigor mortis, 
the stiftenmg of the body that follows 
death. The same effect can be produced 
in a single muscle. A strip of rabbit 
muscle removed soon after killing the 
animal can be stretched like lubber, 
though within narrower limits. A few 
hours later the strip becomes inelastic 
and simply breaks when we attempt to 
sti'etch it. The loss ol elasticity is due to 
the decomposition of ATP; by restoring 
ATP we restoie elasticity If ATP did 
not make muscle elastic, the muscle 
would be too rigid to work at all. 

We can now go one step further in 
decomposing muscle. We make a very 
fine pulp of oui washed rabbit muscle, 
suspend it m water and add potassium 
and ATP No contraction can occur 
because the stiuctures have been de- 
stroyed. Instead there is a violent pre- 
cipitation. Much tlie same thing must 
have happened when the whole muscle 
contracted. The precipitation of fine col- 
loidal pai tides is due chiefly to a loss 
of electric charge. So the basic reaction 
of contraction is a loss of charge, bi ought 
about by potassium and ATP. 

We may now proceed to decompose 
muscle into its molecules. In the pres- 
ence of ATP a strong salt solution dis- 
solves the muscle structure and extracts 
two quite different proteins— actin and 
myosm. Both of these proteins have most 
interesting properties, but contractility 
is not one of tliem. The most amazing 
property of myosin is its great affinity 
with ions, wliich in the smallest concen- 
trations may gi'eatly modify its electric 
charge. The most amazing property of 
actin, discovered by the author's asso- 
ciate F. B. Straub, is that it can exist 
in two forms. When first extracted it con- 
sists of small, round molecules. If we 
add a little salt these little globules 
unite to form long thi'eads, as shown in 
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A MUSCLE FIBRIL is shown in electron micrograph made by G. Rozsa 
of the National Institute of Health. Ridges of \yhite material adhere to 
surface of the fibril. Origin^ micrograph magnified fibril 9 fi 00 diameters. 


the photograph at the bottom of the 
opposite page 

The most amazing piopeity of actm 
and myosin, however, is that they can 
unite to foim a complex— actomyosm It 
IS this complex that has the contiactility 
of muscle. We have leproducech and 
thus made it possible to analyze, one of 
the most mysteiious manifestations of 
life. Seeing actomyosm contiact for the 
first time was the most exciting experi- 
ence of the author’s scientific caiecr. 

We have left the pioblem of the 
molecular aichitectiire of muscle to the 
end, because this field of research was 
opened not long ago when tlie discovery 
ol the electron microscope extended the 
limit of human vision down to the world 
of molecules. Hall, Jaciis and Schmitt 
were the first lo begin studies along this 
line At piesent the problem is also be- 
ing investigated at the National Institute 
of Health by G. Rozsa, the author and 
R. W. G. Wyckofl, m the laboratoiy of 
the latlei. These studies have shown that 
the building of actin out of globules into 
fibeis pioceeds in two steps. First per- 
haps 20 globules unite into a slightly 
elongated paiticle some 300 Angstiom 
units long and 100 wide Then these pai- 
ticles are joined end to end to form 
thieads. ElccUon-micioscopc plioto- 
graphs show that the thieads liave a 
stiong tendency to come lo icst side by 
side so that the individual particles of 
neighboring ihrcacls also lie side by side. 
Thus thieads actually form in two direc- 
lions, and a regular structure analogous 
to a crystal results. 

T he nature of the chemical mech- 
anism that makes large protein 
molecules out of small ones is a very 
fascinating problem. The laiger actin 
particles aie the size of the smaller 
vii'uses. The question of liow a large pro- 
tein unit is put together, and how it is 
taken apart and pul ‘together again 
according to a new pattern, is peihaps 
the most important problem of virus re- 
search. W. J. Bowen and K. Laki of the 
National Institute ol Health have shown 
that ATP is also involved in this feat of 
molecular engineeiing. 

There is yet another new and rathei 
hopeful approach to muscle, opened by 
the discovery that muscular conti* action 
IS a so-called equilibiium reaction. The 
approach is that of thermodynamics. It 
has thus far yielded two rather fascinat- 
ing results. It has shown that the whole 
muscle machine is built of small and 
more or less independent units the size 
of actin globules. These have a mo- 
lecular weight of 70,000, i.e., 70,000 
times the weight of tlie hydrogen atom. 
If linked to ATP, the units at rest have 
a certain amount of potential energy, 
and are thus comparable to a loaded gun 
or an extended spring. When excited by 
a nervous impulse, the units spend this 
energy. The energy transmitted by ATP 
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IS then requiied to bring them back to 
the high-eneigy loaded or extended 
state. Once we know this, it seems natu- 
lal that natme should do it tins way. 
The living stiuctuie is kept leady to fire 
and is loaded aftei firing, instead ot the 
other way around. 

Can we put all this together in a single 
theoiy ot muscle contraction^ We can 
tiy, but we must jump some lather wide 
gaps We have seen that the primaiy re- 
action IS a change in which electric 
charge is lost, and that the change takes 
place within small molecular units Such 
a loss of chaige must very greatly alter 
the forces between the larger particles. 
Should it be found that the muscle 
fibril is a thiee-chmensional structure of 
slightly elongated particles, it might also 
be found that contraction is nothing 
more than a tilting of them. 

Much woik must be done before we 
have a lounded understanding of muscle 
contraction itself. Then we must ask 
what changes occur when a neive com- 
mands a muscle to conti'act, how the 
system returns to its resting state, and 
how the energy of ATP is transfeired. 
Since actomyosm appears to be identical 
in all kinds of muscle, we will have to 
look out for the substances that regulate 
its varying functions. In the wing muscle 
of some insects, foi example, aclomyosin 
can contract several hundred times a sec- 
ond, yet it can also pioduce the slow, 
legular beat ol the heail and, without 
consumixag energy, can liold a clam shell 
closed foi horns. 

The readei may ask: When we know 
all this, will we understand muscle and 
life itself? The author can only give his 
peisonal opinion* We will not, because 
the fundamental changes in muscle can- 
not be expressed m terms ol orthodox 
chemistry. We will veiy likely have to 
explain them in terms of how electrons 
aie distributed over the entire molecular 
shucturc, an explanation that belongs to 
the realm of quantum mechanics. 

The study of this distiibution of elec- 
trons within the protein molecule is one 
of the most urgent and most difficult 
tasks of biology. Until the task has been 
completed, we cannot hope to under- 
stand the natuie of life The task is not 
impossible, but it requires keen imagina- 
tion, a lust for adventure, and a catholic 
knowledge. The task is probably too big 
for any one man; the biologist and the 
theoietical physicist will have to col- 
laborate. A few hopeful beginnings have 
been made. They may eventually lead us 
to a full understanding of the piotein 
molecule, which will mark the beginning 
ol a new era in biology and medicine. 


A. Szent-Gyorgyi, Hungarian hiochem- 
tst and Nobel pi ize winner, is note a fel- 
low of the National Institute of Health 
and director of the Institute for Mus- 
cle Research at Woods Hole, Mass 



FINE STRUCTURE of a fibril is visible in another electron micrograph by 
Rozsa. Beneath the white interfibrillary material are tiny filaments that 
make up the fibril. Original micrograph magnified fibril 25,000 diameters- 



ACTIN FILAMENTS are revealed in third electron micrograph by Rozsa, 
Actin is a protein which combines ^itli myosin to form the contractile com- 
plex actomyosin. Original micrograph magnified filaments 3 7 ,000 diameters. 
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Progress in Cancer 

C AlNCER research has recently made 
some definite progress in its slow 
journey toward die early diagnosis 
and elective treatment of die disease. 
One strikmg development has been 
amioimced by George W. Kidder of 
Amheist College, who, with a team of 
co-workers, has discovered a clear-cut 
metabolic difference between cancerous 
and normal mammalian tissue. The dif- 
ference lies in the cells’ use of guanine, 
a substance entering into the formation 
of nucleic acid. Malignant cells require 
guanine; normal cells do not. 

The finding was applied m a signifi- 
cant experiment, A cancel ous mouse was 
fed a diet including pseudo guanine, a 
metabohcally useless compound which 
resembles guanine so closely that cells 
take it up as if it were guanine itself. 
This antimetdbolite did not kill the 
mouse cancer, but it stopped tumoi 
growth, And growth resumed as soon as 
administration of die drug ceased Al- ' 
though pseudoguanine may be toxic to 
normal as well as malignant cells, the 
technique represents an approach that 
may yield results in the future. 

Another approach to the problem of 
curbing the growdi of malignant tumors 
is reported by Henry K. Wachtel of 
Fordham University in Nature, the Brit- 
ish scientific weekly. Wachtel has ex- 
tracted a fatty substance from fresh 
cattle pituitary glands which inhibits 
the growth of soft-tissue cancers m ex- 
perimental animals. In some cases the 
cancer regressed pardy or completely. 
The pituitar)? substance also produces a 
definite effect in the blood, reducing the 
level of the fatlike compound choles- 
terol The identification of the substance 
awaits its preparation in large quantities. 

Three significant advances have also 
been made in the diagnosis of cancer. 
S. A. Gladstone of the New York Boly- 
clinic Hospital has developed a simple 
sponge technique for recovering speci- 
men cells from various body surfaces 
and cavities. The sponge, ydnch is made 
of gelatin, is rubbed over ai*eas from 
which specimens are desired. Enough 
cells adhere to the gelatin to provide 
material for microscopic study. The 


technique is being tested by hospitals in 
seveial cities and has been employed in 
moie than 700 cases, including cancels 
of the cervix, uterus, lectum, mouth, 
pharynx, esophagus and lung. It is said 
to be at least as reliable as biopsy, the 
surgical removal of a tissue sample which 
IS a standard practice in diagnosing 
cancel. The sponge method may also aid 
in the diagnosis of gastric cancer, the 
most difficult form of cancer to detect. 
The gelatin can leadily be inserted into 
the stomach through a tube. 

Another test, foi the examination of 
patients who may have cancer of the 
ceivix or uteius, has been devised by 
Harold S. Burr of Yale Umveisily and 
Louis Langman of New York’s Bellevue 
Hospital. It IS based on the electrical 
characteristics of hving tissue. Contacts 
placed on the abdomen and in the va- 
gina pick up a negative potential m non- 
pregnant women with no uterine or 
ceivical pathology. A positive potential 
is observed in piegnant women and 
those with cancel oi certain other dis- 
orders of the genital tract. Eiioneous 
diagnoses were made in only IS per cent 
of the tests, 

Chailes Huggins of the University of 
Chicago has reported a test for cancer 
that involves tlic analysis of blood 
lodoacetic acid inhibits the coagulation 
d proteins in heated blood serum, and 
it takes less lodo acetic acid to inhibit 
coagulation in the serum of a person 
with cancer. This difference is the basis 
of the test. Although false positive re- 
actions are obtained in pulmonary tuber- 
culosis and acute infections, these 
conditions may be easily distinguished 
from cancer. The test, which provides 
no information as to the site of the 
gi'owth, has been checked on 300 pei- 
sons. Huggins has described it as 'not 
quite as good as the Wassermann test” 
for syphilis. Blood tests for cancer have 
been reported on four previous occa- 
sions, but until now have proved un- 
reliable. 

The Neiv Commissiotiers 

A CONTINUATION of the present 
policies of the Atomic Energy Com- 
mission appears likely from the Presi- 
dent’s choices to fill two Commission 
vacancies. Taking the place of Robert F, 
Bacher, who resigned to go to tlie Cali- 
fornia Institute of Technology, is an- 
other physicist, H. D. Smyth of Prince- 
ton, author of the celebrated official 
report on the atomic homb. Gordon 
Dean, named to the position vacated by 
W. W. Waymack, is a professor of law 
at the University of Southern California 
who was in the Justice Department 


throughout the Roosevelt admmisti'a- 
lion Subject to Senate confirmation, 
Smyth and Dean will serve teims expir- 
ing 111 June, 1950. 

The Nuclear Rocket 

T he fiist locket piopelled by atomic 
eneigy will not l^c successfully 
launched for at least seveial decades, 
according to H S. Seifert, chief of the 
applied physics section of the Califoima 
Institute of Technology Jet Propulsion 
Laboiatory. The nuclear locket, Seifert 
says in Pliijsics Today, “seems to be one 
of the less practical applications of 
nucleai eneigy.” It laises moie prob- 
lems than it solves. 

The first problem is that a practical 
locket must operate at a minimum of 
5,000 degiees C. (Below that tempera- 
luie the velocity of the jet is too low ) 
Uranium, however, melts at 3,400 de- 
grees. Theoietically a nuclear rocket 
might work in ciLhei of two ways. The 
simpler is to employ a nuclear leactoi 
to heal the woiking-lluid—the gas to be 
expelled— in much the same way that 
leactors will heat the iuibine-sp inning 
gases in the first atomic-power plants 
Seif Cl t points out that ibe best possible 
rocket woi king-fluid, liquid hydrogen, 
heated to the highest practicable tem- 
per atm e, would fiiimsh only four times 
as much thrust as a good chemical fuel. 
Very large, heavy tanks would be re- 
quired to handle this fluid because of its 
low boiling point and low density. 

The other theoretical possibility is the 
“photon” rocket. Matter would be con- 
verted entirely to radiant energy, which 
would act as a kind of electromagnetic 
jet, a quaiter of a pound of matter 
providing enough energy to propel a 
projectile 18,000 miles a second. The 
Caltech physicist considers the photon 
rocket as having “no more status at the 
moment than that of a mere wishful 
hypothesis.” In fact, he finds the imme- 
diate prospect for any practical atomic 
rocket “melancholy.’’ 

Soviet Mesons 

T WO Soviet physicists claim to have 
found no less than 16 types of sub- 
atomic pailicles in cosmic-ray debris. In 
work done more than a year ago, but 
only now reported outside the U.S.S.R., 
A, L Alichanian and A. I. Alichanov de- 
clare they have obtained photographic 
tracks of paiticles with the followmg 
masses (mass of the electron=l): 110, 
140, 200, 250, 300, 350, 450, 550, 680, 
850, 1,000, 1,300, 2,500, 3,900, 8,000 
and about 25,000. The photographs 
were made at a high-altitude cosmic-ray 




For less expensive 


reseaich station m the Caucasus. Ahcha- 
nian and Alichanov— who are hi others, 
although one of them has Russianized 
his name— repoit their studies m a letter 
to the British weekly Nature. 

Ameiican and western European 
physicists have accepted as established 
the existence of only two similai parti- 
cles, mesons of mass 215 and 284. These 
aie knocked out of atomic nuclei by 
either cosmic rays or high-energy ladia- 
tion from the most powertul atom- 
sniasheis, A third meson has never actu- 
ally been detected, but is generally 
Cl edited on theoretical giounds A 
fourth meson, with a mass of 800 to 
1,000, IS also accepted by some western 
physicists 

Syphilis Antibodies 

F urther details of how resistance 
to syphilis develops may lesult from 
a new technique for detecting syphilis 
antibodies in the bloodsti*eam Devel- 
oped by R. A. Nelson, Jr., and Manfred 
M. Mayei of Johns Hopkins University, 
the technique involves bringing together 
a sample of possibly infected blood and 
a specimen oJ live parasites. The pres- 
ence of antibody and infection is indi- 
cated by immobilization of the parasites. 
The procedure not only permits piecise 
determination of how much antibody is 
present but may lead to better methods 
for detecting syphilis. Although it is too 
laborious in its present form lor routine 
tests, its early use in doubtful diagnoses 
is anticipated. 

Spinal Cord Culture 

T WO University of Chicago physiolo- 
gists, Ralph W. Gerald and Robert 
T. Tschiigi, have succeeded m keeping 
a large section of a rat's spinal cord alive 
and functioning outside the animars 
body The section is an inch and a half 
long and runs from the base of the skull 
to the middle of the back. Placed in a 
ti'ough after dissection from the rat, it is 
supplied with blood or an artificial nu- 
trient through the spinal-cord arteries. 
Electrical stimulation of the cord's 
sensory nerve loots produces a response 
tliat may be indicated on a cathode-ray 
oscilloscope. 

Culture of the spinal cord will greatly 
simplify the investigation of nerve 
metabolism. Gerard and Tschirgi have 
already found five distinct substances 
capable of furnishing energy for nerve. 
(Glucose had previously been consid- 
ered the only energy source.) They have 
also been able to demonstrate that 
spinal-cord function— in apparent con- 
trast to accepted theories of brain func- 
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A BAKER’S 

DOZEN! 

★ ★ ★ ★ 

The good old days o-f earlier years 
are not en+irely out o-f existence. In | 
those earlier days, when one went 
shopping, it was customary in many 
cases tor the merchant to give good, 
liberal and often extra measure. In ' 
such instances the purchaser received 
what was termed, "A baker's dozen." 

This is exactly what has happened 
in our latest publication "ACETYLENE 
CHEMISTRY" by Julius Walter Reppe 
— Office of Technical Services (O.T.S.) 
Report PB )8852-s 

When we first received the micro- 
filmed copy of this report from O.T.S., 
Department of Commerce In Washing- 
ton, certain important parts had been 
omitted or overlooked by the original 
translator. We then asked the Office 
of Technical Services for the original 
report as written by Mr. Reppe and 
found approximately 50,000 additional 
words had never been translated or 
published. This additional material is 
now incorporated in the text as pub- 
lished by ourselves and has lengthened 
the report considerably Our first es- 
timate was that this book would com- 
prise about 125 pages whereas it now 
amounts to over 200. We are also in- 
cluding a complete table of contents 
plus a detailed subject index 

It may be that the "Joke is on us" 
but we are going to adhere to our 
originally quoted price — $10.00 per ' 
copy plus a minimum charge for post- 
age and handling — A BAKER'S DOZ- 
EN???? We leave it to you to answer 
that question after you once have seen 
and thoroughly checked it 

If you do not have a copy may we 
suggest that you order it as soon as 
possible. 

★ ★ ★ ★ 

CHARLES A. MEYER & CO., INC. 

T ransfaficns — T ecknical Research — 
Technical Pubficafions 

Sranil Central Terminal Building 
25 Vanderbilt Are., New York 17, H. Y. 




{-jon— c.in he icsloied iiltei tis much as oO 
minutes oi oxygen oi glucose depriva- 
tion The Gerard-T.schirgi technique 
may also open the \v.i\ for the study hi 
vitro of multiple scleiosis, poliomyelitis, 
convulsions and other disorders of the 
cenhal ncivous system. 

World Health Assembly 

E STABLISHxMENT of six “health 
demonstiation aieas” to show the 
opeiation of a coordinated, hilly devel- 
oped public health piogiam will be 
discussed at the second assembly oi 
the World Health Organization, which 
opens in Rome on June 13 and will con- 
tinue tor seveial weeks. Neaily 400 dele- 
gates and observers lepresentmg 59 
nations will attend the sessions. Only 
thiee membeis will be absent. White 
Russia, the Ukraine and the rest of the 
U.S.S.R. withdrew fiom WHO in Feb- 
ruary and consider themselves out of the 
organization, although the WHO charter 
has no provisions for the witlidrawal of 
members. The Assembly may refuse to 
accept their resignations. 

The health demonstration aieas will 
be one of the main features of WHO’s 
1950 program. Each will cover an area 
with a mixed urban and riual population 
of 100,000, in a countiy where some 
teaching and public health lacilities al- 
ready exist, so that training can lie given 
to personnel from neighboring nations 
and the work initiated by the demonstra- 
tion unit can be continued after it leaves. 
The areas will be in different regions of 
the world and will be chosen to leflect 
special regional pioblems. The list will 
include several regions wheie improved 
pubhc health can be expected to result 
m a rapid rise in food production. 

In addition, WHO plans to send out 
more medical demonsti-alTon teams to 
spread the campaign against tubercu- 
losis, malaria, venereal disease and the 
othei disorders listed by the First World 
Health Assembly as WHO’s initial areas 
of concentration. The first steps of a 
broad campaign against the parasitic in- 
fection schistosomiasis will also be un- 
dertaken. 

The 1950 program will increase the 
agency’s budget from the present $5 
million to $17 million. The American 
share will come to about $6.5 million, 
and although U.S. delegates aie ex- 
pected to agree to the assessment, a 
special act of Congress will be needed 
to authorize payment. Congiess last year 
voted to limit American WHO contri- 
butions to $1 9 million a year. 

German Chemical Industry 

A bout two fiftlis of the great West 
^ Gennan chemical industry is to be 
preserved, according to an agreement 
among Francg, Great Britain and the 
U.S. Tlie decision was based on a survey 
of the German chemical, steel, mechani- 


cal and nonfei 1 ous-inetal industries by 
the Industrial Advisory Committee of 
the Economic Coopeiation Administra- 
tion. A total of 881 plants was studied, 
oi udiich 144 aie to be letainecl m whole 
and 15 m part. Of the 75 chemical plants 
studied, 32 will leinain. 

Hardest hit is 1. G Farben, which 
will lose 27 of 50 plants, including 17 of 
the 80 lactones m the famous group at 
Ludwigshafen-Oppau on the Rhine The 
plants Faiben is to letain, however, aie 
nearly three quaiteis of the total number 
of chemical establishments permitted 
West Geimany. Unless the combine 
should be broken up, I. G. Farben will 
still be the stiongest element of the 
German chemical industry. 

The Anglo-French- American agree- 
ment also sets production ceilings The 
manufacture of a long list of chemicals, 
including synthetic liquid fuels, is pio- 
hibited outright. Only one synthetic 
liquid-fuel plant at Wesseling in the 
British zone will be permitted to operate, 
and that will be confined to the hydro- 
genation of otherwise useless heavy 
crude-oil lesidues Production of styrene, 
a basic synthetic rubber intermediate, 
will he limited to 20,000 tons a year. Sm- 
plus plants will he distributed among 
lire Allied powers as reparations. Since 
most of those earmarked lor this purpose 
have already been dismantled, the le- 
ducUon of the Geiman chemical indus- 
try is nearly complete. 

Arctic Iron Age 

A LARGE steel mill is being built in 
the town of Mo, in Noiway within 
25 miles of the Aictic Ciicle. Norway's 
first modem iron and steel plant will turn 
out 500,000 tons of rolling steel and 
180,000 tons ol pig iion annually and 
will be the largest industrial enterprise 
m the countiy. Owned Idv the govern- 
ment, the plant will be completed in 
1951. 

Because of Noi way’s lack of coal, the 
plant will smelt non me in electric 
furnaces, which use only the compaia- 
tively small amount oi coal needed to 
react with the ore. Heat for the process is 
supplied by electi icily from a nearby 
hydioelectnc station. The plant will use 
a specially piocessed low-grade ore from 
Dunderland, a few miles away. The 
world’s best non oie comes from the fa- 
mous deposit at Knuna, Sweden, which 
is not far fiom Mo, but there is no 
direct tiansportalion between the two 
localities 

Honors 

T he National Academy of Sciences 
and the American Plnlosophical So- 
ciety have chosen 37 U.S. and eight 
foreign scientists for membership. 
Among those selected by the Academy 
at its annual spring membership elec- 
tion were Paul R. Bui'kholder of Yale, the 


co-discoverer of chloromycetm, Ken- 
neth S. Pitzer, lesearch cliiectoi of the 
Atomic Eneigy Commission, and John 
L Savage who, as chief designei of the 
Bureau of Reclamation, has designed 
moie laige dams than any othei man m 
histoiy. P, A. M. Diiac, the Cambiidge 
Univeisity mathematical physicist, and 
Hideki Yukawa, the Japanese physicist 
who foiecast the discovery of the meson 
and is cunently a visiting piofessor at 
Columbia University, were named for- 
eign associates. Altogether the Academy 
voted in 30 new American and seven 
foieign membeis. 

The American Philosophical Society, 
which includes representatives of the ai ts 
and letters as well as sciences, elected 
several new scientific members. These 
include Saundeis MacLane, Univeisity 
of Clncago mathematician, the only 
person elected to both the Academy and 
the Philoso23hical Society, E. U. Condon, 
duector of the National Buieaii of 
Standards; and Max von Laue, the Ger- 
man physicist. 

Foundations 

A t least 899 private foundations are 
- operating in the U.S , according to 
the most complete survey yet made. The 
survey, piepared by Wilma S. Rich and 
Neva R. Deardorff of the Raymond Rich 
Associates, is published under tlie title 
Ameiican Foundations and Their Fields. 

Most important from the standpoint of 
science are about 100 foundations— 
nearly half of all giant-makmg institu- 
tions— that furnish money grants to other 
agencies to carry on research in the 
natural and social sciences. A smaller 
group of foundations give scholarships 
and fellowships to individuals, while 
others opeiate laboratories. The total 
numbei active in suppoiting science in 
one way or another cannot be deter- 
mined more precisely, because many 
foundations have nonspecific charters 
and shift their fields of activity fiom time 
to time. 

Detailed financial data were obtained 
fiom 240 foundations. These had capital 
assets totaling $1,539,966,000 and spent 
$56,779,000 last year foi purposes cov- 
ered by theii charters By far the lai gest 
loundations were the grant-making 
agencies. Numbering only 117 out of 
the 240 that made public then' financial 
reports, grant-making foundations had 
assets of $1,278,252,000 and spent 
$51,976,000. 

Nearly half the 899 foundations cov- 
ered in the suivey publish no informa- 
tion on either their finances or their 
fields of activity. Their silence, the sur- 
vey points out, is endangering the tax- 
exempt status of the private foundation. 


Meeting in July 
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MERICAN Society of Civil Engi- 
neers. Mexico City. July 13-15. 



by R. E. Lapp, Ph.D., Nuclear Physicist 
and Former Executive Secretary of the 
Committee on Atomic Energy, Research 
and Development Board, National Mili- 
tary Establishment. 

The author is a well-known authority 
on both the scientific and military aspects 
of atomic weapons. A member of the 
Manhattan Project during World War II, he later served with the War 
Department as technical adviser on atomic energy He has also acted as 
scientific consultant on atomic defense to the Office of Civil Defense 
Planning. 

Against an unusual background of scientific knowledge applied to military 
tactics. Doctor Lapp presents a straightforward, unemotional discussion of 
the offensive and defensive uses of atomic weapons. He evaluates the 
potentials of the atom bomb and points out the bomb’s definite limitations. 

Other subjects discussed: analysis of defenses against the atom bomb — 
radar picket fences — ■ defensive use of rockets and jet-propelled aircraft — 
delivery problems with new long-range bombers and guided missiles — 
target cities in the United States — possible attacks on New York and 
Chicago — radiation protection and air raid shelters. 

Written for the general reader in a vigorous and interesting style, MUST 
WE HIDE? clarifies much of the confusion that has surrounded tliis 
enormous problem. 

AT ALL BOOKSTORES • ILLUSTRAT«D $3,00 
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CANCER 

CAN STRIKE ANYONE 

Give and keep giving to help science 
defeat the disease that strikes, on the 
average, one out of every two homes in 
America Say to yourself , . . here is 
IHe-giving money fo help those stricken 
by Cancer to five again. 

EVERY NICKEL AND DIME 1 give 
helps support an educafional program 
teaching new thousands how to recog- 
nize Cancer and what to do about it. 

EVERY QUARTER 1 give helps set up 
and equip new research laboratories 
where scientists are dedicating their 
lives to End the cause — and cure of 
Cancer. 

EVERY DOLLAR 1 send helps buy new 
equipment, helps establish new facilities 
for treating and curing Cancer, both 
still pitifully scarce in this country . . - 
Guard those you love! Give to conquer 
Cancer! 

JUST MAIL IT TO ‘‘CANCER” 

^ Give as generously as you can 
— today. Just mail your check 
or money order in an envelope 
addressed to "Cancer^*. Your 
local -post office will deliver it 
to the American Cancer So- 
ciety office in your state, ^ 

AMERICAN CANCER SOCIETY 
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MADE TO RIGID MILITARY SPECIFICATIONS 

These magnificent 7x50 prism binoculars were 
obtained through the Supreme Commander of the 
Allied Powers They have the brilliant luminosity, 
precise clarity, and wide, urvdistorted field of 
view obtainable only with a good large glass. 
Because 7x50 glasses give the highest performance 
obtainable they are now the official choice of the 
Army, Navy and Marine Corps This is your oppor- 
tunity to purchase a brand new 7x50 AT OP 

THE USUAL COST Lifetime construction. Light- 
weight aluminum body. (Individual eye focusing.) 
Ultra-precise optics, sealed against moisture and 
dust Unsurpassed by any other binoculars, re- 
gardless of price Richly finished case and straps 
Included. Sold with a guarantee of complete 
satisfaction or money refunded. 

Price With Price With 
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*Pfus 20% Federal Tax 
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TEMPERATURE 

PmSIGS 


At normal temperatures matter is in ceaseless thermal motion. 
Physicists have accordingly reduced it almost to absolute zero 
to expose some subtle properties that are otherwise obscured 

by Harry M. Davis 


I T was quitting time at the National 
Bureau o£ Standards. Most ol: the 
technicians were joining their car 
pools to enter the stream oi ti'afEc on 
Connecticut Avenue, but m the low- 
temperature laboratory a fresh batch 
of the coldest fluid was ready to be 
siphoned from Russell Scott’s home- 
made hehum liquefier. It was J. R. 
Pellam’s timi to draw the piecious re- 
frigerated liquid, and dinner could wait. 
As he set the vacuum-insulated flask 
of hquid helium carefully inside another 
vacuum-msulated flask of liquid oxy- 
gen, connected the vapoi-pressm*e 
tliermometer and adjusted a clamp on 
the hose to die vacuum line, Pellam 
made a remaik that explained much of 
the fascination diat low-temperature 
physics, or cryogenics, has for its 
workers- “We are beginning to learn,” he 
said, “what lies beyond the theimal 
chaos.” 

Thermal chaos is more than a figure of 
speech. It is the random movement of 
molecules in every substance we touch, 
in die air around us, in our very proto- 
plasm. It is thermal chaos, in fact, that 
makes life possible. Without it molecules 
could not collide and interact in the 
ceaseless round of metabolism. 

One of the greatest discoveries of the 
19 th century was diat heat was not a 
“subtle fluid,” as earlier philosophers 
had thought, but a condition of matter. 
In England, where thermal chaos was 
first harnessed to drive the steam engine, 
scientists began to pronounce in their 
lectures that ^Tieat is a mode of motion.” 
It was a triumph of diis period that the 
laws of the pressure, the volume and 


the temp era till e of gases could be drawn 
fiom the statistics of va^st numbers of 
particles moving and colliding in a for- 
tuitous fashion The totality of their 
impacts pushed the moving piston, the 
totality of their kinetic energies was 
their content of heal, 

Noimally we expeiience the smooth, 
regular result of the law of aveiages 
working over enormous populations of 
moving molecules. We have the steady 
reading of a thermometer, die smooth 
spinmng of a steam tuibine, the definite 
speed of sound in air of a given tempera- 
ture. Under certain conditions, however, 
die thermal chaos can be seen and heard. 
It can he seen in the microscope, under 
which, as the British botanist Robeit 
Brown observed more than a century 
ago, tiny particles are never entirely 
still. Brown s name is perpetuated in this 
Biownian movement. 

It is easier to listen to thermal chaos. 
The only necessary apparatus is a ladio 
set. The noise heard when the set is not 
tuned to a station and the volume is 
turned up is nothing but die amplified 
effect of electrons boiling at random in 
the thermionic tubes. In fact, die diermal 
agitation that the power engineer defines 
as heat has a less flattering definition in 
the vocabulary of the communication en- 
gineer. It is “pure noise,” the frustrating 
factor that limits the sensitivity of a re- 
ceiver, since more amplification will 
build up the set’s own electronic noise 
as much as the incoming signal. One of 
the practical applications that can now 
be envisaged Rom low-temperatnre re- 
search is the use of a refrigerated crystal, 
free of internal noise, to pick up radio 


signals far fain lei than die diieshokl of 
a heated radio tube. 

Accepting the fact that matter at 
familiar tempei alines is m a state of 
thermal chaos, dicro arc two ways of 
bringing order out of il. Tlic usual way 
is to deal with vast molecular popula- 
tions, where die laws of probability woik 
out so that individual fluctuations are 
not noticeable. Thus, perfoice, will con- 
tinue lo be the usual way of doing busi- 
ness with natuie. The other way, which 
is pursued in ciyogenic laboratories, is to 
lemove as much as possible of the en- 
eigy of motion, silence the “pure noise” 
of random movement, and see what hap- 
pens when matter approaches utter 
stillness. 

We shall see that below the tempera- 
lines of thermal chaos matter behaves 
111 strange and excitingly different ways, 
exhibiting novel responses to the stimuli 
of electricity, magnetism and heat. 
There are superconductors of electricity, 
screens against magnetism, new forms of 
wave motion, and, in the case of helium, 
a “fourth stale of matter” which cannot 
be strictly defined as either a liquid, a 
solid or a gas. These odd phenomena 
have made low temperatures one of die 
most fascinating frontieis of current 
physical research. 

Most U.S. woik at this frontier is 
sponsored by the Office of Naval Re- 
search, die scientific administrators of 
which have not demanded immediate 
practical results, military or otherwise. It 
is enough for them that there is knowl- 
edge to be gained that will lead to a 
better understanding of metals, crystals, 
liquids and gases, of electrical resistance 



and induction, of electrical conductors, 
semiconductors and superconductors 
Asked about the usefulness of it all, they 
will refei to the classical cliche, '‘What 
good IS a newborn baby^” 

Low Temperatures in Industry 

We might fiist examine some of the 
baby's older brothers, earlier progeny 
of low-tempeiatuie research that have 
grown to healthy matmity On the long 
road from zero degrees Centigiade (the 
heezing point of water) to zeio degiees 
Kelvin (“absolute zero/' 273.16 degrees 
lower), low-tempeiature lesearch has 
hi ought about such things as household 
refrigeration and the mass pi eduction 
of pure oxygen and mtiogen from 
liquid an 

Liquid oxygen lepresents the nearest 
large-scale commercial approach to the 
tempeiatures of the ciyogenic labora- 
tory. Its temperature is not fai above tlie 
laboratory lange. At atmospheric pres- 
suie oxygen's boiling point is —182.97 
degrees C., only 90.19 degrees above 
absolute zero. 

When the first detectable mists of 
liquid oxygen were obtained in ] 877, it 
could haidly have been predicted that 
the product would be distrilDuted in 
tank-car loads lor use in oxy acetylene 
torches; or that 'dox/' as the aviatois 
have abbreviated it, would permit the 
fast burning of fuel in the first long- 
range rocket, the V-2, and the hist super- 
sonic airplane, the X-1 The Linde Air 
Products Company, pioneci pioducer of 
liquid oxygen, began by shipping oxygen 
as a gas under a piessure of 2,200 
pounds pei square inch, and still does 
so to smaller users. For biggei custom- 
ers, it ships liquid oxygen at —182.97 
degiees C. (or —297 degrees on the 
Fahrenheit scale more famihar to indus- 
try). A single tank car cairies as much 
oxygen as 11 freight-cai loads of the 
pressurized gas cylinders. 

The big prospect of the air-liquefac- 
tion industiy lies in the possible use 
"o£ moderately pme oxygen, or oxygen- 
enriched air, to speed up combustion 
in industry, notably in the making of 
steel. Four fifths of air is inert nitrogen, 
and this natural mixture can stand arti- 
ficial improvement for the purposes of 
combustion. The production of oxygen 
f 1 om the ail , of course, leaves four times 
as much nitrogen as a by-product, and 
commercial applications for the latter 
are being sought. 

One such application is for assembling 
products where a tight fit is needed. A 
common method is expansion fitting, 
similar to the housewife's trick of putting 
a tight jar under hot water to expand 
and loosen the cap. The outside member 
is expanded by heat and shrinks back 
tightly on the inside part as it cools. The 
use of liquid nitrogen, which will quickly 
cliill a piece of metal to —320 degrees 


F., makes it possible to shiink the inside 
member fiist, put it in place, and let it 
expand to a tight fit as it returns to room 
tempeiature. Liquid oxygen has been 
used for shi inking, but it creates an ex- 
plosion hazard m the atmosphere. Liquid 
air has the same disadvantage because 
the nitrogen boils off first, leaving liquid 
oxygen again. 

Liquid ail, liquid oxygen and bqmd 
niti*ogen have thus earned then* keep. 
They are also important as auxiliaries 
m reaching the tempeiatuies of liquid 
hydrogen and liquid helium, either to 
chill them or to interpose an insulating 
barrier between them and the outside 
an* In the history of cryogenics, then' 
liquefaction seived as milestones along 
the load toward the still unattamed 
and probably unattainable goal of abso- 
lute zeio. 


The Absolute Scale 

Thus far we have used, in about the 
manner they are normally employed in 
science and industi*y, thiee different 
scales of temperature and three diffeient 
definitions of zero, The tliree scales more 
or less reflect the history of man’s un- 
derstanding of heat and cold. Gabiiel 
Daniel Fahrenheit, the Geiman physicist 
who made his living in England and 
Holland by manufacturing meteorologi- 
cal instiumenls, set zero at the lowest 
temperatuie he could obtain by a freez- 
ing mixture, On this scale, “absolute 
zero” is —459.6 degrees F. In 1742, 
six years after Falmenheit's death, the 
Swedish asti'onomer Anders Celsius pro- 
posed a scale with the freezing point of 
water at atmospheric pressuie as zero 
and its boiling point as 100. This scale, 
usually called Centigrade, was officially 
renamed the Celsius scale last year by 
tlie Ninth International Conference on 
Weights and Measm*es in Paris. Since 
the abbreviation C. is ^ retained, the 
change is not momentous. On the Centi- 
grade or Celsius scale, absolute zero is 
—273.16 degiees C. 

Both the Fahienheit and Celsius 
scales are essentially arbitrary, like the 
pound, the kilogram, the meter or the 
mile. In 1848, with the increasing ther- 
modynamic sophistication of science, 
the great Lord Kelvin proposed his “ab- 
solute” scale. Tliis retained the Celsius 
degree but shifted zero to its location in 
natiue. Absolute zero is by definition 
zero degrees Kelvin, and degrees K. will 
be used henceforth in this article. 

No one has ever reached absolute 
zero, and it may be stated with a fair 
degree of confidence that no one ever 
Will. The argument for tliis is analogous 
to the indeterminacy principle encoun- 
tered elsewhere in physics In order to 
measure die temperature of a substance, 
some energy must be exchanged be- 
tween the substance and its environ- 
ment. The moment we have energy, 
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THERMOMETER of significant 
temperatures in physics is plotted by 
logarithmic scale to show the detail 
of the regions close to absolute zero. 


31 




THE ENGLISH were among the pioneers of low-tcmperaturc physics* This 
photograph, from David Shoenherg of the Royal Society Mond Laboratory 
at Cambridge University, shows Sir James Dewar, liquefier of hydrogen. 



THE RUSSES have Hetm active in the field. The Soviet physicist Peter 
jvapitza bmlt the first hcKnm-engine type of cryostat. In this picture the 
engine is at the left. In it the heKnm cools itself hy pushing g piston. 
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however, we me not at absolute zero 
The term implies the absence ol thermal 
eneigy. Another argument is that the 
pioblems oi heat removal inciease as we 
get closer to absolute zero It is not ter- 
ribly difficult to cool oxygen horn its 
room temperatiiie of about 300 degrees 
K, to its boiling point of 90 degiees. It 
IS a good deal haider to get to the hydro- 
gen boiling level of 20 degrees. It takes 
much more eflort to attain the hqmd- 
helium level of 4.2 degrees at atrnos- 
pheric pressiue, or 1 degree iu a good 
vacuum. It requires additional magnetic 
apj^aratus to chill the helium to .01 oi 
.001 degiee. Phy.sicists are still ponder- 
ing the pioblem of magnetically lining 
up the nuclei oi atoms to get to the 
millionth-o£-a-degiee lange. As for 
closer approaches to the goal of absolute 
zero, the obstacles appear to be absolute- 
ly infinite. 

This ultimate barrier does not deter 
low-temperature investigators any more 
than the infinite distances of the uni- 
verse intimidate astronomers. The low- 
temperatuie woikeis have an advantage. 
Fiom the propeities of matter which are 
dependent on tempeiature, they know 
at least wheie their limit lies. 

Descending the Scale 

The chionology of man s descent into 
the depths of temperatuie goes back to 
the latter part ol the IStli centmy. The 
issue then was not low temperature as 
such, but the question of whether all 
gases could be liquefied. Some experi- 
menters used pressure, otheis used cool- 
ing, others used both. Ammonia gas was 
liquefied m 1798 Then, at the Royal 
Institution in London, Michael Faraday 
turned his experimental genius to the 
problem, and in rapid succession lique- 
fied chlorine, carbon dioxide, nitrous 
oxide and other compounds. By 1835 the 
Fiench chemist C. Thilorier had pro- 
duced solid carbon dioxide, the '"dry ice” 
of today, 

But tiy ns tliey might—and they tided 
mightily by squeezing gases with pres- 
sures of hundreds and even thousands of 
atmospheres — the early experimenters 
could not liquefy the thiee most com- 
mon gases: oxygen, hydiogen and nitio- 
gen. These became known as “permanent 
gases,” appaiently resisting the law that 
any kind of matter could be louiicl in the 
tliree states of solid, liquid, and gas. 
Not until 1869 was it realized that each 
gas has its critical temperature, above 
which no amount of pressure will reduce 
it to a liquid. For the three gases men- 
tioned, the critical temperatures are now 
known to be: 

Oxygen 154.4 degrees K. 

Nitrogen 126.1 degrees K. 

Hydrogen 33.3 degrees K. 

Note that these are the temperatures 
at which liquefaction will occur under 








compression At atmospheiic piessmc the 
coiresponclmg tempeiLitiiies die lowei. 

Oxygen 90 1 degrees K. 

Nitiogen 77.3 degrees K 

Hydrogen 20 4 degrees K 

To make this list ot low-temperature 
gases complete we may push ahead of 
our narrative to the discovery of helium 
m the sun, its extraction horn rocks and 
gas wells on the earth, and its liquefac- 
tion at a ciitical pressme at 5.2 degrees, 
and at atmospheric pressure at 4.2 
degiees. 

The liquefaction was achieved in the 
order of descending temper atm es. Oxy- 
gen was liquefied in 1877, nitrogen in 
1883, hydiogen m 1898. One thing had 
led to another physically as well as 
chronologically, for the expeiimenteis 
geneially employed one liquefied gas to 
cool the next. It was with the aid of 
liquid air that in 1898 Sir James Dewar 
brought hydrogen to the temper atm e 
from which it could be further cooled to 
its liquefaction. Thus by tlie end of the 
19th century all the “permanent” gases 
had been liquefied. 

The 20th-century interest m these 
gases has largely passed from physics to 
industry. The applications of liquid oxy- 
gen and nitiogen have already been dis- 
cussed. Liquid hydiogen may also have 
an important future, if expeiiments at 
Ohio State University point the way to 
mterplanetaiy rocket propulsion. A 
miniature rocket engine has been lim- 
ning there, fueled by liquid hydiogen 
burned by liquid oxygen. This combina- 
tion yields the highest exhaust \^elocity 
yet attained. 

The man who fiist liquefied hydiogen 
also invented a device used in every 
ciyogemc laboratory. The Dewar flask, 
01 , to use the common noun, the dewar, 
is the laboratory counterpart of the 
Thermos bottle. The double thickness 
of silvered glass enfolding a vacuum pre- 
vents the tiansfer of heat, thus keeping 
coffee hot and hydrogen cold. Modern 
laboratories usually employ a double 
dewar: a dewai filled with liquid helium 
immeised in a dewar filled with liquid 
hydi'ogen or liquid air. In such an ar- 
rangement the bainers to heat conduc- 
tion, reading from the liquid helium out- 
ward, are: glass, silver, vacuum, silver, 
glass, liquid air or hydrogen, glass, silver, 
vacuum, silver, glass. 

The story of modern research at the 
lowest possible temper atm es is the story 
of helium, first discovered on earth at 
the end of the 19th century. At tlie cele- 
biated cryogenics laboratory of the Uni- 
versity of Leiden, run for many years 
under the benevolent Dutch dictatorship 
of Heike Kamerlingh Onnes, lieHum was 
reduced to the liquid form for the first 
time on July 10, 1908. It was die last of 
the gases to yield to man-made cold. By 
pumping vapor away from the smdace 
of liquid helium, thus cooling the latter 


bv cvapoiation, Kamerlingh Onnes even- 
tually leached a temperature within .7 
degiee of absolute zero. This is still 
about the lowest that can be attained 
without resort to the newer techniques 
that will be desciibed piesently. 

Methods of Chilling 

Theie are a number of wavs of achiev- 
ing low tempeiatures, and these may be 
used m vaiious combinations. Fiist 
there is the refngeiation cycle of the 
ijQusehold lefrigeiator. a vapor is com- 
pressed by a pump and cooled by circu- 
lating water, to which it yields its heat. 
This condenses the vapor into a hquid 
which IS allowed to evaporate again, le- 
moving heat from the interior of the 
lefngerator, The method does not suffice 
to reach tiuly low temperatures. 

One of the classical methods is a sim- 
ple sequence of compression, heat ex- 
change, and expansion. The gas to be 
cooled is compressed by a pump, a 
process which causes it to get warmer. 
The added heat is removed by passing 
the gas through a pipe sui rounded by 
another pipe containing a colder liquid. 
In making liquid air, for example, the 
cooling may be done by water, m making 
liquid hydiogen, the cooling may be 
done by liquid air, and in making liquid 
helium, the cooling may he done by 
liquid hydrogen. The compressed and 
cooled gas is now allowed to expand 
tluough a nanow oiifice, which cools it 
even more. 

This cooling by expansion was first 
proposed by the Biitish physicists James 
Prescott Joule and William Thomson, 
later Baron Kelvin of the degiee K., and 
for them it is named the Joule-Thomson 
effect. Often the gas cooled by the fore- 
going process is used to cool the in- 
coming gas, so as the process goes along 
the gas gets colder and colder until it 
finally liquefies. In the case of helium 
the Joule-Thomson effect operates only 
after the gas has been cooled to the 
tempeiature of liquid hydrogen. 

Amother method, theoretically obvious 
long ago but only recently applied on a 
major scale, is to allow helium to drive 
an engine so that it gives up its thermal 
energy in mechanical motion. Helium at 
room temperature is something like 
steam far above the boiling point of 
water. Under the right conditions it will 
drive a small version of a steam engine, 
and just as the spent steam turns to 
water the exhaust helium turns to liquid. 
All this is easier said than done because 
no lubricant will serve to ease friction 
at the temperature of liquefying helium, 
and die engine must be built with such 
close mechanical tolerances that only a 
thin stream of hebnm gas will escape 
between the piston rings and the cylin- 
der wall. 

Peter Kapitza, the Russian physicist 
who is now presumably engaged in 


atomic research, dev'eloped such a 
helium engine while working in England 
before the war He chilled helium to the 
temperature of liquid air and lan it 
through a one-cylinder engine from 
which it emerged as a liquid. C. T. Lane 
of Yale Umversity built a similai ap- 
paratus, thus establishing one of the 
first few laboratories in the Western 
Hemispheie capable of working witli 
liquid helium. E F. Burton of the Um- 
veisity of Toionto and W F. Giauque of 
the Uiiiveisity of Calif orma had earliei 
used other methods of attaining such 
temperatures. 

Until only a few years ago e\^ery low- 
temper atuie laboratory had to build its 
own low- temperature apparatus. The re- 
search worker had to be a first-class 
refrigeration engineer, one result being 
that every ciyogemc apparatus was 
umque. Another lesult was that there 
were few cryogenic laboi atones. The 
situation has changed with the develop- 
ment of a helium-engine tyqie of ap- 
paratus by S. C. Collins of "the Massa- 
chusetts Institute of Technology. It is a 
two-cylinder engine, with the cylinders 
airanged so that the cold exhaust gas of 
one cools the intake gas of the other. 
With this appaiatus, and without the 
assistance of intermediate coolants such 
as liquid hydrogen or liquid air, it is 
possible to pioceed directly fiom the 
temperature of cold tap watei to that of 
hquid helium. The helium is com- 
jiressed in powerful compiessois, cooled 
hy water and sent tlirougli the two-stage 
engine. 

An ex-student and co-worker of Col- 
lins, D. O. McMahon, left M.LT. to join 
the labor atones of Arthui* D. Little, Inc., 
a few blocks up Memorial Drive in Cam- 
bridge. There, in addition to cairying on 
low-temperature research of his own, 
McJ^Iahon has put tlie Colhns Helium 
Cryostat into what, for tliis field, can be 
regarded as mass production. Nineteen 
of the machines have aheady been 
shipped to laboratories all over the coun- 
tiy. The Naval Research Laboi atory 
alone has three. This means that a 
physics laboratoiy, having decided to go 
into low-temperature lesearch, does not 
have to wait a year or two until its 
physicists build a ciyogenic apparatus 
and perfect it. At a cost of about 
$22,000, the laboratory can be in busi- 
ness almost immediately. Collins is now 
building a gigantic cryogenic apparatus 
for himself, about which workers in other 
laboratories speak with awe. The rumor 
IS that it will provide a working space, 
all at the temperature of liquid helium, 
as big as a large refrigerator. 

The Properties of Helium 

Helium might be called the “less” gas. 
It is colorless, odorless, tasteless, and so 
nearly weightless that its principal use 
is for the inflation of balloons. Hydrogen 
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is even lighter, but hydrogen burns, as it 
did m the Graf Ze^^pehn. Helium is one 
of the 'noble’' gases, it disdains to react 
with other elements It was first discov- 
eied in the specti’um of the sun, where 
it IS believed to be the final inert prod- 
uct of the nuclear reaction which is the 
source of the sun’s ladiant energy On 
earth it is created by the radioactive 
breakdown of heavy elements such as 
uianium and radium. Their alpha rays 
are the nuclei of helium atoms, consist- 
ing of a family of two protons and Uvo 
neutrons. These particles capture a pan* 
of elections as satellites and become 
helium atoms Nuclear physicists some- 
times reverse the process, strapping 
away the elections to use the alpha pai- 
ticles as piojectiles in such machines as 
the cyclotron. 

On the current frontiei of cryogenic 
research, hehum plays a dual role. As a 
hquid, it IS a cuiious and fascinating 
substance that is occupying the full at- 
tention of many experimenters and 
theorists. As a cold liquid bath, it causes 
substances immersed in it to exhibit the 
curious and fascinating properties of all 
matter shorn of most of its thermal chaos. 

The fascination of liquid helium itself 
deiives fiom phenomena that occur 
when its teniperatuie is reduced to 2.19 
degrees K. Pictme a dewar of freshly 
made liquid helium inside a dewar of 
liquid air. There me narrow vertical 
slits of unsilveied glass on both dewars, 
and when they are turned to coincide, a 
window is formed through which the 
experimenter obseives the liquid. Both 
the liquid an and the liquid helium, 
frigid though they be, are boiling just 
as water boils in a teakettle at 373.1 de- 
grees K. The air bubbles are large; the 
helium bubbles are small. The outside 
dewar of liquid air is vented, keeping 
it safely at atmospheric pressure. The 
inside dewar of hquid helium is con- 
nected to a vacuum line which draws oiEE 
tire vapor so that the remaining liquid 
will get still colder. 

As die helium reaches 2.19 degrees, 
the boiling seems suddenly to stop The 
surface is as smooth as glass, although 
jellylike ripples may run across it. Its 
temperature continues to drop. Vapor 
IS still formed and drawn away, but it 
escapes without noticeably ruffling the 
surface. The helium has evidently en- 
tered a new state. Because of many 
other curious properties, it has been 
given the name helium 11. 

Is it still a liquid? Liquids have vis- 
cosity, and in some respects helium II 
has none. It flows through the narrowest 
of orifices. Low-temperature workers 
were annoy^ed by the difficulty of mak- 
ing leakproof containers for it until they 
realized that this was demonstrating a 
new kind of matter ^ 

Is it a gas? Hehum II atoms are more 
mobile than the atoms and molecules of 
gases. But they obey the law of gravity 


as a liquid does, lemaiiimg at the bot- 
tom ot containers. They also form a sur- 
face which will seek its own level more 
diligently than water 

Is it a solid? One would expect that 
if a substance liquefies at 4.2 degiees 
and undeigoes another change of state 
at 2,19 degrees, the second change 
would be heezing. In fact, when this 
state was discoveied theie were attempts 
to show that it was some kind of ciystal- 
Ime an ay. There is no solid as agile as 
helium II; it flows, poms or dances 
through the narrowest cievice. Besides, 
theie IS a solid helium. While it cannot 
be obtained under atmospheric pres- 
sure with the lowest tempeiatures yet 
leached, it has been obtained by build- 
ing up the piessure to 25 times that of 
the atmospheie. 

Physicists have worked out a diagram 
of the states of cold helium that may be 
seen at the top of page 36, Because the 
intei section of two of the lines on the 
graph is reminiscent of the shape of a 
slightly tilted Greek letter A., or lambda, 
cryogenics has adopted the term “lamb- 
da point” foi the riansition to helium II. 

If the jouiney past the lambda point 
does not take us to a solid, a liquid, or 
a gas, what is helium II? Physicists have 
been driven to calling it "the fourth state 
of matter.” Some ot them describe it as 
"the quantum fluid,” of which moie 
later. The phenomena that ui gently le- 
qmie explanation are “the creeping 
film,” “the fountain effect” and “second 
sound.” 

Let us begin with the case of the 
creeping film. If the bottom ot a small 
vessel IS placed in helium II, an unlikely 
thing happens. The liquid helium climbs 
up the sides of the vessel and fills it 
to the same level as the surrounding sur- 
face. If the vessel is then lifted, the 
helium chmbs back over the edge and 
down to the surface again. Water or any 
other well-behaved liquid will, ol course, 
find its level but such liquids need a pipe 
or a primed siphon. In some peculiar 
way hehum II gets around on its own. 

The fountain effect occurs when a ves- 
sel which narrows to fine tubes at top 
and bottom is lowered into helium II, 
Sometimes the bottom of the tube is 
filled with finely ground powder. Helium 
II infiltrates the lower tube with ease If 
the vessel is then warmed by light, 
helium will spuit through the upper tube 
in a spectacular fountain, 

Second sound is related to the fact 
that helium II is a superlative conductor 
of heat. Warm one end of a vessel, and 
a pulse of heat will be quickly conveyed 
to the other end. This phenomenon 
might be described as a heat wave 
propagated quickly through the coldest 
kind of matter. Because it is analogous 
to the pressure waves of sound, the Rus- 
sian physicists who first discovered the 
phenomenon in Moscow near the end of 
the war called it second sound. Its ex- 


istence, which had been piedicted by 
both Russian and Ameucan physicists, 
was soon confirmed by Lane at Yale. 
The phenomenon is now being studied 
intensively in many laboratories. Peilani, 
for example, sends pulses of heat 
thiough helium II at diffeient tempeia- 
tures, and by electiomc methods has 
displayed the lapse of time between the 
transmitted and received temperatuie 
signal on a cathode-iay tube. 

In cryogenics, unlike other branches 
of physics, theie appeals to be a tree 
exchange of mtormation among nations, 
U S. low-temperatui e workers keep a 
close watch on the Russian ]ournals. A 
typical U.S paper m low-tempei ature 
physics will bcai footnote refeiences to 
"j- Phys. U S S.R.,” citing the theories 
and expel iments ol Kapitza, Landau, 
Peshkov and Andronikasvilli. In this 
coldest of all scientific disciplines, the 
cold war is diiected against the seciets 
ot nature. 

One of the most revealing eccentiici- 
ties of helium II was predicted by Lan- 
dau and in 1946 was observed by 
Andionikasvilh. His expciiment was to 
rotate a vessel of chilled helium and to 
measuie its inertia. As the temperature 
dropped below the lambda point, the 
vessel’s lesistance to acceleiation rapidly 
deci eased. The only explanation was 
that a consideiablc uumlier of the atoms 
m the helium II wcic not paiticipating 
m the rotation. This component, as Col- 
lins puts it in a recent survey, “does not 
take part m the rotary motion, but glides 
through the inteipenetiating atmosphere 
ol normal helium atoms without fric- 
tion.” It IS as^ though a man in a tightly 
packed crowd could remain motionless 
while the crowd surged past him. 

What IS the explanation for these 
strange occuiiences in helium II? Phys- 
icists have adopted the concept that, 
even at a degiee or two above absolute 
zero, an increasing proportion ot the 
helium atoms drop to a “zero eneigy 
state.” It is here that the concept of the 
quantum fluid is necessaiy. The quan- 
tum theoiy states that the energy of an 
atom cannot be gamed or lost continu- 
ously but must come in ceitain pre- 
scribed amounts. A graph showing the 
loss of energy with temperature would 
be a series of steps rather than a smooth 
curve. At ordinary temperatuies the steps 
are so small in proportion to the total 
thermal energy that the individual atom- 
ic quanta do not mar the smoothness of 
tlie curve. At a degree or so above abso- 
lute zero, however, we are on the last 
few steps from the bottom of the stair- 
case. If more energy is withdrawn, it is 
no longer possible for all of the atoms 
to shift to lower levels while maintain- 
ing a noi'mal “probability distribution.” 
Some of the atoms on the step next to 
the bottom will lose all their remaining 
thermal energy with the emission of a 
single quantum. They will drop to the 
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LIQUEFACTION of air was aecomplisliecl in early ap- 
paratus (A) by compressing it to 150 atniosplieres, al- 
lo^ving it to expand through a nozzle^ and circulating 
the gas tlins cooled around the incoming gas. The latter 



LIQUID HELIUM behaves strangely when it is cooled travels may he measured by timing its arrival at the top 

to 2,19 degrees K, If a vessel is lowered into it (A) , the wire on a glass bulb (C). If helium is allowed to enter 

helium climbs in. If the vessel is lifted out of it (B) , the a fine tube at the bottom of another vessel (D) , it will 

helium climbs out. The speed with which this film spurt from the tube at the top when light is shined on it. 


was then made progressively colder until it liquefied. 
Lower temperatures of liquid hydrogen and helium 
were attained by the same means (B and C) except that 
gas was circulated through another gas already liquefied. 
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PHASE DIAGRAM of lielium shows the relationship of lieliiim II to the 
■usual three phases of an element: gas, liquid and solid. The traxisition from 
helium I to helium II is called the lambda point Ijecause the intersection of 
line AB with otlieis is roughly comparable to the Greek letter X, or lain]>da. 



LOWEST TEMPERATURES are attained by suspending a certain salt in a 
container of liquid heliupt between the poles of a magnet. Helium gas is first 
allowed into vacuum chamber to cool salt* Gas is removed and salt is 
further cooled when magnet lines up molecules and stills thermal motion. 


'‘criound state,” while the others lemain 

o 

one, two, or more steps up 

These giound-state atoms are pre- 
sumably responsible loi the many foibles 
of helium II. The coldei the helium, the 
more of its atoms will be m the ground 
state Thus there is a mixture of two 
fluids, a normal fluid and a “superfluid,” 
's^hich do not inteiact with each other 
except that with the loss oi gam of heat 
an atom can go Irom one state to the 
othei 

The gioimd-state or supei fluid atoms 
aie believed to remain aloof when a ves- 
sel ol helium II is lolaled. It is they 
that find their way thiough the narrow- 
est crevices, that creep up the walls of 
containers. The ' fountain effect may 
occur on a one-way stieet policed by a 
kind of quantum traffic cop. The giound- 
state atoms proceed thiough the narrow 
channel, and at the fai end are warmed 
by an outside souice of energy. This 
laises them to a normal state in which 
they cannot get back thiough the nai- 
row entrance. Meanwhile moie ground- 
state atoms aie coming in, with the re- 
sult that enough pressure might be built 
up to create a fountain 

Second sound is likewise explained by 
the transformation of giound-stale atoms 
outwaid from the source of heat in a soit 
ol wave front. The ground-state atoms 
move back to replace those that have 
been heated. Then they slide through 
the normal atoms without friction. 

These are the somewhat ciude visuali- 
zations oi a theory based on qiiantum- 
mechamcal mathematics. The theoiy 
was derived by Laszlo Tisza of M.I.T. 
and Fritz London of Duke University 
horn a mathematical generalization of 
Albert Einstein and the Indian physicist 
S N. Bose. The “Bose-Einstem sta- 
tistics,” the explanation of which is be- 
yond the scope ol this article, were 
expected to apply to the abundant iso- 
tope of helium which has an atomic 
weight of 4, but not to the rare isotope 
which has an atomic weight of 3. The 
theorists predicted that it a supply of 
became available, it would not en- 
ter the quantum-fluid condition at low 
temperature. In other words, experimen- 
talists could expect no He-’ 11. 

Several groups have therefore at- 
tempted to achieve the sepaiation of 
helium 3 by means of the fountain effect 
and similar processes depending on 
supei fluidity. At Ohio State and Yale a 
concent! ation of helium 3 was obtained 
by utilizing the fact, that it did not act 
as a superfluid below the lambda-point 
temperature fov ordinary helium. 

Meanwhile the powerful devices at 
the disposal of the Atomic Energy Com- 
mission were put to work on the prob- 
lem. In the nuclear reactor, hydrogen 3, 
or tritium, was being made by trans- 
mutation As it decayed by radioactivity 
it turned into helium 3. With this first 
pure supply of the rare helium isotope, 
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the customary tests lor a siipeillmcl were 
re-enacted. 

Befoie levealmg the denouement to 
those readers who did not read it in The 
Physical Review or m the lepoits which 
appealed in some newspapers and maga- 
zines, the suspense may be heightened 
by pointing out that this was to be the 
crucial test ol the London-Tisza, or 
“American,” theory oi supei fluidity as 
opposed to that ot Landau in Moscow. 
Both theoiies had accounted in difterent 
ways for jihenomena observed up to that 
time, and both had scored successful 
predictions ot earhei experimental re- 
sults. 

As lecently as August of last yeai 
Tisza, writing in Physics Today, said: 
“It the Bose-Einstem statistics is essen- 
tial for the superfluidity of the abundant 
isotope He**, then He'* should be not 
superfluid. . . . On the other hand, ac- 
cording to the other theories, no essen- 
tial difference can be expected for the 
two isotopes.” 

Tisza concluded: “If the separation of 
He^ in sizable amounts is indeed pos- 
sible, the study of this substance would 
be of consideiable interest. It would be 
the only case where two stal^le isotopes 
have radically different properties. It 
seems very likely that cannot exist 
in the liquid state at all. Such a liquid 
should have a vanishing dynamic vis- 
cosity and a high kinetic viscosity. 
Either we will have a liquid of entirely 
unheaid-of pioperties, or the system will 
avoid the dilemma of the large and small 
viscosities by not liquefying at all, but 
will either Ireeze or lather stay a gas at 
vanishing pressure and temperature. It 
is to be hoped that the expeiimentai 
decision of this question will be forth- 
coming before long.” 

The experimental decision came from 
die laboratories of the AEG at Los Ala- 
mos in Januaiy, 1^49. S. G, Sydoriak, 
E. R. Grilly and E. F. Hammel showed 
that helium 3 does become a liquid, at 
3.2 degrees. In hlarch, however, D W. 
Osboine, B. Weinstock and B. M. Abra- 
ham of the Argonne National Laboratory 
announced that helium 3 does not pass 
over to a superfluid in the same manner 
as helium 4, even when it is cooled to 
1.05 degrees. Thus the principal London- 
Tisza prediction of the differences be- 
tween the two isotopes was borne out. 
Tisza's further prediction that helium 3 
would not liquefy at all was obviously 
not. Whether liquid helium 3 will have 
“entirely unheard-of properties,” open- 
ing a new vista of research as absorlimg 
as that of II, remains to be seen. The 
wide range of possibihties that Tisza per- 
mitted himself to suggest in advance of 
the experiment is a good index of the 
superfluid state of low-temperature 
physics. Almost anything can happen 
when helium 3 is made still colder. 
Workers outside the AEG are eagerly 
waiting their chance to try it, meanwhile 


exploiting the pioved diffeience between 
the two isotopes to do some more effi- 
cient concentiation by the theimal 
methods available to them. Meanwhile 
the astonishing dispoiity between two 
substances which differ only by a single 
neution in the nucleus will give the nu- 
clear physicists something to ponder. 

Superconductivity 

Perhaps the most impressive of all 
phenomena at temperatures within a 
few degiees of absolute zero, and cer- 
tainly the most mtiiguing from the piac- 
tical engineer’s point of view, is the 
conveision of certain metals into super- 
conductors At a particular temperatuie, 
which IS difteient for each of the metals 
involved, a wiie will lose all ineasmable 
lesistance to the flow ot elecb'ic current, 
and a sheet or disc will become an effi- 
cient scieen against magnetism. 

The fact that electiical resistance 
diops with falling temperature is no sur- 
piise. The lesistance of a wiie is gen- 
erally proportional to its temperature; 
the filament of an electiic light bulb will 
allow more current to enter when it is 
fiist switched on than altei it becomes 
incandescent. This effect is put to 
work in electiic-iesistance thermometers, 
which have been standardized for both 
high and low tempeiatures. On this prin- 
ciple, the lesistance of a wire should fall 
to zero at absolute zero, and the late of 
decrease should be gi'adiial as the tem- 
perature drops. This is what happens 
with die best of normal-temperature con- 
ductors. coppei and silver. 

In the case of manv othei metals, in- 
cluding some which are poor conductors 
at ordinary temperatm*es, resistance 
vanishes completely at a transition point 
from a fraction of a degree to several 
degrees above absolute zero. In tliese 
materials, which include mercury, tin 
and lead, a current once started will con- 
tinue to flow practically forever unless 
something is done to desti*oy the super- 
conducting condition. 

The phenomenon is not enthelv new. 
Kameilingh Onnes discovered it in 1911 
when he attempted to explore the lower 
end of the temperature-resistance curve. 
He tested solidified mercur}^ in a bath of 
liquefied helium. Down to 4.3 degrees 
the mercury's resistance steadilv de- 
creased, as expected, to about one five- 
hundredth its value at the freezing point 
of water Then it suddenly dropped to 
less than a millionth of the normal value. 
Further research has shown that the 
purer the metal, the more completely 
and quickly does its resistance vanish. 

The metallic superconductors since 
identified, in addition to mercury, tin 
and lead, include aluminum, zinc, thal- 
lium, indium, tantalum, gallium, thori- 
um, titanium, coliimbium, vanadium, 
cadmium, zirconium, hafnium and 
lanthanum. Columbium, it was found in 


1930, 1 caches superconductivity at the 
leiatively high temperature of 9.22 
above absolute zero. 

Naturally such discoveiies sthred the 
hope that superconductivity might be 
applied to reduce the huge problems of 
electiic-power distribution which may 
be traced simply to electiical lesistance. 
Efforts weie made to find alloys and 
compounds in which the ti*ansition point 
would be neaier to practical tempera- 
tures. It was disappointing that most 
alloys showed a tixinsition temperature 
even lower than those of then con- 
stituent elements. The greatest advance 
in transition temperatuie was scored 
with nitrides, cai bides and boiides of 
metals. The most successful of these is 
columbium nitride, which becomes a 
superconductor at around 15 degiees. 
This temperatui-e does not necessarily 
require the use ot liquid helium; it can 
be obtained witli Iiydiogen boiling under 
reduced piessme. 

Golumbium niti'ide is being studied 
intensively at Columbia Univeisity and 
at Johns Hopkins Univeisity. Dining 
the war Donald H. Andrews of Johns 
Hopkins cleverly applied the properties 
of the transition state to make an ex- 
tremely sensitive detector ot infraied 
radiation. In a substance just on the 
boiderline between the superconducting 
and non-superconductmg condition, a 
slight change of temperature will cause 
an enormous change in electrical re- 
sistance. The on- the- verge material is 
also extiemely sensitive to other outside 
influences of an electiomagnetic natirne, 
as was discovered when the Johns Hop- 
kins superconducting bolometer began 
pouring music from a nearby radio sta- 
tion through its amplification system. 
The columbiimi nitride had acted as a 
detector of radio waves. It will also de- 
tect alpha rays, and stejis have been 
taken to develop an extremely sensitive 
alpha detector. 

The ability to detect or rectify an 
alternating current at low temperatures 
IS not confined to columbium nitride. 
F. G. Dunnington and Bernard Serin of 
Rutgers University have subjected a. 
helium- chilled tin wire to a combination 
of direct and alternating current which 
sweeps it in and out of die superconduct- 
ing state as often as the alternating 
current reverses itself. At Yale, Amherst 
College and elsewhere, currents of as- 
sorted frequencies, including the micro- 
waves that have been inherited from 
radar, are being employed to explore 
the mechanism of superconductivity. 

The key to die situation appears to be 
magnetism. Probably the most rigorous 
definition of a superconductor is not its 
lack of resistance, but die fact that it 
is “a perfect diamagnetic.” This means 
that, in direct contrast to a piece of 
soft iron, it rejects any attempt to im- 
pose a magnetic field upon it. Lines 
of force emanating from a nearby piag- 
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net or coil, whicli would be diawn in 
by iron, are pushed aside by a super- 
conductor and made to detour around it. 

Perhaps the most dramatic demonsti-a- 
tion of this property is the floating mag- 
net. If a permanent magnet is diopped 
into a dewar containing a lead plate 
immeised in liquid helium, it will not 
fall to the plate It lemains suspended 
some distance above the superconduct- 
ing lead. Occasionally it darts fiom side 
to side, but it does not come down. 

The invisible strings conti'ollmg this 
strange mai’ionette show are magnetic 
Imes of force aiound the supei conduct- 
ing metal in the helium bath. The ap- 
proach of the magnet generates electric 
ciiiTents in tlie siu'face of the lead plate. 
The magnetic effect of these currents 
precisely neiitializes and opposes that 
of the magnet, which has made a mn- 
ror image of itself m the smface of the 
supez'conductor. 

Such curious poweis are limited. If 
the field of the magnet is sti'ong enough, 
it will peneU'ate the chilled metal. This 
destroys superconductivity. The more 
the temperature drops below the transi- 
tion point, however, the more mag- 
netic force it takes to destroy super- 
conductivity Another way of disiupting 
the superconductive state is to send a 
sufficiently stiong cuiTent through the 
metal This phenomenon is now inter- 
preted as tlie result of the current's 
magnetic field. The lower the tempera- 
ture in relation to its transition point, 
the more cmient the superconductor 
will be able to super conduct. 

The most interesting demonstration of 
tliese characteristics occurs right at or 
just below the transition point. Here an 
intermediate state exists between super- 
conduction and normal lesistance, in 
which the balance can be swung one 
way or die other bv small amounts of 
current It is here that some of the eHects 
described earlier are achieved: the con- 
version of alternating current to direct, 
the detection of alpha radiation from a 
radioactive atom, of infrared radiation 
from a warm body, and of long- or short- 
•wave electromagnetic radiation from a 
radio station. 

What is the future of this department 
of low-temperature physics^ Its workers 
believe they can learn more about the 
essential nature of electricity and mag- 
netism, the behavior of which is in some 
ways simplified by the suppression of 
random tliermal noise. They are already 
heginning to examine some long-estab- 
lished notions in a different light. The 
surprising thing, says one cryogenics 
investigator, is not that metals at low. 
temperatures superconduct, but that 
those at ordinary temperatures do not. 

Air is a superconductor of radio waves; 
glass is a superconductor of light; helium 
II is a superconductor of heat. Copper 
wires at ordinary temperatures, though 
they may be regarded as good conduc- 
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tois by the engineer, are in a sense 
opaque to electrons. The flow of cuirent 
IS impeded by friction, a good thing for 
lighting an incandescent lamp, but a bad 
thing foi getting the curient from the 
powei plant to the lamp. The trouble is 
that the moving elections inteiact with 
their medium. When certain metals be- 
come sufficiently cold, the electrons stop 
intei acting and become as fiee as the 
ground-state atoms of helium II To 
them the metal becomes transparent. 

Another view of superconduction is to 
think of eveiy atom, in its own piivate 
sphere, as a superconductor. Electrons 
move in then orbits with no fiiction, 
much as the planets circle the sun with 
no lesistance in the vacuum of space. 
In its own atomic orbit, theie is nothing 
to stand in the electron's way. A super- 
conducting piece of metal can be con- 
sidered the ]oming of countless atoms in 
such a mannei that each electron finds a 
superoibit, with the rules of quantum 
mechanics hairing any othei paiticle 
from ti'espassing upon its right of way. 

The Lowest Temperatures 

While scoies of physicists are explor- 
ing supei conductivity and helium II, 
extending the umrk of those who at- 
tained the temperatures of liquid helium, 
others aie venturing into the remote 
region between zero and 1 degree 1C. In 
the approach to absolute zeio, nature's 
opposition IS fierce. A formidable tech- 
nique must he brought into play: adia- 
batic demagnetization. 

This remarkable procedure was sug- 
gested independently in 1926 by Peter 
J. W. Debye, now head of the Cornell 
Umversity chemistiy department and no 
longer a woikei in ciyogenics, and W. F. 
Giauque, whose elegantly equipped 
laboratory at the University of California 
was the headquarteis of the semiannual 
conference of ONR ciyogenics con- 
tractois in February. Giauque and 
W. J. de Haas of Leiden perfected the 
metliod, and now most of the cryogenic 
lahoratoiies are already using or building 
or planning the magnetic apparatus for 
gettmg below 1 degiee K. 

The method is skillfully based upon a 
special kind of thermal chaos: the lan- 
dom arrangement of the magnetic poles 
of individual molecules in substances 
known as paramagnetic salts. The mole- 
cules of most substances are magnetical- 
ly neutral In those we are about to 
consider, such as iron ammonium alum, 
each molecule has one spinning electron 
which is not magnetically canceled out 
by other electi'ons in the same molecule. 
Under ordinary conditions, these molec- 
ular magnets are distributed in such a 
way that, on the large scale, they do 
cancel each other out. A han^l of the 
salt will thus exhibit no inherent mag- 
netism to an outside observer. If an out- 
side magnetic field is applied, however. 


the molecules will tend to line up like 
tiny compass needles. The legimenta- 
tion, being the antithesis of thermal 
chaos, squeezes some of the heat con- 
tent out of the salt. 

This may seem abstiuse and remote, 
but the lahoiatory piactice can be re- 
duced to a procedure not unlike that 
outlined in a cookbook. Put a pinch of 
the salt, or as much as a pound of it, m 
the bottom of a dewar Pour liquid 
helium over it, perhaps a quart per 
pound Allow to cool by boiling the 
helium at lowei and lower piessure, re- 
moving its vapoi with a vacuum pump, 
Obseive the lamhda-pomt transition to 
helium II Keep the vacuum pump going 
until the tempeiatme diops to 1 degree. 
Now apply a strong magnetic field. 
Allow lime foi the molecules to become 
fixed along the diiection ol the lines of 
foice, and for the helium II to remove 
the heat. Remove the magnetic field. 
Observe the drop in temperature. 
Repeat. 

The drop in temperatuie occuis in 
the final step ol each such piocess While 
in the legimented magnetic state, the 
salt lias given out heat that the helium 
caines away. When the magnetic field 
is removed (usually by swinging the 
dewar away irom the fixed polo 2 :)ieces), 
the molecules "Velax," tinning in all di- 
rections. This brings a concomitant drop 
m temperatuie. The salt needs heat 
energy to become disordeily, and this 
it absorbs Irom the lielium, thus the 
helium-salt combination cools oil during 
demagnetization . 

Depending on the strength of tlie mag- 
netic field, the temperatuie can he re- 
duced to .1 degree, .01 degree and even 
001 degiee. Thus powerful magnets have 
been brought into cryogenic labora- 
toiies, ]ust as they have been brought 
into the laboratories ol nuclear physics. 
The Naval Research Laboratory at this 
writing is installing a powei fill electi’o- 
magnet with a field strength of 100,000 
gauss, known as the Bitter magnet be- 
cause it was originally designed for 
spectroscopic woik by Francis Bitter 
of M.LT. The turns of the magnetizing 
solenoid aie thick copper straps winch 
carry a current of thousands of amperes, 
aie supplied with power by a 2,000- 
kilowatt generator, and must be cooled 
with a flow of 800 gallons of water per 
minute. If the cooling- water supply 
should fail, the copper would start boil- 
ing in a few seconds. Warren E. Hemy, 
a physicist trained at Tuskegee Institute 
and the University of Chicago and an 
alumnus of Collins' laboratory at M.LT., 
expects to cool as much as a quart of 
helium to .01 degrees absolute when the 
Naval Research Laboratory apparatus 
gets going on a full scale. 

One of the things that happens at 
these temperatures is the formation, 
above the helium surface, of the world's 
most perfect vacuum. The vapor pres- 



siiie of the helium drops so low that 
ibeie is as much chance of an atom 
escaping into the space above the sur- 
face as theie would be of a piece of iron 
boiling out of the stiuctme of a building 
at room tempeiatuie. Au* or anything else 
that possibly leaked into the dewar 
would freeze sohd. In the space just 
above helium close to absolute zero, 
there is just about absolute emptiness 

In this cold, still realm, physicists are 
checking the basic concepts of thermo- 
dynamics that were set forth in the days 
when physics could only deal with the 
thermal chaos. They are giving a more 
diiect physical meaning, in terms of 
atoms and their electrons and nuclei, to 
such statistically derived words as heat, 
enti'opy and temperatiue. They may 
emerge with a new definition and a more 
accurate localization of '"absolute zero.’" 

Aheady there aie some who are not 
satisfied with the piospect of i caching 
.001 degiees K., which is the most to be 
expected from regimenting and relaxing 
the spin of electrons. They are looking 
ahead to using the last conceivable re- 
source: the magnetism of atomic nuclei. 
This, according to the theoreticians, of- 
leis the possibility of temperatures that 
will not exceed absolute zero by more 
than a millionth of a degiee. 

To this writei, the laboratory tlrat 
best represents the varied piospects, 
abstiuse and practical, of cryogenic 
research, is that of Ohio State Univei- 
sity. For the attainment of extremely low 
temperatuies by electron demagnetiza- 
tion, a cm lent-cai lying coil is used to 
set up a magnetic field of 4,000 gauss. 
The coil is cooled by liquid nitrogen. 
This does not attain superconductivity, 
for which liquid-helium tempeiatures 
would be needed, but it does exploit 
the normal drop of electrical resistance 
with reduced temperature. Thus the 
lowest temperatures of an earlier era of 
cryogenic research abet the attainment 
of new depths; cryogenics lowers itself 
by its bootsti'aps. When workers in the 
field are asked if there is any possibility 
of ever using leal superconductivity for 
the poweiful electi'omagnets of ciyo- 
genics and nuclear physics, they will 
admit that it does not seem practical. 
But after a few moments meditation 
they are likely to remark: "Well, at Ohio 
State, you know, theyTe using liquid 
nitrogen. . . 


Harry M. Davis teas the author of Ra- 
dio Waves and Matter and Mathe- 
matical Machines, lohich appeared in 
past issues of this magazine. A week 
after he had completed the present ar- 
ticle^ Davis was drowned in a swim- 
ming accident at Biloxi^, Miss. He was 
one of the rare professional journalists 
whose reporting of science was ad- 
miredby scientists. His death is a griev- 
ous loss to the journalism of science. 



FOUNTAIN EFFECT of liquid helium is photographed in the laboratory 
of Arthur D. Little, Inc. Glass tube in center is inside Dewar flask containing 
liquid liclinm. Top of fountain is just visible near the top of picture. 



CREEPING FILM appears as a tiny luminous drop on the curved bottom of 
a vessel filled with liquid helium. The liquid has climbed up the inside of the 
vessel and down the outside. It climbs into an empty vessel in same manner. 
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GREEK CUP of the Sixth Centu^rj R, C* depicts the con- the Spartan King Arfcesilas (left ) , both slaves and frecd- 
temporary practice of slavery. Under the? direction 6f men weigh and bale goods meant for the export trade. 
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T he institution of slavery lias always 
been integral to the economic sys- 
tem of which it is a part, serving 
to supply some of the labor needed in 
that paiticulai system. Fiom the stand- 
point of the useis of slave labor it has 
always had the important advantage of 
giving them a much greater conti'ol 
over the activities of the peisons work- 
ing for them as slaves than over fiee 
labor eis woiking for them under con- 
ti'actual ariangements. Their control ovei 
their slaves was theoi etically complete, 
covering the lives, activities and pei- 
sonalities of the enslaved. Legally slaves 
were legarded as goods, like machines 
that a factory owner might buy or the 
draft animals that a faimei might em- 
ploy. In Roman legal terminology, cor- 
respondingly, a slave was classified not 
as a person but as a res, a thing. 

In the legislation set up to control 
slave systems the history of human en- 
slavement can be tiaced back to the 
earliest peiiods of wiitten laws known 
to us. in Egypt, in Babylonia, and in the 
Mediterranean areas that later fell undei 
Greek and Roman control. This caiiies 
the system some 5,000 years back from 
the present day. One glance at the re- 
ports on slavery made to the League of 
Nations from 1923 onward is enough to 
prove that human enslavement is still a 
going concern. Despite the eftorts of the 
majoi European countries to abolish 
the traffic in slaves and the entire prac- 
tice of enslavement, the sale, transpoit 
and use of slaves persist m the world. 

In Siam the slave system was abol- 
ished as late as 1905. In China a deciee 
was promulgated in 1909 officially pro- 
hibiting the practice. In 1923 slavery 
still existed m Abyssinia. We of the U.S., 
after countenancing 85 years of Negro 
enslavement, are in no position to adopt 
an attitude of moial superiority. We 
must also remembei that out Afiican 
ward Liberia, in its reply to a League of 
Nations inquiry in 1924, acknowledged 
that slavery was still practiced by some 
Liberian tribes. To their reply they 
added the hope of its complete abolition 
in the near future. 

On October 22, 1948, at the Paris 
meeting of tlie General Assembly of the 
United Nations, the Belgians presented 
a resolution asking that a committee be 
appointed to study the problems of slav- 
ery as it still exists and to lepoit to 
the Economic and Social Council of the 
UN. The genesis of the resolution lay 
m tire patent fact that remnants of the 
slave system, though scattered, are still 
to be found in our world. The long book 
of 5,000 years of human enslavement is 
not yet closed. 

Slavery as it developed in the Western 
Hemisphere has given rise to a marked 
popular misunderstanding of the history 
of the institution. This misunderstand- 
ing has surcharged our approach to slav- 
ery with emotionalism and has distorted 
its meaning in the long perspective of 


histoiy. The distortion has arisen fiom 
the tact tliat m both the noithein and the 
southein continents of our hemisphere, 
the Indians weie unable to endure eithei 
the heat of labor in the ti'opics or the 
restiictions upon thcii* liberties that re- 
sulted from reduction to slaveiy. In 
Africa, howevei, the enslavement of 
membeis of one tribe by anothei tube 
had long been customary. The use of 
African slaves was also established m 
Portugal and Spain. Because of the laboi 
demand in the Western Hemispliere and 
because of the fact that Portugal and 
Spain were aheady being supplied with 
African slaves by Portuguese traders, the 
eaily settleis of the Americas looked to 
the continent of Afiica for slave labor 
There the labor supplied them was 
alieady inured to hot and moist climatic 
conditions, and, for this leason, was 
pecuhaily adapted to their needs 

This conjunction of demand and sup- 
ply might be legarded as a historical 
accident. Yet it is this coincidence of 
conditions that has made us think of 
human slaveiy so consistently in terms of 
the Negio alone. The thiee and a half 
centuiies of almost exclusive Negro slav- 
eiy which has been known to us, how- 
ever, is no moie than a biief chapter 
m 50 centuiies of the enslavement of 
man by man. 

During the past century and a half the 
civilized woxld has lightly come to le- 
gaid slaveiy as a degradation of human 
values and as an economic and social 
stupidity. For 3,000 years of pre- 
Christian history, on the other hand, it 
was countenanced without any etliical 
misgivings that can be detected in slave 
legislation, whether old Babylonian, old 
Hittite, Assyrian, or the Hebrew of the 
Old Testament, It is true that these pre- 
Greek peoples did not sanction the en- 
slavement of a Babylonian or an Assyrian 
by a fellow Babylonian oi a fellow 
Assyrian, and that the ancient Hebrews 
permitted only a six-year bondage of one 
Hebrew to another. This attitude can 
be explained as a consequence of the re- 
ligious nationalism characteristic of these 
pre-Greek civilizations It cannot he 
ascribed to a sense of moral horror 
against enslavement itself. 

With the Greeks the slave institution 
developed two features that* distin- 
guished it from the form known among 
the pre-Greek cultures of southwestern 
Asia. The first was that Gieek nationals 
could become slaves of other Greeks, In 
the dramas of Euripides slaves, both 
Greek and non-Greek, appear frequently 
as pathetic figmes who complain bitterly 
about theii' lot, A second departure of 
the Greek type of slavery from that 
of the old Oriental cultures lay in the 
fact that the Greek gods were not 
slaveowners. The temple organizations 
owned slaves, but the gods did not 

With few exceptions, such as the 
Works and Days of Hesiod and the books 
of the New Testament, the literature of 


antiquity is aristocratic m tone and point 
ol view, leflecting the attitude of people 
of highei social status. Thus the woikers 
ol antiquity, whether fiee or enslaved, 
seldom speak to us with their own voices. 
Insofar as we can penetrate into the 
thinking and reactions of a heed, or 
manumitted, slave in the Gieek city- 
state, it appears that he was readily ab- 
sorbed into a noncitizen gioup called the 
metic, that is, the “coresident,” class. 

In a satire wi’itten by Petroniiis, the 
“Arbiter of Elegancies” under the Eni- 
peroi Nero, one of the freedman guests 
at a hilarious banquet given by Tnmtil- 
chio, a preposteioiisly wealthy foimei 
slave, makes an illuminating statement 
He says that he was a slave for 40 years, 
but no one cares whether he was pievi- 
ously a slave or a free man. The case 
ol Cicero’s secretaiy Tu'o, a slave whom 
Cicero later freed, may not be entiielv 
typical so far as the intellectual sym- 
pathy and genuine friendship beRveen 
the two aie concerned. Nevertheless it 
illustrates the possibilities of the master- 
slave relationship m Jlome, where the 
lines between the slave and fiee classes 
\^'ele more strictly diawn than in the 
Greek world. In 50 B G , when Tu'o was 
sick, Cicero wrote him from tlie island 
of Lucas: “Your sei vices to me aie be- 
yond numbeiing: at home, in the Foium, 
in the city, in my province, in public 
life, in my piivate affairs, in my studies, 
in my literaiy compositions. You will 
have surpassed all tliese services to me 
if I find you well, as I hope to do, when 
I return.” 

T he fundamental problem of any 
slave system is always the same. The 
details of the problem differ, and the 
means of adapting the institution to 
meet these differences call forth different 
responses- There aie differences in the 
source of the slave supply, in the meth- 
ods by which the slaves are obtained, in 
the existence of free labor at a particular 
time and place; m the type of employ- 
ment. A primary error in studying and 
writing about ancient slavery has been 
the neglect of these differences. His- 
torians have treated the institution as one 
thing, “ancient slavery,” throughout the 
4,000 years of its constant presence in 
antiquity, but even between the Greek 
and the Roman forms of enslavement 
basic differences must be established. 

The Greek city-states were small gov- 
ernmental organisms under the direct, 
democratic ride of a limited and privi- 
leged group of citizens. In these micro- 
cosmic states tlie dominant use of slaves 
was m urban handicrafts. In the western 
Mediterranean countries, including Ro- 
man Italy down to the end of the Second 
Century B.C., slaves were employed for 
the greater part upon plantations called 
latifundia. This system produced two 
things that have served to prejudice our 
thinking against the entire system . of 
slavery in antiquity. These w^e the 



gieat slave revolts that occuiied during 
the Second and Fiist Centuiies B.C. in 
Sicily and Italy, and the book On Agi i- 
culture Witten by the elder Cato. 

In Greece the system was by no means 
so unfeeling as in Roman Italy and 
Sicily. In their living arrangements the 
slaves of Athens had a considerable de- 
giee of peisonal fieedom. In the Fifth 
and Fourth Centmies there was a class 
of slaves in Athens who were called 
"'those who live apart,” meaning apart 
fiom their owneis. They were also called 
"pay earneis.” These were workers who 
were rented out by then masters at so 
much a day. The expectation was that 
they would bring a net profit of one obol 
per day. The average purchase price of 
a fairly good slave was from 300 to 400 
drachmas. This would give an annual 
profit on the slave of 15 to 20 per cent, 
if he were leased out for die entiie year 
and put in 350 days at work. 

Evidence fiom lists of manumitted 
slaves which were inscribed upon stone 
in Atliens in about 330 B G, gives us 
some knowledge of the occupations at 
which these slave workeis were em- 
ployed. The largest group consisted of 
women in the weaving industry. Others 
weie porters, who carried their deliveries 
throughout the city of Athens. Those 
who operated handicraft shops might 
own enough slaves to lun their shops 
with their own workmen. A well-known 
example of this is the two handicraft 
shops that Demosthenes, the Adienian 
orator and politician, received through 
the will of his father Along with a bed- 
frame shop he inherited 20 slaves. With 
a cutlery shop came 32 or 33 slave 
artisans. 

Another distmguishing feature of slav- 
ery m the Greek city-state was the use 
of state-owned slaves in the pohee force 
and other public services. In Athens 
the state bought foreign slaves, chiefly 
Thracians, for pohee work (and per- 
mitted them to use their native Thracian 
dress as their uniform) . This single fiict 
differentiates the Greek attitude toward 
slavery from that of the Romans. To the 
Romans the possibility of being arrested 
by a slave would have been as unthink- 
able as it would have been under the 
slave system m our own country before 
the Civil War. 

F rom the stone walls of the sacred 
precinct of Apollo at Delphi we have 
records of a thousand manumissions of 
slaves, dating from 200 B.C. to about 
75 A,D. These manumissions were car- 
ried out by an interesting religious 
process It is evident that the slaves were 
permitted to save money by their work 
in order to buy themselves out of enslave- 
ment. This was a recognized social and 
economic arrangement, though legally 
slaves could have no money of their own. 

Some sharp legal minds, presumably 
among the priests of Apollo of about 200 


B.C., devised a s\ stem of circumventing 
these difficulties. The slave could entiust 
to the god Apollo his money, his peison 
and his hope of freedom. If the god 
accepted the trust, the slave auto- 
matically became a freedman. Fox to the 
god all of hiS woishippeis were alike 
and of one status. 

One of these entiustment sales which 
is dated late in the Second Centuiy B.C. 
states. “Athambos has sold to Apollo, 
the Pythian god, a woman slave whose 
name is Harmodica, by race from the 
town of Elatia, for six mmas of silver; 
and he has received the total price, just 
as Haimodica entiusted to the god this 
purchase, entrusting it to the god on the 
considei ation that she is to be free and 
not subject to seizure by anybody for 
all time. She is to do whatever she 
wishes, and is to go to whomsoever she 
may wish.” 

The instinment of sale goes on to 
state; “If anyone should touch Har- 
modica for hei enslavement, let the 
seller, Athambos . . . guarantee for her 
the sale to the god. Likewise, if any 
person attempt to 'le-enslave her, any 
chance passer-by, without any penalty 
and without being subject to any couit 
action or fine, is empowered to iclease 
Plaimodica as being a free woman.” On 
anxxlysis iL becomes clear that this legal 
form contains a description of what 
freedom meant to the Greek mind Free- 
dom was composed of four elements 
that a free man has and a slave has not. 
These ""fom freedoms” show a much 
greater precision than our own gener- 
alities of today, at least as they aie ex- 
piessed in the Atlantic Charter. They he 
m the assertion that the woman is to be 
free, tllat she is not to be subject to 
illegal seizure, that she is to have the 
right to work at whatever she wishes, 
and that she may go wherever she 
wishes. The first of these rights is politi- 
cal status, the second is the right of 
habeas corpus, the third is the economic 
right to dispose of her working ability 
under a free labor contract, the fourth 
is the right to freedom of movement. 

In the countries sketching along the 
Mediterranean coast from the Adriatic 
Sea westward, the aspect that the slave 
system presented dowm to 100 B.C. was 
much grimmer than in the Oriental and 
Greek lands at the eastern end of the 
Mediterranean. The differences in the 
brutality accorded to the slave arose 
primarily from the dissimilarity of slave 
occupations in tlxe two regions and from 
the stern morality of the Roman leaders. 
Cato the Elder of the Second Centmy 
B.C. tried to embody, and thought tliat 
he represented, the old Roman mores. 

If a slave waiter made a sHp in serv- 
ing dinner, or if a slave cook spoiled 
anything in the preparation of the din- 
ner, Cato would use a leather strap in 
punishing him. If a slave comnoitted any 
technical crime, Cato conducted a formal 


trial If the slave were condemned, Cato 
had him put to death m the piesence of 
his fellow slaves. In Cato’s book about 
agricultuie, the lations to be given out 
to the slaves were obviously adjusted to 
their work. More bread was to be given 
them at the time of heavy field woik, 
and less bread m peiiods of lightei woik 
The rations he advocated without a 
doubt compared favoiably with those 
given t(f Roman soldiers, but the pur- 
pose, so far as Cato was concerned, was 
pure efficiency. 

It is appaient from Cato’s discussion 
of agiiculture that the numbei of slaves 
employed on a huge plantation in Italy 
was not so great as historians have some- 
times thought. The total to be used in 
an olive orchard of 150 acres, accoiding 
to Catos advice, should consist of a 
nucleus of only 12 slaves. This number 
included the overseei and his wife, both 
of whom were slaves. 

The following cold-blooded statement 
that Cato makes in his book seems to be 
typical, for his period and for men of 
his kind, of the treatment accorded 
slaves by the Roman landowners. ""The 
plantation ownei,” lie said, “should auc- 
tion oil old work-oxen, blemished cattle, 
the wool, the skins, the worn-out iron 
tools, the aged and diseased slaves, and 
everything else that he does not need ” 
Writing 250 yeais later Plutarch, the 
Boeotian gentleman f aimer and moral- 
ist, condemns Cato bitterly loi this atti- 
tude, In his Life of the Elder Cato 
Plutarch says: “For my pait I legaid his 
treatment of his slaves like beasts of 
burden, using them to the uttermost and 
then when they were old driving them 
off and selling them, as a maik of a very 
mean natuie, which lecognizes no tie 
between men except necessity. I cer- 
tainly would not sell even an ox that had 
worked for me just because he was old, 
much less an elderly man, removing him 
from his habitual place and customaiy 
life as if it were from his native land, 
foi a paltry pi ice, useless as he is to 
those who sell him and as he will be also 
to those who buy him.” 

An unusual feature of slavery as it 
developed under early Roman conditions 
gave it one element of superiority over 
the Greek system. This aiose out of the 
greater flexibility of the Roman idea of 
citizenship, as compared with the ex- 
clusiveness of the Greek polities to- 
ward theii* citizen privileges. If a slave 
owned by a Roman citizen were freed 
by his Roman master, after his manu- 
mission he became a Roman citizen. This 
could not occur undei the Greek system. 

ITPIIN the Roman slave institution 
Itself a notable change occurred in 
the treatment of slaves in tire two and a 
half centuries that separate the quota- 
tions cited from Cato the Elder and 
Plutarch. This change was an increased 
mildness in the treatment of slaves that 




finds expiession m the Roman legisla- 
tion of the First Centiiiy A.D. The laws 
passed by the empeiois of this century 
include punishments of slaveowners for 
abandoning old slaves. This change of 
attitude has sometimes been asciibed to 
the spread of the Stoic doctrine thiough 
the West in the Fnst Century B,C., and 
to the acceptance of the equalitarian 
teaching that Stoicism advocated. It 
came too late, however, to be explained 
as a Stoic influence upon Roman legis- 
lation, and it came too early to be an 
outcome of Christianity and its teach- 
ings. The Christian teaching, as a mat- 
ter of fact, accepted the going institution 
of slavery, as did every othei religious 
movement of the time This is shown 
by the advice given by St. Paul to the 
conveits in Corinth, which is found in 
the fiist letter to the Corinthians. 

“Everyone has his own vocation in 
which he has been called; let him keep 
to it. Hast thou been called as a slave? 
Do not let it trouble thee; and if thou 
hast the means to become free, make all 
the more use of thy opportunity. If a 
slave IS called to enter Christ's service, 
he IS Christ's fieedman; just as the free 
man, when he is called, becomes the 
slave of Christ. A price was paid to le- 
deem you; do not enslave yourselves to 
human masteis. Each of you is to remain, 
brethren, in the condition in which he 
was called.” 

A sounder explanation for the change 
in the Roman attitude toward slavery 
may be found in the industrializing of 
slavery in the West, that is, in the in- 
creased use of slaves in handiciafts. This 
brought about a concentration of slaves 
in towns and cities and the drawing to- 
gether of the poor workmen of free 
status with their fellow slave workmen. 
Viewed in this light it would be an effect 
of the m'banizing of slave employment. 
Christianity, even when it became the 
sole religion toleiated in the Mediter- 
lanean area, did not tiy, nor did it ex- 
press a desire, to abolish slavery. It took 
over the institution, but not all of its 
implications. It is in tliis internal sense, 
tlie equalitarianism within the group 
that was taught by St. Paul and tlie con- 
temporary Roman Stoic Seneca, that 
Stoicism and Christianity bettered the 
condition of slaves. This was true of the 
P*oups that adopted Stoicism, and later, 
ill much greater numbers, the Christian 
faith. Once accepted into the Christian 
group the slaves who weie “called^' 
were equahzed in spirit with the free. 
For the Chiistians the Day of Judgment 
was close at hand; and the kingdom into 
which they were to enter was the King- 
dom of God, witliout gradations of caste 
or Status. 


William Linn Westermann 
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tory at Columbia University. 



ASSYRIAN BAS-RELIEF of Seventh Century B.C. shows procession of 
prisoners driven by soldiers (top) . Assyrians did not enslave one another. 
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THE SOCIAL AMOEBAE 


The independent cells of Dictyostelium periodically gather 
into an organism of many cells. The study of this peculiar 
phenomenon is a felicitous example of the scientific method 

by John Tyler Bonner 


F or some reason that has never been 
entuely clear to me, few people 
have heard of the Acrasiales, or 
amoeboid sHme molds. It is less surpris- 
ing, since they are such strange organ- 
isms, that those who have heard of them 
are often tempted to become philo- 
sopliicaL There is the case of a German 
scientist who used them to prove the 
existence of a \dtal force in living organ- 
isms. There is also the case of a well- 
known American physiologist who lik- 
ened them to human society. Oui aim 
here is more modest We shall ask no 
more of the amoeboid slime molds than 
that they shed light on themselves. 

The amoeboid slime molds look to the 
naked eye very much like the common 
bread mold Mttcor, There is no way of 
knowing how long they were mistaken 
for Miicor, but tlie first cleai-cut case of 
such an error was that of the 19th-cen- 
tury Belgian botanist E. Coemans It is 
Coemans, in fact, who is credited with 
first describing the Acrasiales in this 
fashion. It was left to a German named 
Oskar Brefeld and a Frenchman named 
M. van Tieghem to discover the peculiar 
nature of these organisms between 1869 
and 1880. It was not, finally, until the 
classic monograph of the American bot- 
anist Edgar Olive in 1902 that tlie whole 
group was clearly defined. The most re- 
cent historical event is the discovery by 
Kenneth B. Raper of the U. S. Depart- 
ment of Agriculture of a new species, 
Dictifostelmm discoideum It is this spe- 
cies that is especially suited for experi- 
mental studies. 

The spore maybe used as a convenient 
starting place to describe the life cycle 
of Dictyostekum. The spore is in no 
way connected with fertilization, for so 
far as is known there is no sexuality in 
these forms. It is shaped like the pharma- 
cist s gelatin capsule, and if it is sown 
in a suitably warm and humid environ- 
ment, it will germinate by sphtting down 
the side and hatching one tiny amoeba. 

One of the most remarkable things 
about this amoeba is tliat it i? no different 
from any other amoeba. It has die char- 
acteristic fluctuating, amorphous shape; 
it feeds by engulfing bacteria in the usual 
way; it diwdes regularly by binary 
fission* In every way it is a very ordinary 
amoeba. When enough of fhesd separate 


and independent amoebae are concen- 
trated, howevei, a curious thing hap- 
pens. As if in response to a signal, they 
cease to ignoie one anothei and rush 
toward cenUal collection points. The 
shape of the amoebae, though high- 
ly nregular and constantly changing, is 
usually approximately round When the 
amoebae come together they stretch into 
pencil shapes and rush inward with un- 
erring accuracy. 

When the amoebae have come to- 
gether, they form a mass shaped like a 
sausage. This may be from .1 to two 
millimeters long, depending on how 
many amoebae gather at a particular col- 
lection point The sausage of amoebae 
then proceeds to ciawl aexoss the suriace 
of its medium! As the sausage moves, it 
exudes slime, which is left behind as a 
collapsed cylinder rather like a sausage 
casing, 

That these cells act as a body rather 
than individually is best illustrated by 
the fact that the sausage will crawl 
towaid light. The actual locomotion, 
howevei, appeal's to 'be a contribution 
of each individual amoeba. In special 
microscopic preparations it can be seen 
that the amoebae are all m motion and 
that they continuously extend their 
pseudopods, or “false feet.” The point is 
that in some way this movement of the 
independent amoebae is coordinated so 
that the mass of cells moves as a whole. 

Depending on moistme and tempera- 
ture and probably to some extent on 
light, tlie migration peiiod may last a 
day or more. Sometimes it is by-passed 
completely. In either case the cell mass 
eventually assumes an upright position 
m preparabon for what is known as the 
culmination stage. 

At the beginning of the culmination 
stage the aggregate of amoebae looks 
like one of those small blobs of icing a 
baker puts around the edge of a birthday 
cake— it is a rounded mass with a pointed 
bp tlii'ust upward. When thin slices of 
the mass are examined under the micro- 
scope, it may be seen that in the center 
of die tip there "are groups of cells that 
rapidly become large and swollen, as 
though they were gorged with water. 
This swollen condition then spreads 
downward like a disease to the base of 
thfe mass, Tfle swollen cells become en- 


cased in a firm cylindrical sheath so that 
cm blob of soft wet icing now has a 
rigid coie. The unchanged amoebae 
which sunoimd the core begin to rise 
into the air. As they do so the uppei- 
inost amoebae are drawn to the top of 
the rod, where they immediately begin 
to swell as though they too had caught 
the disease. Together these two processes 
go on, and the lod, oi stalk, as it may 
now be called, becomes increasingly 
longer. This elongation is apparently 
capable of lifting a ball oi othei amoebae 
to foim a sbucture shaped like a minute 
hatpin. This hatpin, which is usually 
horn one to three millimeteis high, is the 
final fruiting body. 

All the amoebae except those in the 
stalk ultimately become spoie cells. Each 
amoeba in the rounded mass assumes 
the shape oi a pill and is encased in a 
hard, resistant capsule. Thus two types 
of cells have aifisen irom our amoebae, 
the enlarged cells of the stalk, and the 
small spoie capsules. Recent observa- 
tions have revealed that normally some 
14 per cei\t of all the cells aie stalk cells. 
The lemainmg 86 pei cent aie spoies. 

N OW we may reflect upon a few sig- 
nificant points. We have in Dic- 
tyostehum an organism that first exists 
as single, separate amoebae which sub- 
sequently aggregate to iorin cell masses 
so unified and so cooidmated that they 
act as an individual. At a particular 
period in their life histoiy an imaginary 
knife divides 14 pei cent of the cells into 
stalk cells and 86 per cent mto spores 
We are confronted with two questions. 
One is. How can it be that these cells are 
brought together? The other is. How is 
it that once they come together they are 
coordinated? The first of these questions 
is rather an elementary one, and we shall 
discuss it. If we knew the answer to the 
second, we would have the solution to 
one of the main pioblems in biology. 

In 1900 the scientists who studied 
these slime molds were generally agreed 
that tlie amoebae gatheied at central 
collection points as the result of chemo- 
taxis. By this they meant that a chemical 
substance given off by the central mass 
attracted the amoebae in much the same 
way as the smell of a carcass attracts a 
jackal. There was no real evidence for 



such an idea, it only “looked” that way 
It was leally just as reasonable to sug- 
gest that the process might take place 
by some clotting leaction similar to 
that which occurs among blood cells. 
The piocess could also be governed by 
an electrical field, or by a magnetic field, 
01 by some soit of ray, or by some kind 
of conti*actmg molecular film. 

Actually the agglutination hypothe- 
sis— the pioposal that the cells would 
stick together and loim clots— was the 
least likely. In 1942 Ernest Runyon of 
Agnes Scott College performed an in- 
genious expeiiment tliat gave it a final 
blow. He placed a cential mass of Dicty- 
osteliiim cells on one side of a piece of 
cellophane, which is semi-peimeable 
When individual amoebae weie placed 
on the other side, the amoebae weie 
attracted to the cential mass right 
through the cellophane. The amoebae 
could not penetrate the cellophane, but 
they collected at the point nearest the 
cential mass on the opposite side of it 
So heie there was no question of the 
cells touching, and agglutination foices 
can only operate after cells have come 
into contact with one another. They at- 
ti acted one anothei from a distance. 

I WAS fortunate enough to find a tech- 
nique of handling the amoebae in 
such a way that they would aggiegate 
on the bottom of a glass dish filled with 
water. If in such a preparation you re- 
move a central mass of cells and place 
it quite a distance from the stream of 
cells that had been leading to it, thiee to 
five minutes afterward each cell m the 
stieam will separate from its neighbors 
and make a beeline to the central mass 
at its new location. In this way one can 


demonstrate that the amoebae will be 
atti-acted to masses that are half a milli- 
meter away, which is equivalent to about 
60 amoebae diameteis. 

The possibility that electricity or mag- 
netism was involved was tested in a 
number of ways Fust the amoebae weie 
placed in an elective field and subjected 
to a variety of curient densities. It was 
found that, depending on the strength 
of the curient, there was eithei no effect 
at all 01 the amoebae were killed. This 
IS sui prising considering the classic ex- 
periment of the German phvsiologist 
Max ^'^elWorn, who showed that ordinary 
amoebae sti earned toward the negative 
pole of an electric field. In fact, 1 was 
able to lepeat this easy experiment m the 
same vessels I used for the Dictyostelium 
amoebae. A few haphazard experiments 
weie perfoimed by placing magnets near 
the amoebae, and, as expected, no effects 
whatevei were obseived. The expeii- 
ment that pioved most rewarding was 
suggested by Paul Weiss of the Univer- 
sity of Chicago. It was to use a thin 
piece of the non toxic metal tantalum in 
piecisely the same way that Runyon had 
used cellophane. Whereas individual 
amoebae had been atti'acted to a central 
muss through cellophane, nothing of 
the kind occurred with tantalum. The 
amoebae merely gathered independent- 
ly on both sides of the metal This 
demonstrated that neither magnetism 
nor electricity influenced the amoebae. 
If these foices had been operating, the 
metal might, by some sort of short cu*- 
cuit, have prevented aggiegation from 
occuiiing at all. And if they had been 
operating when aggregation did occur, 
there should have been some effect 
through the tantalum, since it is prob- 


ably an even better conductor than cello- 
phane. 

It was conceivable that the amoebae 
are guided to the central mass by a ray 
just as ships are guided to a harbor by 
a beacon. For many years biologists have 
wrestled with the concept of the so-called 
mitogenetic rays. A Russian scientist 
named Alexander Gurwitsch believed he 
possessed evidence that actively develop- 
ing organisms emitted lavs which con- 
ti’olled and “oiganized” their develop- 
ment. His work geneiated a great mass 
oi contioveisy, and today it is generally 
accepted that such lays have nevei been 
positively demonsti'ated. Fortunately I 
was able to avoid the stoim by showing 
that no kind of lay is involved in the 
aggregation of DicKmstelium. This was 
done by an experiment in which a thin 
glass shelf was suspended under w^ater. 
A central mass of cells, which foi con- 
venience may be called a center, was 
placed on tiie uppei side, and separate 
anioebae on the under side. After a time 
the separate amoebae all rounded the 
edge to the upper side and streamed in 
to the center If the centei had been a 
beacon emitting rays, the rays could 
either have penetiatecl the glass or not. 
If they had penetixated, one would have 
expected the same result as that obtained 
with Runyoii s cellophane. The amoebae 
would merely have gathered on the near- 
est point at the other side of the glass. 
If the rays had not passed thiough the 
glass, one would have expected the in- 
dividual amoebae to be completely un- 
affected by the center. Since the 
amoebae were attracted around a sharp 
corner, and since no ray can bend 
aiound a corner, we can say that rays, 
mitogenetic or otherwise, do not play a 



GATHERING OF AMOEBAE is shown in a photomi- CENTRAL MASS GROWS as more amoebae stream 
crograph of early stage. in the formation of aggregate. into it. Later the mass hegins to move as one organism. 



CULMINATION STAGE of Dictyostelium is attained At the left above is the migrating aggregate of amoebae, 
in the photograph# at the top and bottom of this page. At the right the aggregate has bcgvxn to raise itself. 


part m the aggregation of Dictyostelium 
Another possibility was that some 
kind of a film along the glass^watei 
boundary helped orient the amoebae. 
To test this hypothesis two submerged 
glass shelves weie placed side by side, 
leaving a narrow gap between them, A 
center was placed atop one of the plates 
and separate amoebae atop the other. 
Again all the separate amoebae streamed 
to the edge of the shelf nearest the cen- 
ter and, since the amoebae could not 
biidge the gap, they formed a* center 
right at the edge. This proved that the 
attraction can occur across a region 
wheie tliere is no glass-water interface. 
It is known, however, that the amoebae 
need an interface for locomotion. The 
amoebae actually appear eager to cross 
the gap, for one can see them pawing 
the air with their “false feet” in a veiy 
fmstrated manner. If the two glass 
shelves are pushed together so that the 
gap is only one amoeba’s length, the 
amoebae will immediately form a hang- 
ing bridge. Then the amoebae stream 
in to the center, happy, we may pre-* 
Slime, at last. 

T here ai'e a number of other hy- 
potheses that can be and have been 
tested, but among those tested there was 
no positive evidence. It was only in 
testing the chemotaxis hypothesis~the 
early suggestion that the center emits a 
chemical substance which atb'acts the 
amoebae— that some concrete evidence 
was finally secured. 

If aggregation takes place on tlie bot- 
tom of a dish, and the water above the 
amoebae flows over them gently, as 
though they were lying on the bottom of 
a brook, only the amoebae downstream 
are oriented toward the center. The 


amoebae upstieam show no interest at all 
in the center. This must mean that the 
attracting agent is capable of diffusing, 
for it can be washed downstieam. The 
only two diffusing agents are heat or 
chemical substances. For a number of 
reasons which I shall not discuss here, 
heat can be i ejected, leaving a chemical 
substance as the only possibility 

The centei, of course, does not leally 
“atti-act” the amoebae in the sense of 
pulling them m. Presumably the chemi- 
cal substance that is given off by the 
center is always more abundant near the 
centei than it is farther away. Theie- 
tore the front end of the amoebae ap- 
proaching the center will l^e surrounded 
by moie of the substance than will the 
hind end. In other words, all the sub- 
stance accomplishes is to orient the 
amoebae by stimulating the front end 
more than the hind end. The movement 
is solely that of the amoebae. The smell 
of ciUTion does not pull at the jackal, but 
it gives him a guide to where he may 
find the carcass. And the nearer he gets, 
the stronger the scent. 

The evidence is thus extremely good 
for the existence of a chemical influence 
in the aggregation of Dictyostelium, If 
tliere were some way of isolating the 
substance in vitro we would have a proof 
of its existence, but so far all attempts 
in this direction have unhappily failed. 
It is suspected that the substance not 
only breaks down readily but that it is 
not stored in the organism. It appears 
only to be produced by the living ma- 
chinery It was decided that the sub- 
stance should at least be tentatively 
named, and after much deliberation and 
research I found that a witch m Ed- 
mund Spenser’s Faerie Qaeene was 
named Acrasia, and that she attracted 


men and transformed them into beasts: 

The faueioitch here selfe now solacing 

With a new lover, whom through 
SOI ce ice 

And witchcraft, she from farre did 
thither bring, . . . 

More subtile web Aiachnc cannot spin 

Since Dictyostelium is also a member 
of the Acrasiales, it was clear the sub- 
stance had to be called acrasin. 

Once the peculiai life history of Dic- 
tyostelmm is grasped, the very fiist 
c[uestion one asks is how it aiose m 
evolution. It is veiy easy to see that, in a 
biid, wings arc ol advantage to escape 
piedalors and to gel food, and that m 
the evolution of birds tlieie would likely 
be natural selection lesuUmg m better 
and moie efficient wings. It is harder to 
see why Dictyosleliuin is a moie effec- 
tive oiganism than common amoebae. 
In fact, there is always the possibility, 
which we will ignore, that it is not. The 
spoies of Dictyostelium might be more 
resistant to adverse envii*onmental con- 
ditions, but many common amoebae 
form cysts which also are lesistant. 

Pei haps Dictyostelium has a selective 
advantage in being elevated on a stalk. 
There are a number of reasons for be- 
lieving that because the amoebae are up 
in the air they are hardier than they 
would be in the water. David Perkins 
of Stanford University has made another 
likely suggestion, This is that elevated 
amoebae have a better chance for dis- 
tribution, especially because the spores 
would tend to adheie to insects brush- 
ing past them. These arguments are 
rather tenuous, and I will ask you merely 
to assume that the fruiting bodies of 
Dictyostelium help it survive, and to be- 
lieve at least that there has been evolu- 



BALL OF AMOEBAE is lifted above die surface of its 
medium by a slender stalk of other amoebae. Cells of 


the ball are principally spores. The height of the en- 
tire organism at right is approximately .4 of an incli- 




tion fioni the common amoeba to Dic- 
tyostelium. 

There is some support foi this latter 
assumption in the intei mediate forms be- 
tween common amoebae and Dictyo- 
stehum. There are some forms that sim- 
ply pile up m shapeless mountains of 
amoebae These do not differentiate into 
stalk and spore. There aie some that 
have a very crude resemblance to Die- 
tyostelium One might just as well say 
that these foims lepiesent an evolution 
in the leveise direction from Dictyosteli- 
um to a common amoeba. All I can ask is 
that you assume somewhat aibitrarily 
that tins is not so 

I N a lecent aiticle John R. Baker of 
Oxfoid Univeisity has noted the fact 
that among piimitive green organisms 
theie are more intei mediates between 
one- celled forms and true multicellular 
forms than theie are among piimitive 
colorless, particle-feeding organisms. 
The difference is lathei marvelously ex- 
plained by Dr, Baker, who points out 
that the green cells aie all photosyn- 
thetic, that is, they make their own food 
with the help of water, caibon dioxide 
and the ladiant energy of the sun. There- 
fore they do not need any special organ 
lor obtaining food. Any cell that eats 
pjirticulate matter, howevei, needs a 
special feeding appaiatus. So if you have 
an organism consisting of a gioup of ad- 
hering cells, and it it is photosynthetic, 
there is no mechanical feeding problem. 
A group of paiticle-feeding cells, how- 
ever, must adopt a new method of 
feeding. This involves a very large and 
difficult evolutionary step. The ques- 
tion to examine is whethei or not there 
IS any way in which colorless, non- 
photosynthetic cells could circumvent 
this obstacle rather than tackle it head 
on, as have the sponges, the coelenter- 
ates and our mam line of animal evolu- 
tion. 

It is clear that Dictyostelium, by the 
use of its aciasin, has found a way. All 
feeding and growth is accomplished by 
single cells that require no new method 
of feeding The aggregation of the cells, 
which we now explain by 'the action of 
acrasm, takes place after all the cells 
have completed their feeding. This pro- 
duces a relatively simple, non-feeding, 
multicellular structure that raises the 
spore into a presumably advantageous 
aerial position. Acrasm, partly sired by 
a witch, IS alone responsible for this 
artful dodge. It has, however, turned 
out to be a blind alley in evolution 
reachmg little fmther than Dictyosteli- 
um itself. Surely the price of this sly ruse 
had to be paid somehow 



TWO EXPERIMENTS performed under water elucidated the mechanism 
]>y which .jimochae arc attracted to a central point. When a central mass is 
placed on a shelf {top) ^ amoehae below shelf stream around edge. When 
mass and aiiioeliae ai’c separated by a gap [hottojji ) , amoehae ti*y to span it. 




John Tijler Bonner 
is assistant profes- 
sor of biology at 
^ Princeton University. 


MULTICELLULAR STRUCTURE of Dictyostelium is shown in five stages. 
Drawing at upper left shows end of aggregation. Drawing at upper center 
shows formation of pre-spore cells. Drawings at lower left and center show 
formation of stalk cells. Drawing at right shows stalk bearing spores aloft. 
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Trapped 

Light 

Zarem camera freezes 
reflections of a beam 
of light as it speeds 
aivay from the shutter 


T he seven small spots in the center 
of the picture on the opposite page 
are the leflections of a beam of 
light caught m mid-passage. The spots 
are reflected from a senes of minors set 
a foot apart on an inclined platform. On 
a line with the minors is a new camera 
capable of making a photographic ex- 
posure lasting only .01 microsecond, or 
one hundred-millionth ol a second. 

The principal feature of the camera, 
which was developed by A. M. Zaiem, 
director of the Los Angeles division of 
the Stanford Research Institute, is the 
Kerr cell. This device is made up of two 
flat electrodes placed in a ti^ansparent 
tank of nitrobenzene. Two polarizing 
filters may then be placed on opposite 
sides of the tank, ciossed in such a way 
that no light can pass through them. 
When an elecbic field is imposed upon 
the nitrobenzene, it becomes birefrin- 
gent, i,e., the polarization of light pass- 
ing through it is alteied so that it can 
pass through the two polarizing filters. 
By controlling the type and duuition of 
the electrical impulses imposed on the 
cell, the passage of light can be restricted 
to fractions of a microsecond. 

The light-stopping experiment was 
performed by Dr. Zarem, F. R. Marshall, 
Norman Chase and Nicholas Saines at 
the U.S Naval Ordnance Testing Station 
in Pasadena, Calif. The purpose of the 
experiment was to determine the length 
of the shortest beam of light that can be 
chopped off by the Kerr cell. As shown 
in the diagram at the right, one Kerr cell 
was placed in front of a light source. 
After it had briefly allowed tlie light to 
pass, a second Kerr cell m front of the 
camera was opened. It was then able to 
capture the reflections of the short beam 
that had been passed by the first. In this 
way Dr. Zarem and his associates were 
able to show that the Ken* cell can cut 
off a segment of a light beam only 10 
feet in length. ’ 



IN EXPERIMENT one Kerr cell was placed in front of light source. The 
other was placed before the camera. Open cell is indicated by gray hox; 
closed cell by black. First cell sends a short beam of light toward the mirrors 
at right. Camera then records reflections from only two of the mirrors. 
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It might have been possible in the case of Robert 
Irwin. Society did not accept the responsibility, 
hut it insisted that the murderer accept the blame 


by Fredric Wertliam 


You let him become gmltij fast 
And then you leave him to his pain. 

For all guilt is levenged at last. 

—Goethe 

I SAW Robeit Irwin for tlie first time 
at tlie end of Octobei m 1932. He 
was a nice, frank-looking young man 
who spoke with emphasis and convic- 
tion. He had been admitted to the hospi- 
tal on the 27th of October. Early that 
morning— at 2; 20, to be precise-he had 
come to the surgical emeigency room, 
having attempted to emasculate himself. 
In the morning Irwin was admitted to 
the psychiatiic division, where he gave 
his name as Jack Adamson. 

Not without difficulty, I obtained de- 
paiLmental pei mission to keep Iiwin in 
the hospital much longei than the usual 
stay, in ordei to study his case. In the 
busy ward where he was confined we 
improvised long private interviews and 
psychoanalytic sessions in one of the 
cubicles. We kept this up till March, 
1933. Eventually the pieces of his life 
story began to fit together. 

His mother was a well-educated, col- 
lege-ti'ained woman of a veiy good 
Southern family. She studied music and 
at one time Wiis acquainted with Pade- 
rewski. Members of the family were busi- 
nessmen, judges, men of wealth. She 
herself belonged to a less well-to-do 
branch of the family. She was a serious- 
minded woman, extremely devoted to 
her children, and religious to the point 
of fanaticism. 

She had four children, a baby girl who 
died at two of whooping cough, and 
three sons, one four years older and one 
two years younger than Robert, They all 
were given names with special religious 
associations— ‘the doggonedest names. 
^Ve all changed them later ” Robert's 
name was originally Fenelon Arroyo 
Seco Irwin. He changed it to Robert 
Irwin at the age of 16, after having read 
and gieatly admued the works of Rob- 
ert IngersoU. 

Before Bob was three his father de- 
serted the family. Bob did not remem- 


bei ever living undei the same loof with 
his father, but he remembers seeing him 
off and on later. “He was a fine, big, 
handsome man." Almost up to the age 
of 12 Iiwm idolized his father. Then 
his mother explained to him about Ins 
father s deseition and godless ways. Af- 
tei the fathei had left them, the fam- 
ily— not well off bef 01 e— had a really hard 
tune. The mother found herself with 
thiee exuberant, unruly sons. As Lime 
went on social woikers, probation ofli- 
ceis, and children’s couit judges became 
almost a pait of the household. 

Bob was intensely devoted to his 
mother. She apparently felt the same way 
about him, but she expressed it mostly 
in terms of a fanatical religious educa- 
tion. He had to lead three chapters of 


EDITOR’S NOTE 

This article is an abridged ver- 
sion of “Manhattan Tragedy,” a 
chapter in the author’s book The 
Show of Violence. The book was 
published last month by Double- 
day & Company. 


tire Bible every day and learn a psalm 
by heart every Sunday. Like red threads, 
the three themes of mother, religion and 
sex were early woven into the fabric of 
his hfe. He loved and hated all three 
with the full intensity of his tremendous 
temperament. 

Bob always felt inferior to his broth- 
ers. It seems tliat he was always more 
considerate and more serious than they. 
When he got to the reading stage he 
read Plutarch’s Lives, Pilgrhns Progress, 
and Shakespeare, They read detective 
thrillers. He thinks they were stronger 
flian he and that other children re- 
spected them more. 

He was extremely sensitive about feel- 
ing that somebody might consider him 
a sissy. Fighting to assert himself— that 

Illustrations by Ben Sliahn 


was a 1 espouse that occuircd over and 
ovci again m his life. It was nevei en- 
tnely unprovoked. But let a boy make 
some remaik he did not like, let a taxi 
driver argue about the faie or a baiber 
make what Bob considered a disrespect- 
lul lemaik, and off he went into a seiious 
fist fight. 

AT the age of 14 an mteicsl entered 
his life iJiat was to become a con- 
suming passion tuid a conscious goal 
ait. At fiist he modeled figmes in butter 
and soap. He loved to look at picUnes 
and eolloclcd all kinds lepioducUons of 
Greek statues, ancient lieiocs, beaulilul 
and nude women. He assembled thou- 
sands of them. He never went m for 
obscene pictures. 

Then a leciinent curse ol his life 
supervened: unemployment. He went on 
his own initiative to the court of domes- 
tic relations. “The man there said, ‘Why 
don’t you learn a trade in a relormalory 
and so I asked to go to one. I would 
never have been a sculptor if I had not 
been there. The skipper there was one 
swell guy. I happened to lepiark one day 
tliat I could be a sculptoi, and the very 
next day he brought me some clay. My 
career as a sculptor dates fiom there." 
By that time he was 18. He stayed in 
that reformatory foi 15 months. His 
progress m art, however, was handi- 
capped by something more serious than 
anything that had happened so fai “that 
visualizing thing.” 

When Iiwin was 15 he left grammar 
school to go to work as an eirand boy 
in a wholesale house, “I remember one 
day there I was folding up some silk 
with polka dots on it and all of a sudden 
I leaned back against the door and my 
boss said, ‘What’s the matter?’ and that’s 
when the whole thing came to me in full 
force— that you have to visualize things 
first. Before a sculptor can make a statue 
he has to first make a mental statue.” 

This idea preoccupied him off and on 
and he actually practiced visualization. 
He would sit on the edge of the bed in 
his room and he would “see" in his mind 
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pictuies from his collection. Once it was eity leally caught up with him. He often the meeting there weie about 60 psychi- 

Napoleon aftei his abdication; once it slept in the paik. He even had to go to ati'ists in the audience, including several 

was Theseus. He wanted to learn to restauiants to beg food. That was his prominent psychoanalysts. Irwin was 
pioject such pictuies at will m front of greatest humiliation. with me on the platform and leadily an- 

hini so that he could really see them. In this setting his emotional conflict swered questions put to him first by me 

That required intense concenti ation. became more and more intense, until it and then by doctors from the audience. 

was unbeaiable, and he took the “one Questioned about his having run away 

I WENT ovei his sex life in some de- way out” that landed him in the psychi- from the state hospital, he said, “I in- 
tail The influence of his fixation on atiic hospital where I fiist saw him. That tended to go back after Td seen Dr. 

his mother image was unmistakable. The was on October 27, 1932. Wertham. Td bought a round-ti'ip tick- 

first time he had mtei course was with Dm mg the last period of his stay in et.” One psychoanalyst present ques- 

a piostitute oldci than himself who the hospital he no longer mentioned the tioned him closely about his sexual life 

realized right off that it was his first time idea of self-emasculation. He improved and he replied very frankly 

and that he was ah aid, and tieated him under psychotherapy, but he did not le- In a case of this type there is at the 
“in a motherly way.” Once he had re- cover Aftei talking the matter over with one pole of diagnostic possibilities de- 
lations with an older woman and felt me in gieat detail he consented to be mentia piaecox (schizophiema) , which 

ashamed afieiwaid. “We were like committed to a state hospital. He was has a serious piognosis and is never 

mothei and son. We liked each other and tiansfeired theie March 17, 1933. fully explainable by psychological data 

quaireled a lot.” The next time I saw Irwin, most un- alone. At the opposite pole is the diag- 

In the autumn of 1931 things became expectedly, was on November 17, 1933, nostic label of psychopathic personality, 
too much for him. He was pooi, did not when he suddenly tippeared at my home which indicates a mild constitutional 

make any headway with work or with m the evening As he arrived I was just mental abnoimality not serious enough 

ait, and felt woiried and depressed. He leaving for a medical meeting. He had to be counted a major mental disease 

presented himself at the psychiatric city lun away from the state hospital that (psychosis) Every scientific psychiatrist 

ward and was admitted. He told the doc- day. At fiist it was not quite cleai what wishes to find guidmg hues in the no- 

tor “I was going to kill somebody so I he wanted me to do. But after giving man's land of psychopathic behavior 

would be hung.” When he was dis- all his reasons and expressing his feel- that lies between these poles, 

charged he was sent to a convalescent mgs, he asked me to help him get work Dm mg the discussion of diagnosis at 

home. in a convalescent place. I pel suaded him this meeting some doctois favoied the 

He stayed in the home for the period that the best thing for him to do would diagnosis of schizophrenia and spoke 

allotted by the providers of charity for be to go back to the state hospital. against any furthei attempts at psycho- 

the convalescence of poor jieople. After I asked him whether he would go theiapy. I outlined my idea that Iiwin’s 

that he obtained a job as a waiter there. along with me to the meeting and let case was outside the group of schizo- 

It provided food and lodging, but it was me present him to the doctors as an in- phienia, that it was a psychologically ex- 

far lemoved fiom art. After he lelt that sti active case which could be of benefit plainable condition based on a sequence 

job he came to Manhattan. There pov- to many olhei patients He agreed. At of unconscious emotional factors. Its 



ROBERT IRWIN was a sculptor, although his art never hutter and soap. In this illustration he is making a bust 
mitigated his poverty. As a boy he modeled figures in in a reformatory he entered in order to learn a trade. 
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essential feature was the pattern of 
violence which appeared to the patient 
at critical stages of the disease as “the 
only way out” (catathymic ciisis) I e\- 
piessed my conclusion that he was m a 
gieatlv unproved stage of the disease but 
that the pattern of violence was still 
latent-violence either against himself or 
against others I added that these cases 
could recover if they were given pzo- 
longed sympathetic and active psycho- 
analytic psychotherapy, and said I was 
convinced that if they did get it they 
could be returned to the stage of recov- 
ery and normality. 

This discussion was unlortunately of 
more theoretical value than piactical use 
for Irwin. After the meeting I took him 
to tlie admitting office of the hospital 
and he was returned in the routine way 
back to the state hospital from which he 
had eloped. 

In hlay, 1934, Iiwin was discharged 
from the state hospital, and two weeks 
later he appeared again at my home. He 
was his same old self. He spoke em- 
phatically and positively. In the state 
hospital he had been allowed and en- 
couraged to do drawing and sculpture, 
and that had evidently had a good effect 
on him. But the timdamental catathymic 
trend with the “visualization” and the 
search for a “way out” weie still there. 
He had not written to his mothei, but he 
had turned from his previous bitterness 
against religion to going to chinch. 

In August, 1934, he told me about a 
pretty Hungarian giid, Ethel, liis land- 
lady’s daugliter* She helped him with 
his visualization. He said he made more 
progiess with visualization with her 
help than he had ever made before. He 
also talked to her about art and took hei 
to museums. 

In the middle of October he obtained 
a job in the Polyclinic Hospital as an 
elevator operator and attendant in the 
doctors’ coatroom. When I saw him in 
December his underlying tension and 
anxiety were neaier the surface than 
usual. The Hungarian girl had weaiied 
of liim and his visualization. The ele- 
vator job was monotonous and poorly 
paid, and die electric liglits botliered his 
eyes. After he left that job and was un- 
able to find another one his economic 
condition got so bad that he had to apply 
for home relief. I adwsed him as forcibly 
as I could to return to the state hospital. 
He agreed. 

He stayed there this time for almost 
two years, with a week s interruption on 
parole m July, 1936, during which he 
looked unsuccessfully for employment. 
In September, 1936, an attendant at die 
state hospital told him that he might 
get into the theological school of St. 
Lawrence University in Canton, N. Y., 
despite the fact that he had had no high- 
school education. 

His work at the university seems to 
have been satisfactory. He taught two 


sculptme classes, one foi adults and one 
for childien. The childien paid 25 cents 
a lesson. He had his heait in that woik, 
and was very successful as a teacher. 

This time tiouble came in the form of 
a student who broke some of the sculp- 
ture made by the childien. Irwin was 
angry and got into a violent fight with 
him, as a result of which he was dis- 
missed from the university. He went to 
New Yoik, where he anived two days 
before Easter Soon afteiwaid he was 
sought all ovei the nation as a fugitive 
horn justice for the murdei on Easter 
Sundny of Mrs. Gedeon, the landlady of 
a boaidinghouse where he had once 
lived, her daughtei, Veronica Gedeon, 
and a boarder, Frank Byi nes. 


E arlier m that yeai T had been in- 
vited to read a psychiatric papei at 



IRWIN DREAMED that an angel 
patted his head and said: “’What do 
you want?’' He said: “I want you.” 


Johns Hopkins Hospital on the occasion 
of the 25th anniversary of the Phipps 
Psychiatric Clinic theie. The paper I 
had prepaied was “Catathymic Cnsi.s* 
A Clinical Entity.” Irwin, as a case of 
violence turned against oneself in the 
form of attempted self-emasculation, 
was one of my examples of unrecovered 
cases m which a recurrence of the pat- 
tern of violence (either against himself 
or against others) could be predicted. 

By the time I read the paper in Balti- 
inoie the prognosis m Irwin’s case had 
just been fulfilled and I was able to ex- 
plain in his case the interchangeabilty 
in catathymic crisis of violence directed 
against oneself and violence directed 
against others. Irwin’s name as a triple 
murderer was on every front page as I 
spoke. 

Irwin had arrived in New York from 
Canton on the 25th of March, 1937. All 
through the 26th he looked for work, 
unsuccessfully. On Saturday, March 27, 
he had a date for lunch with the fiancee 


of a fellow student at the university She 
was a pie tty and socially piomment 
young gill ol 22. 

They had lunch at Schrafft’s, then 
went to the Museum of Natural History 
to meet hei brother, a big-game hunter 
who had bi ought back trophies fiom 
toieign countiies. They tried to get Iiwin 
a job at the museum as a taxidermist, 
but it fell riirough. “I was disappointed, 
but I did not let on, as they tried very 
hard to get the job foi me. So I took the 
girl alone to the Metiopohlan Museum 
of Alt.” In the museum Irwin animatedly 
explained to her the sculpture exhibits, 
including his favoiite CoUeoni Pie told 
hei about “the liunganan giil” and how 
much she had meant to him in the past. 
Pie finally left her on Filth Avenue. Then 
he walked the sheets. PIcre he was again, 
his careei at the university abiuptly 
ended, and the last piospeet of a job 
blasted. And the lunch had depleted his 
cash reserves. 

He walked back to the old house 
where he had lived with the Gedeons 
and where he had had such high hopes 
with Ethel and visualization. “That was 
the liliiest and blackest moment of my 
hie ” He decided to end il all and went 
to the East Rivei piei at 53id Street. Pie 
hung aioimd the pier, waiting for it to 
get daik. Pie brooded and biooded, look- 
ing down at tlie water. “And then I made 
up my mind to kill Ethel and go to the 
chan 1 01 it.” 

Irwin liad last seen Ethel in July, 
1936, when during Ihs week’s parole 
from the state hos]:)ital he visited her and 
her husband. In December ol that same 
yeai' he had visited Ethel’s mother, Mrs 
Gedeon, and her sister Ronnie at their 
house and had “pumped” Ronnie to find 
out how Ethel was getting along Pie had 
the wrong impiession that Ethel’s mai- 
riage was bioken up and that she was 
again living with her mother. That is 
why he went theie now in search of hei. 
But first he went to a hardware store, 
bought a file, and sharpened an ice pick 
winch he had among his things. Then, 
his mind made up, he walked to the 
Gedeon home. 

When he reached the house at nme 
o’clock no one was there. Pie waited un- 
til Mrs. Gedeon arrived at 10 and went 
up with her. A little later he took her 
Pekingese dog out for his evening walk. 

Back at the apartment, he talked with 
Mis Gedeon. She had always been very 
friendly to liim and had taken an interest 
in his well-being. He tried to prolong 
the conversation as long as possible, for 
he was convinced that Ethel was Jiving 
there and would come home eventually. 
He was determined to stay until she 
appeai'ed. 

After a while Frank Byrnes, a roomei 
in the apartment and a waiter at the 
Racquet Club, returned home. Mrs. 
Gedeon introduced him to Bob and then 
the boardei went to his room to go to 
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bed. Continuing to talk with Khs. 
Gedeon, Irwm finally got up courage to 
inquire about Ethel. He was told there 
n^as no news about her, that she was not 
living theie. He did not believe it and 
asked some more questions. 

Finally Mis. Gedeon told him it was 
getting late and suggested that she 
wanted to go to sleep now. But Irwm 
had no intention of leaving. Kbs Gedeon 
firmly told him he must go, and "‘at that 
moment I hit her a teinhc blow with 
mv fist and knocked her down. She had 
plenty of life in her. 1 grabbed her by 
the neck. I was astonished at the fight 
she made. I coatmued choking her, and 
m the struggle she kicked me and 
scratched me something teriible. I had 
her on the floor. I continued to choke 
her for about 20 minutes before I was 
sure she was lifeless. Then her arms 
dropped back limp and her shoulders 
sagged to the floor. I still had my over- 
coat on,” 

He lifted her body and took it to the 
adjoining bedroom, where he pushed it 
under the bed. He washed his face and 
hands m the bathroom and turned off 
all the lights. Then he sat down and 
waited and waited and waited. 

Hours later (the evidence points to 
<ibout three o’clock) the apartment door 
opened and he heard Bonnie’s voice .say- 
ing good night to someone. She went 
directly to the bathroom and stayed 
there for almost an hour. All this lime 
Bob stood hidden in Mrs. Gedeon's 
darkened bedioom. next to the bath- 
room dooi . 

Finally Ronnie came out. Bcfoie she 
had a chance to cry out he grabbed her 
hy the throat, earned her to her bed- 
room, and put her on the bed He kept 
her there for about two hours. “First of 
all she said, ‘Who are you?’ And I don’t 
know whether I answered her or not. 
The whole night passed to me like a blue 
daze I said, ‘Where is your sister 
Ethel?’ She said, ‘She is with her hus- 
band.’ I said, ‘When is she coining 
home?’ And she said, ‘She won’t come 
here,’ I didn’t know what to think.” 

There were no sexual thoughts m Ii*- 
win’s mind at that time. His relationship 
with Ronnie had always been com- 
radely. They had considered themselves 
as colleagues in art, she a beautiful 
model and he an up-and-coming sculp- 
tor. 

While he was talking to her when she 
was on the bed he had made every effort 
to disguise his voice. He did not know 
whether she had recognized him or not. 
“Finally, at the end, she said to me, 
‘Bob, I know you are going to get in 
h'ouble for this.’ The minute she said 
that I clamped down on her and choked 
her till she was lifeless.” 

He returned to the other room and 
waited in the dark. Then he remem- 
bered Byrnes, the boarder. Hours before 
he had wondered why Byrnes hadn’t 


come in dm mg the rumpus with Mrs. 
Gedeon. Iiwin did not know that Byrnes 
was a little deaf. When Irwin had en- 
tered the apaitment he had laid the ice 
pick on a side table. Now he got it and 
went into the boarder’s room. “Byrnes 
was asleep. I shuck him the first time 
in the temple, as far as I could go The 
pick was about six inches long. Alter 
sticking him once, the poor fellow lay 
theie twitching but did not bleed. He 
did not make any outciy I wanted to 
put him out of his raiseiv, so I stabbed 
him a number of othei blows about his 
head” 

Still no Ethel He hantically went 
through every diawer m the house for 
pictuies of her. He could not find any. 
He took two photos of Ronnie. Then he 
took the small alarm clock and put it 
in his pocket. About that he said later, 



IRWIN SLEPT in the park after his 
discharge from a convalescent home. 
Author met him shortly after this. 


“Do you know, that’s the one thing Tm 
ashamed of. Steahng that clock. To kill 
IS one thing; but to be a sneak thief—” 
As he left the apartment he said to 
himself, “Buddy, now you’ve done it.” 

F rom then on he felt more like a 
nomad than a fugitive. He stayed in 
New York foi a week, then went on to 
Philadelphia, then to Washington. In 
Wasliington he visited the art museum. 
Then he went to Gleveland, where he 
obtained a job as a bar attendant in a 
hotel. After being in Cleveland a short 
while he had an experience which moved 
him so profoundly that he almost ga^^e 
himself up at once. He read in the pub- 
lic library that liis mother had died. 
That made everything different. Now he 
could never go home to his mother after 
having made something of himself. So 
he might as well give himself up and 
die now. But he did not— not yet. 

On June 25, when a young girl who 
also worked in the hotel recognized his 
picture in a detective magazine, he 


quietly left town for Chicago. There he 
gave himself up to the Hearst papers 
on d contract that he would tell them on 
the spot the story of his life and of the 
murders if they would in return pay him 
$5,000, most of which was to go to his 
two brotheis. 

The newspapers, beginning with the 
opemng blaze of the Hearst papers’ 
scoop, were having a field day. Almost 
every story w<is accompanied by re- 
touched nude or semmude photographs 
of the beautiful murdered model. The 
stones went into eveiy detail, real and 
fanciful. Iiwin commented later that 
many of then details weie untrue, “be- 
sides being abominably written.” The 
columnists cracked then quips. In the 
“Sun Dial” of the New York Sun theie 
was a verse: 

IT’S ALL DONE BY MIRRORS! 

He did not murder anyone 
And such a charge not nice is: 

He’s just the charming victim of 
A ‘'catathymic crisis” 

Slowly the wheels of the law began 
to move, PaHuriunt rnontes, nascetw 
ridiculits miis. The mountains laboi, and 
biing forth a little mouse. Justice in all 
its majesty labored and pioduced a 
lunacy commission. 

I was called beloie the commission 
seven times and testified lor many hours. 
The proceedings were strange. On the 
one hand, it was like a fiiendly get- 
together, with a lot of smoking and small 
talk. On the other hand, it affected all 
kinds of lules, procedures, and for- 
malities such as belong to a real trial: 
arguments between the District Attor- 
ney and the lawyer, objections and rul- 
ings by the chamnan or by the com- 
mission as a whole. If human lives had 
not been at stake it would have been an 
amusing caricatuie. But lives were at 
stake: not only the life of Robert h’wm, 
for whom the electric chair had more al- 
lure than terror, but also tlie lives of the 
many Irwins, Gedeons, and Byrneses of 
the future. 

I stated under oath: 

1. That Irwin suffered from a mental 
disease every time I saw him. 

2. That he always suffered from the 
same mental disease. 

3 That if he had not had tliis mental 
disease and if his— to my knowl- 
eclge— decent personality had not 
been affected by this mental dis- 
ease, these tliree murders would 
not have been committed by him. 

4. That these three murders were in 
my opinion definite symptoms of 
his mental disease. 

5. That he was not in full possession 
of his mental powers dui'ing the 
night of the murder. 

That lunacy commission sat for seven 
months! The testimony taken at the pro- 
ceedings (and not all testimony was kept 
on the record) amounted to 756 type- 
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\ATitieii pages, of which 311 pages weie 
testimony given by me One sentence m 
the final repoit has alieady become a 
classic: 'The fact tliat in reaching its 
conclusion the commission has not been 
able to interrogate Iiwin [Irwin had re- 
fused to speak to them] should be noted 
m passing.” “In passing”! 

The man m charge of the Irwin prose- 
cution was the chief of the Homicide 
Bureau, Mi. Jack Rosenblum. Mr. Ros- 
enblum was a httle shocked that I de- 
fended the light of Robert Irwin as a 
sick man not to be electrocuted. Once 
he asked me, “What is your social 
philosophy?” I told him testifying in 
murder cases was not my profession and 
that was why I could do scientific re- 
seaich on the subject. Practically, my 
inteiest was prevention. “There is one 
man in this case,” I said, “who tried his 
hardest all along to prevent these mur- 
cleis. And that man is Robeit Iiwin. If 
you add it all up,” I went on, “he pre- 
sented himself 10 times within foui and 
a halt years to the pioper medical agen- 
cies to ask for help. Did he get it?” 

In November, 1938, he laced a par- 
tially filled juiy box. The first day was 
spent with the selection of jurois. The 
next day, after a consultation of counsel, 
a plea oi second-degiee murder was .sug- 
gested and accepted Mi. Leibowitz told 
me that this came about entirely through 
my stand. Latei I learned that of the 
dozens of psychiatrists who had had con- 
tact witli Irwan, who had kept him for 
years in state hospitals, diagnosed him 
as a case of schizophrenia with bad prog- 
nosis and what not, I was the only one 
who kept insisting that he was legally 
insane. 

Now the legal pait was over witli. The 
plea excluded the electric chair. The 
Sentence to he pronounced later would 
be only a matter of arithmetic. It was 
merely a question of how many legal 
years a life sentence can have. 

When the curtain rose on the finale in 
the courtroom Irwin was all prepared for 
his speech to clear his “wounded name.” 

“Robert Irwin,” intoned tlie clerk, 
^liave you anything to say before sen- 
tence is pronounced upon you?” 

There was a tense silence. Irwm 
cleared his tlirbat. He began to speak in 
careful, measured tones. 

The judge interrupted Tiim to say that 
he had already pleaded guilty and that 
the court washed to hear no extended 
oration. Irwin tried to break in, hut the 
judge went on do recite the facts of 
the indictments and plea, and an- 
nounced the results of his additions; 
“One hundred and thirty-nine years.” 

The end of the story is best summed 
up in the words of the published report 
for 1939 of a psychiatric “Committee on 
the Legal Aspects of Psychiatry”: “An 
interesting sequel of the Irwin case is 
that the District Attorney, apparently 
convinced that the lunacy commission s 


repoit would not be sustained as a lesult 
of a bial, accepted a plea of guilty in 
the second degree, and that within 
about 10 days of the piisoner’s reception 
at Sing Sing he was lound by the piison 
physicians to be psychotic and was ti'ans- 
teired to the state hospital for the crimi- 
nal insane.” 

R obert IRWIN was a gifted and 
piomismg young aitist. His was 
fundamentally a decent, unselfish, loyal 
chaiacter. What had gone wrong with 
him? 

Speaking of the night before Easter 
Sunday, 1937, Irwin said, “Eveiy bit of 
it was accidental.” That was a smceie 
statement. He intended to annihilate 
Ethel— and instead killed three other 
y)eople. But when he used the term “acci- 
dental,” that meant only that the causes, 
the design, were hidden from him. If 
one undei stands the conscious and un- 



DREAM LEOPARD reminded Ir- 
win of '’'‘Schopenliauer’s will that de- 
voured everything it [ encountered] 


conscious workings of his mind, tliere 
aie layers of patterns woven into one 
another. 

The most superficial of the hidden pat- 
terns behind his action is called the 
Herostiatus complex. Herostratus was 
the ancient Gieek who deliberately set 
file to one of the most renowned build- 
ings of his time, the temple of Diana at 
Ephesus. He gave as his reason that he 
wanted to do something by which he 
would be famous through all the ages. 
He accomplished this goal. His name has 
become a byword and is known to many 
who do not know the names of the heroes 
of Thermopylae, the Bastille or Stalin- 
grad. Heiosti'atus must have suffered 
from some tremendous frustration, some 
ovei whelming inferiority, that made him 
seek acclaim and punishment at the 
same time. 

Iiwin also wanted acclaim. It was 
much more than the artist's desire for 
communication with a public. He want- 
ed omniscience— and that, of course, 
means knowing more than all the others. 
He was willing to pay for that the lugh- 
est price. Like the Nordic super god 
Wotan who sacrificed one eye to get 
omniscience, he was willing to sacrifice 
his sex organ. After the murders he first 
thought of giving himself up to Walter 
Windaell, then gave himself up to a big 


iiewspapei chain and evidently enjoyed 
the pioceedings. The puce was life, 
either the electric chan oi life impiison- 
ment. He did not have to give himself 
up, for his chances of escape for a long 
time were excellent. 

What mteiested him most about his 
ti'ial was the show, the contest, and— 
after he had taken the plea— the little 
speech he was going to make. Many peo- 
ple daydream such events, but he acted 
them. Even the murder night had an 
element of bravado in its scope and 
leiocity. 

Anothei of the more superficial pat- 
terns is what I like to call the flight into 
custody. In legions and periods wheie 
the inmates of stale hospitals and conec- 
tional institutions are humanely treated, 
one can find individuals who again and 
again voluntarily give up then freedom 
to surrendei themselves to the custody of 
the authorities I knew an alcoholic 
patient once who had done so 176 times. 
In the old Geiman psychiatiy such peo- 
ple were called Anstalishiimmler. Of 
couise bad social conditions on the out- 
side have something to do with it. But 
there is such a thing as an emotional 
drive to flee Irom accustomed surround- 
ings and place oneself in the hands of 
official custodians. Irwin did that when 
al tlic age ol 18 ho had himself com- 
mitted to the State Training School, and 
again later when ho went to the psvehi- 
atric hospital, and still later when he 
willingly returned again and again to 
the custody of the state hospital. 

Yeais bctoie the murder, when Irwin 
was still for me merely a case ol at- 
tempted self-emasculation— and not yet 
a case of murder— psychoanalytic study 
had revealed that his emotional conflict 
centered on his mother. However he ra- 
tionalized his ideas of visualization, it 
was to his mother that he wanted to re- 
turn in the glory of his attainment The 
conflict between infantihstic conquest of 
his mother and elimination of hei image 
by flight or violence was the seciet, un- 
conscious blueprint that guided his life. 
His whole life was a flight from her. 

The victims of the murder night weie 
not so “accidental” as they seemed to 
him. On the murder night the original 
family constellation was repeated. Mrs. 
Gedeon was one of those psychologi- 
cal mother-substitutes that recurred 
throughout the course of his life. Hei first 
name, by which he called her, was the 
same as his mothei's. Her murder, pre- 
cipitated by her lefusal to let him see 
Ethel, was in its deeper motivations a 
symbohe matricide. 

Mr. Gedeon was absent— in fact, he 
was hving away fiom the family, some- 
what as Irwin's father had done. The 
father-image for Irwin had been a 
friendly one. He had met the Gedeons 
first about two weeks before he came to 
the hospital in 1932. Wlien he went back 
to see them in 1934 he went first to see 
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Ml. Gedeon, whom he hked. On that 
occasion he met again the women of the 
household and decided to move into 
the Jiouse as a boarder. 

Frank Byrnes was no moie killed be 
cause Iiwin thought he was eavesdrop 
ping than was Polonius, who did h.sten 
irom behind the arras. Irwin, hke Ham 
let, was flush ated m killing the one 
whom he wanted to kill (Polonius in 
Hamlet was a fathei figure, Byrnes was 
a brother hgiire. ) 

In their development m time, the 
stages of Iiwin’s life leading up to the 
tiagedy of the muideis follow the five 
stages of the catathymic crisis. 

I. The stage of initial thinking dis- 
orders, which lollows the original pie- 
cipitating circumstances. 

II. The stage of the crystallization of 
a plan, when the idea of a violent act 
emerges into consciousness 

III. The stage of extreme tension, cul- 
minating in the violent crisis, m which 
a violent act against oneself oi others 
IS attempted or earned out. 

ly. The Stage of supeificial normality 
beginning with a period of lilting of 
tension and calmness immediately after 
the violent act. 

V. The stage of insight and recovery, 
witli the re-estabh.shment of an inner 
equilibiium. 

A case hke Ii win’s cannot be summed 
up in a Greek word. But at its minimum 
the designation catathymic crisis mdi- 
yttes that there is a pathological condi- 
tion vvitli a beginning and a course, and 
e-xeludes the unpsychological claim that 
Irwin was a ca.se of schizophrenia (de- 
mentia puiecox), uminderstandabie, 
bizarre, and incurable.” 

The intervening yeais, like an experi- 
ment, have confirmed my diagnostic 

off 

(ind on. They ai’e waim and close, show- 
ing no teace of schizophi-enic with- 
clmwal. Several of his doctors have 
informed me personally that “he shows 
no mental deterioration/’ 

T . f I received a letter from 
uvin. He told me how he was getting 

snnt^’ my health and 

f>poke about the cold weather. Then he 
UTote tliat he had found a spairow with 
one foot frozen off. “I am kLping it iii 

die t I’m afraid it will 

the. I don t want to kill it. And yet it 
cannot possibly live if I turn it fiee So 

sp«>™4 - “ 

Ever since I got that letter I have been 
^rble to dismiss the que.stion from my 
^d: Did society ever show as much 
onoein for sick Robert Irwin as he 
showed for a sick sparrow.? 
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Uy Jam(‘s K. N(*wnuin 

PKAta-: OH Prsth-knck, by TIumkIov Rose- 
bury* Wbiltk'soy lluust' ($2.75), 

O N ibc whole I foiiiHi (his a U'ss Iior- 
rifying l)oi)k tlum 1 luul (W)>colocb 
Perluips this is beciiusc' llu‘ uiicer- 
luiuliOvS oi' biologiotil vvailare, of wliicli 
liierc arc uuuiy, are ser/ccl uj'xni as proof 
lhat Ihc! ouliro busiia^ss is only a iiiglib 
ituiru; ])orhaps it is ihal, having gol uscxl 
to Ifiroshinuu the inhul c-annoi ho ox- 
poelotl to boggle at the llantglil of em- 
ploying genus to “exleud poliey by other 
nuuius*’’ As a nuiiltn* of tael. Dr. Rose- 
btiry argues lhat from the slau(ljH)iiit of 
(he reecaving population hiologieal war- 
fare, or HW, is probal)ly tio worse than 
atomic bombs, Physicists, we are told, 
most (h’inul llu* biologists' handiwork, 
whik' biologi.sLs, prt'sumably on mort* 
familiar tt'rms witli gtn'itjs, ri‘gard llu‘ 
atomic ]>omb as lla^ ptaik td human 
savagery. At any raU\ it is with com- 
mendahh’ vc'slraint that Pvurr or Ihusli- 
Icucc nnfolds it.s* aeeount of unlimited 
evil begotten by tribal fear, 

Tlie id('a of nsing germs to (‘.xlormi- 
nate the enemy is not, as miglU bo sup- 
posed, of reeonl origin. U is said that in 
lltc Kith eent\iry Francisco Pizurro dis- 
Iribntecl clothing eontaminated by small- 
pox among t)ie iVniviun iriclmns (al- 
legedly tbcTo were tbret; million vie- 
lims); lh(a‘(' is iH^ttcu' twicknuv for be- 
lieving tliat in ]76'2 CJenenil Amluirst, 
(kwernor of Nova Scotia, pursued the 
smne practice among the native trilios of 
(kmucki. Past(HU’ used a fowl-cbolora 
bacillus to destroy an army of rabbiLs 
that made the foolish mislake of disturb- 
ing the champagne bottles of Madame 
Potnmery's fainotis cellars in Rheim.s, In 
more recent times the notion of utilizing 
disease organistns for military purpo.sos 
first oeeurred to the (Jen nans. Tire 
Merck Hoport (the J9dG Reporl io the 
Secretary of War on Biolof^lcal War fare) 
notes that “there ivS incontrovorllblo evi- 
dence , , , that in I91S German agents 
inoculated horses and cattle leaving U. S. 
ports for shipment to the Allies with 
disease-producing bacteria”; similar at- 
tempts were made or planned by the 
Germans elsewhere, Since the early 
1930s most of the major powers have 
had seme sort of BW research under 
yyayvluoohclt^sive'but suggestive scraps 
. abcht'jbptn ind^ 




A hacteriologlsfs account of biological ivarfare, 
the under publicized complement of the atomic bomb 


German aclivituis have emuuatecl iVoin 
various sources; lap<UK the Merck Kc- 
port discloses, was working on BW “in- 
lensively’' from 1936 until 1945; our own 
major project al (kunp Detiick, Md,, was 
established under the U. S. Aumy C4iciui- 
cal (a)rps in 1 9‘IS, 

Almost tiothing is known about the 
progicss of Army research in this field. 
Shortly after tlio war llu^ S(‘curity lid was 
lifted a little hut (juickly clamped on 
again; BW facts ar(‘ now more closely 
guarded than the lacts about atomic 
bom])S. It is known that (kimp Detrick is 
“one of die Ihggcst and besl-ccjuipped in- 
stallations in the world for biological re- 
search and development”; tliat duringthc 
war it employed almost 4,000 persons, 
and that its present slalF. while some- 
wliut smaller, is no less skilled; tluit there 
are special ”ficld-testing” facilities for 
BW in Mississippi and lUah; that in 
1948 a single appropriation item for 
(aunp l)<‘trick came to $850, OOO, 4’herc 
have also heem published a few reports 
and technical pajiers apparently no long- 
er considered of military value. This 
c’omcs close to being the sum of puldio 
ktiowledge, Dr, Hosebnry’s hook is there- 
fore wc4come even though, because of 
existing restrictions, he has not been al)le 
to draw on his wartime expenenec as a 
bacteriologist at Cam]) Detrick, 

BW, as Rosebury points out, is *‘bac- 
Icriology upside down.” llie normal par- 
<mt science is eonccamed with tindcr- 
slanding the behavior of germs for the 
purpose of arresting disease; its inverted 
offspring is concerned with undorsland- 
ing the behavior of germs for tlu? purpose 
of spreading disease, flow to infect large 
numbers of persons, how to find and 
utilize the best carriers of disease, how 
to *‘alter the hereditary constitution of 
bacteria” so as to produce new strains 
which will be highly infectious yet re- 
sistant to high pressure, temperature and 
so .on, how to poison animals and vege- 
tation, how to protnote epidemics: these 
are the exercises of the upside down dis- 
cipline which appears right side up to a 
world standing on its head. 

At first glance the choice of infectious 
microorganisms for aggressive ends 
seems rich beyond the dream of military 
planners. Among the potentially useful 
bacterial diseases are tularemia, plague 
and melioidosis; cerebrospinal meningi- 
tis, cholera, typhoid and the bacillary 
dysenteries. The spiroclietes offer re- 
Upsing fever and infective jaundice; the 
protozoa, matoia; theritfcettsiae, typhus 
jWer, scrub typhus and Rocky Mountain' 


spotted lever; the viruses, psittacosis, 
yellow level, dengue, influenza, measles, 
mumps aud infantile paialysis, Rinder- 
pest, fool-and-moiith disease, hog chol- 
era and lowl plague merit attention be- 
cause ol their cllecl on animals. 

From this aggiegale the military, it 
might he thought, need only select the 
cullnros easiest to produce and store to 
have an incomparable set of weapons at 
llieir disposal. Several factors, however, 
nairow tlio choice of diseases and limit 
the range of BW. Tliis at least is the situ- 
ation at present . For example, BW is 
^'distinctive among forms oi warfare in 
its rcHpiircmeni that the weapon be not 
merely aimed at ihc target but also 
suited for it.” There are, us previously 
indicated, agents effective against man 
yet impotent against animals; man, in 
turn, is iuvulnerahlo to many diseases 
ufl’ecting both plants and animals. The 
bacterium best suited for couluiumg 
communism has not liocn determined. 

Killing ihc enemy, Rosebury observes, 
is ncilhor the only nor always tlio liost 
oi' military objectives. This principle docs 
not stem from tlio latent Immanitariuu- 
ism of generals; military thinkers merely 
consider “incapacitation prcfcvalile to 
killing, since the sick tic up medical per- 
sonnel and hospital facilities and other- 
wise drain the resources and impede the 
movements of the force that must cure 
for them.” Diseases that would spread 
“somewhat but not too much” are highly 
favored for special operations: for in- 
stance, where the target city is to he 
captured, the disease arrested and the 
survivors pul back to work. If the in- 
habitants of Topeka were all killed in a 
single raid it would be less of a disaster 
from our own military standpoint than if 
u third of the popnlation contacted psit- 
tacosis; similarly, our chiefs of staff 
might regard the planting of a full-scale 
epidemic of smallpox in Minsk as a more 
valuable military achievement than wip- 
ing out the city overnight. 

What are the principal criteria for the, 
selection and application of BW agents? 
Kosebury's list includes '^infectivity,” 
“availability,” “epidomicity,” “therapy,” 
“detection/* “casualty effectiveness,” re- 
sistance,” “retroactivity,” “means of 
transmission.^* Most of dtese items are 
self-explanatory though a few require 
brief comment. 

With reject to “infectivity” and 
“casualty effectiveness” you may recaE 
the sensational artieles, of a couple of 
years ago announcing tli6 extraorqina^ 
letHl propertied of botulinus, a toxm 


produced by Closlndium hotiilinum. A 
single ounce of the pure toxin, it was 
claimed, could kill 200 million or more 
persons The basis for this asseition was 
a senes of experiments m which minute 
quantities of the toxin were injected into 
the most uncomplaining of laboratoiy 
assistants, white mice. 

Simple aiithnietic then gave the con- 
cliLsions applicable to human lieings. It 
is sui prising that the newspapers ovei- 
lookcd other and more unpleasant possi- 
bilities. Milligram for milligram the 
pneumococcus is 20 times as effective as 
botulinus; the sticptococcus (in its ca- 
pacity for pioducing sore throats), 100 
limes; the tularemia bacillus, 15,000 
times. But it is essential to realize that 
this is a theoretical maximum for inlec- 
iion without regard to resistance, thera- 
py, cpidemieity and other factors. En- 
tirely apart liom these factors the 
botulinus story was both mischievous 
and stupid. Botulinus is a toxin, not a 
solf-propagali'ng disease; it would have 
to he spread by hand; il would probably 
lie as feasible to kill millions of persons 
with a hatpin as with botulinus. Theo- 
retically, liowcvcr, it is possible. 

Resistance refers to the infective 
agents’ “capacity to withstand environ- 
mental influences that are in some degree 
destructive, like drying, the ultraviolet 
radiation in sunlight, high temperatures, 
or high concentrations of disinfectants.” 
ft is also necessary that the germ main- 
tain Its viiulence under field conditions. 
Some organisms are unusually hardy: the 
spirochetes of relapsing fever remained 
alive and virulent in ticks that had been 
starved for five years; others, like the 
tularemia bacillus or the spirochete of 
syphilis, me extremely delicate, dying 
quickly unless hospitably treated. Even 
fragile agents, however, may be useful, 
since any germ crossed with haidier 
strains can piobably be “stabilized” 
while retaining its infectivity. 

Retroactivity— an awkward word for 
conveying Rosebury *s thought—iefers to 
the possibility of backfire when using 
BW agents. What is die chance that a 
given disease bacillus, used offensively, 
would infect die civilian population or 
the tiroops of the nation using it? A broad 
answer to the question is manifestly: w- 
ossible. The danger of booiiaerang epi- , 
emics would depend on the agent used, 
on the teiTain, the climate aha die otifi- 
er conditions of the conflict. jLkborateiy, 
research on BW agents is jphrffhhs,. :bht 
this problem was 'ssttisfactorily splwhd” ; 
during Ae l^st war%yen for ' 




The EPITOME of 
Andreas Vesalius 

Translated hy L. R. Lind, Ph.I), 

Here for the first time 
is the complete Eng- 
lish translation of a 
classic in the field of 
science. Although 
Vesalius intended 
the EPITOME to be 
a guide or brief 
manual, he skill- 
fully compressed a 
large amount of 
scientific knowl- 
edge within a lim- 
ited space In addition 
to being a descriptive an- 
atomy, the EPITOME is also an 
anatomical atlas containing thirteen famous 
woodcuts which show bones, muscles, ex- 
ternal parts, nerves, veins, and arteries. 



The book contains 32 pages of introduc- 
tory material giving a concise account of 
the life and woiks of Vesalius, 105 pages 
containing the English translation, followed 
by the complete- Latin text and all the me- 
ticulous wood-cuts as reproduced from the 
originui. Anatomical note.s by Dr. C. W. 
Asling follow each chapter. 

Probably $7.00 


MAGIC 

IN A BOTTLE 

by Milton Silverman 
Second Edition 

This is the fascinating story of modern 
drugs recounted by a brilliant story teller. 
You will learn how morphine, penicillin, 
and aspirin "were di.scovered — how cures 
were found for beri-ben, sleeping sickness, 
and malaria. Medical research is brought to 
life as it IS described in the terms of the 
men and women who made great discoveries. 

"MAGIC IN A BOTTLE 
is a second edition of 
one of the best 
popular accounts 
of the history of 
medical research." 

Chicago Sunday 
Tribune 

"Dr. Silverman is 
one of those race and 
gifted men who car\ 
interpret science, in- 
cluding medical s^. ience, 
to the intelligent laity 
without offending the scientists." 

Frontiers 13.50 
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toMiis aiitl (ugiiiiisius. 1 uii jito- 
t!u('(ion niiilt'i suit' ('ondilions of c‘ulliii(‘S 
.such a.s iht' \inil<*i)I |>siII.k'()Ses “soup" is 
unodioi iniiltt'E; anti as loi lli(‘ i isLs to 
llio altackor ol atdual |U,t‘nu w^urlart^, 
Ro.scdiiiiy oIIlms only spooulativc anti not 
nocossiu ily rcassuiing coujccduros. 

When siiilablo, liiiicly, virulonl, scll- 
piopagiUing ugonts—piolorably gonns 
that will oaL the enemy l>nl llavt^ no taste 
ior llie uttaekt'v— luivo hiuilly betm sc- 
lt?elo(l, wlit'n satisraetoi y melliotl.s ol pi o- 
(hicing and slorinu; BW enltunss m ([uan- 
lity liavc been IntiiKb Uierc still leiuains 
die most iiiLi icato and niu'crtain asiioel ol 
BW-the inaniiei of tiansmiUing the iia- 
cilli. No one leally knows, Bosebnrv ad- 
mits, what ^ti,eiTn bombs can do and “how 
one [can] get lliem to do il.” 1’he small 
field tests cuiried out thus lar, however 
iisoriil, provide no a.ssuiaucc tlial tlisease 
germs cun cdh^etivoly be spiead in wui- 
time. Water and food sup]-)ly undoubt- 
edly can be contuininatcd by saboleuis, 
but it seems doubtful lliat diis method 
would lend itself to widespread and le- 
poaled operations. Brucellosis, a disiNist' 
wliich under natural eoudilioas sprtNuls 
“uueoutiollahly’' among aniiruils, eould, 
Roselmry thinks, be usc^d elieaply and 
easily ouet^ llunx' w(‘re at'et'ss to tmeniy 
ti'rritory. TIk^ spreading of Iiaeilli liy 
luuul, liowtuau' inlrt‘])id and ingtmious 
llit^ sabolcMirs, is t'ltuirly mferior to 
sprisiding by air, ])royid(Hl this minlind 
is at all feasible^. 11ie aim would lie to 
clisp(*rse “clouds of bacilli” ov<*r den.sely 
populated armis. 

Despite llie unetniaiiitit's and diifienb 
lies involved, Uo.stdiury cnderlains “no 
serious doulits*’ lliat successful BW is 
“not beyond the keu of liunuin giuiiiis.” 
The necessary cultures c'un, lie bclk'ves, 
be produced in groat ((uaiUity; the dfs- 
sermnation mechunisin, wliilc perhaps 
entailing novelties of design, cannot eon- 
till no to elude our ingenuity; the syullie- 
sis of cimlemics, thong] i a new seieiu'e, 
will not defeat seienlists if th(jy ate as- 
sured of “adeipiate funds, space and a.s- 
sislaneo.*' 

I do not altogether share Ho.sebury’s 
faith in the ability of seionee and leeh- 
nology to solve each of tlie problems ho 
ha.s set forth. Ilis diseUvSsion of dofcuse,s 
against BW .seems thoroughly inade- 
f|uate, however valid his c'ouehisioiis 
may bo; “As a whole [the dcft'uscl i.s 
pitiably weak.” A more serious dcfic'ieney 
is his J allure to cou.sidor liow the ma- 
ehiuery for disseminating BW could bo 
bioughl to the target. P. M. S, Blac'kett’s 
Fear, War, and the Bomb has made at 
least* three pomts dear: first, that in a 
war between Russia and tlio U. S. each 
would face spedal difficulties in convey- 
ing bombs to the respective target areas; 
second, that guided missiles cannot yet 
be depended on to reach the mark; third, 
that fighter and other defenses appear, 
for the time being, to hold a real advan- 
tage over the larger and heavier bomb- 
ers. I fail to see why these points do not 


.ipjdy lo BW bombs oi oIIkm’ (li.spiMsmg 
inaihiiK'iy TIkmi validity, to lx* sine, i.s 
only li'inpoiaiy, but in diseussing llu; 
(haraetiM ol ImIuk' wuilaie, <\sp(‘eial1y 
mul(‘i lh{' pu\S(‘nt .siipi'rlK'ali'd ('oiidi 
lions, it would Ix' bi'ller to limit spi'ein 
latioii lo ])iohabilili(‘S and to foiiNSixaibk^ 
(events, d'oo frixpitmlly Hosidiury’s pu^ 
dielious depend ou a chain ol doubt lul 
“ils” and pieeaiioiis hypothelic-als 

The last thiid of /Vv/cr or P(\slilen('e 
i.s devolc'd to a siuc'cic' pDa lor samty 
and luoderaliou in Soviel-Americ'au al- 
hiirs. dlie gist of the* aigument is tIuU 
nu'u can have peac'c il tlu^y waul it and 
that the ultcMTiativc*, aiiotlu'r war, ewen 
il liW plays no pail, is cxMlaiu lo cdlec^t 
the iirc'trievahlc' ruin ol a huge poitiou 
ol llie glolie. Tlu‘ future* of all lib; may 
1)0 liidcHiusly twisted by the; aftt‘ielfeH‘ls 
ofeulla'i alomie' l)oml)s' oi hiologie'al war- 
faio. To be'hevc* lhal a W4ir emlailiug such 
eousec|ueue('s eould at the same lime 
]>u\servo deauoeiaey and uphold Iho 
“dignity of the* iuelividuar* is surely in- 
sane as well as monstrous. Perhaps il is 
no more deraugexl than the notion Lhal 
pre^paraliem lor war ('an safeguard pcaic'c. 
Il would be* wed! lo i('c*all the* “bitlei Ic's- 
son of lu.s'lory” us slalexl by Viseotinl 
(h't'v tif hhllexloa in lii.s memioiis: 

“Clrc'ul arnuimends leaid inewitably to 
war. , . . dhe ine*rea.se of uriuamemls that 
is inle'ude'd in tsu*h nation lo produce* 
eonsc'ioiisiie'.ss of .stre'iigtli and a .semse of 
see'iirily, clexis not produce* llx'se* (dlc'cls. 
On llie* (‘Oiitrary, it p('(xlu(*<*s a eonst*iouS‘ 
tu‘ss of the* .sli(*nglb of ollit'r luiUous and 
a s(‘ns(‘ of (ear. h’ear lx‘ge‘ts suspie'ion and 
dislrust and evil imagining of all sorts . . . 
il was lli(*s(‘ that made war 1 in 10 Id] 
inc'vilahle*.” 


M u.st Wu Hiok.^ by H. Ih Lapp. 

Addison- Wt'sle'y l^iess ($8.00). 
“No,” says l.)r. Lapp, pre;suiuably an- 
swering l)r. {No Plan' lo Hide) Ihad- 
ley. laipp, a pliysic‘isl who worked on 
the; Manhallan BrojVt'l, do(*s not forese'o 
alomk; warlare in the* ne*ar lutiirc*. He 
judges Bu.ssia unabk* to mount a heavy 
assuuU before 1000 or c*ve*u later; ho 
beliov(*s feasible defense measures, iu- 
(ducliug some moves toward dtK‘eulrali- 
zaiioi), would subslunlially nuTigale the 
clfeet of aLomic bomb uUaeks if and 
when lamiehexl against ns; he dismi.sses 
as niililarily unimporluul the damage 
.saboteurs might inflict with a low 
“smugglo<r’ bombs; lie; is eeiually skep- 
tical uixmt kmg-rauge* guided missiles 
and the vaunted power’s of llm B-86. 
l.iapp believes lluil' if war eaimot be ])re- 
vonted wc miglil succ'cod in a “limiLcd” 
oirensivc, i,e., by an “initial air blitz” 
which would cause the Rtissians to 
change their minds. Meanwhile wc 
shenxld continue our present ]X)lioics, liis 
political insight (and his stylo) are typi- 
fied in the following passage: “Since war 
is to be brought liomc lo the Russian 
people, it is clear that psychological and 





social {orcos may bo uiore import auL 
than purely inililary weapons. One re- 
calls, ioi instan(‘e, liow aina'/cd Kussian 
soldit'JS were lo disc'ovei that privates 
in the' Anioric'an Anuy woie wrist 
walclies. (k)imnunist teaehini:>;s w(‘ie 
e;iv(ni a sc^vere jolt by these niinoi inci- 
dents, Many such subtle approaches can 
be Ibllowial and more would civolve 
iroin SOI ions ibinkinp, on the sul'ijcet.” 

C iriLDiiKN Disciovkr AuiTUMF/nc:: An 
iNTUonucrrioN ro S^nuicTuaAi, 
Aura’ll Mi-rru;, 1)y (ailheune Stem. Ilaiper 
and Brothel s ($4.50) A reccait stoiy iii 
The New Yorker told of a man wlio 
did aiilhinelic by uiuniri|i, the lip ol lus 
longue oveu' llie ])oinls ol imaginary 
dominoes on the mol' ol* his mouth. Most 
adults would be salislicd il they (‘ould 
do as well, and iheie is no lack of addi- 
tional evidcaice to show that tlie leaching 
o( elemcutary aiithmetie is in need of 
lepair. In this book a highly gilted, un- 
aginalive educator with a sound training 
ill both mathematics and psychology 
presents a I’lesh approach lo the peda- 
gogy ol arithmetic, basial upon yeais ol 
acti'ial expericnu'c. With the aid of sim- 
ple, inexpcnisivi^ (upiipment and as part 
of their play activity, Di. Stmn, niriH’tor 
ol lhi‘ Caislle Sidiool m Ninv York (lily, 
t(au'lu‘s ordinary (’hilclreii, some as 
young as two and a half, ‘Yhe lirst steps 
in (iiumtitativr' thinking/’ Mliminatiiig 
the nsual ('omiling proiHalnn*, she siibsti- 
lul(\s in its ])lac(' tlu^ matc'hing of c’on- 
gnienl hhuks, tlur (It ling ol difhMenl 
blocks into slots of corresponding kaiglh, 
and so on. Only aftei tlu' child knows 
eveay eombimilion ol lire Idochs which 
adds up lo 10 are tlirr mimbcn’ names in- 
troclucHHl. ''rhis CUrstall or structural 
method is then oxlendod lo all the oixaa- 
tioiis of arilhme.lic, to tractions, decimals 
and lo numbers of every size. 

A llisTOiiY on SoiKNOH, by Sir Wil- 
liam Dumpier, dlie Macmillan 
Cknnpauy ($3.05), A fourth revised and 
enlarged edit ion of this standard work 
(‘arryhig the account' of scientific events 
through tb(3 war ycairs. For all its nuu’its, 
which arcs consiclerablc'-indoed, in scope 
and readability there is no comparable 
account-” Dam pier's .scbolaidy work is in- 
adec[ualc in its Iroatmcnt of p.sycbology, 
sociology and the other social sciences; 
a worse defect is its failure to consider 
the social function of science, llie eco- 
nomic and related nsjiecls of modern or- 
ganized research and the impact of the 
problems of conUnnporary society on the 
scientist and his work. Nonetheless, 
Dampicr's more conventional approach 
to his vast subject, along lines similar to 
those followed l)y William Whcwoll a 
century ago in his famous llistonj of the 
Inductive Sciences, has the advantage of 
being straightforward and unencum- 
bered by contentious issues, and the 
book unquestionably deserves its high 
reputation. J. R, N. 
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ETTLNG ciidos aio gracliuiied rings 
that oiuiblc the astronomer to set 
his telescope exactly on desired 


in published lists, without even looking 
at the sky. Since tli(\se cirok^s are a 
luxury, they are not n.sually fitted to tlie 
beginner’s Icle.scopc. This is good, be- 
cause it compels him to learn the .skies. 
The larger iustiuuicnts that amateurs 
usually build after a year or two are 
generally equi):)ped with setting circles, 
one attached to the polar axis to indi- 
cate celc.slial longitude, the other on 
the declination axis to show coles lull 
latitude. 

Ralph lugels Feun of Kokomo, huh, 
ha.s placed his eirc'lcs on the insider wall 
oi his oliHorvalory in.slead of on his U^lo- 
sc'ope, and lie has connocled ihoiu willi 
Ills telescope by inornis of Selsyn eku’- 
trie positiondudicating e(pu]>n\(‘nt. Tlie 
illustrations below .sliow the SiTsyn truns- 
niiliers, the concrete ])ed<‘slal of the 
talcjscope, and tlie eirek^s and nulii'alors 
on the wall. 

All this nmy .seem to ho uniu'cessary 
complication, but Fcani corrocgly state.s 
that ‘Vc have found this inucli more 
satisfactory for a small oh.sorval()ry and 
tele.scope than the standard circle.s 
mounted directly on llic re.spcclivc axes 
of tlie tolcseo])e. They arc out of the way, 
and the figures may bo made tmieli 
larger, 1001*0 legible and better ilhimiu- 




aU'd without intcrleriug with llu‘ t(dc- 
scopc. “1 hope',” Fcmn eonchides, “that 
others will enjoy u.sing Selsyns as much 
as we do.” 

Tluough their use on aircraft and else- 
wlierc as jiositiou indicators, Selsyns 
liave hccoine widely known. Fiacb trails- 
initler is connected ekiciiically to its 
rotor and indicating poinlei. The lolor 
mimic'S with high aecinaey any and all 
motions of the Iransmitler, whether Iasi 
or impel ceptihly slow, forward 01 hac'k- 
ward, logulav or irregular, so that Ihe 
two lunetion as if ineehanieally geared 
together. This is line whetlun* llu^ three- 
wire ciicnil that eonnecls them is an inch 
or miles in leugih, So surprising is this 
iniiuicry that the uovu'O usually tries lo 
fool the indicnUor by turning the Irau.s- 
mitter in ii regular ways. The party 
fooled will always bo that ol the first 
pail, however, for flic Iransniitlia aiut 
rotor pairs ai(‘ inexouibly “giuiuar* to- 
gether by ek^elrieal forces, and I law woik 
as one. 

Selsyns, mack* by llu' (kau'val f'lka^lrit* 
Gompany, avr iiKlnetion motors willi 
tlinHi-eoil, (lu(H‘-pliu.se wound rotors, 
"fluur popular tU'signalion as motor.s is 
('OiTCH'l, lull misleading, .since' they are 
stddom ('ailed on lo .spin rapidly as mosi 
familial motors do. 

“I allaelud one indiealor fo the eon- 
eri'le pi(T of my l(de.S('i)[)(',” Feim wriU's, 
‘\s'o flial its sliaft would In' preeisely 
parallel with the polar axi.s, and anotluu* 
indicator |)arallel to the det'linalion axis. 
(k)ids runniiig on these axes trausimt 
lliC angular rolaliou of the telescope to 
the S(‘lsyn trausmitters through pulleys 
of exactly e(|uul dianu't<n% urranged so 
that iraiismittc'r and iiidicsitor will turn 




m the same diu'ction. Small W('ighl.s at 
tlu‘ ends of lh(' cords kei']:> the slack 
taken up. I did not have Sjuu'e to us<i 
gear trains instead of C'ords. 

“My Si'lsyiis W(‘ve surphis-slock lail- 
road-sigiial e(|nipin(‘nt d(‘sigiied to woik 
on -Ib-voll diiec't I'urreul, hut wi'U'. 
I'asily eouvi'iliul lor tiO-volt GO-c'yele 
aiU'rnaling enni'iit by iIki m.sc'rtiou ol 
an (‘leetiolylie eoncU'usc'i, following in- 
struetions iuehuk'd with tlu'm. 

“'Flu' impulses from tlu^ liansinilti'rs 
are earrii'd by triple wiios lo the nidi- 
I'alois. Th('.s<' art' (‘({nipped with aiiu‘- 
iiK'h dials of luaivy paper, with Ihe nm 
uu'ials loi lh(‘ hour angles and (kjgiei'S 
printed on llu'm in liKlia ink and kie- 
(|U(u*ed ovin*. 'riu'y ate r(‘e<\ssed in a 
frame with eomsaikal lights (red, very 
dim) at (uth(n' sicku 

“Wlu'n \ first go out at night 1 focus 
my t(‘k'S('op(‘ on some bright star that I 
am familiar witli, eeuU'r il in the field, 
look up its righl as(H*iisiou and dcc'lina- 
lion in llu‘ slur atlas, and llu'n, afli'i* 
raising llu‘ drivi' t'ord off tlit‘ transmit ^ 
l(*r |)ulf('y, 1 luvn it inannally until tlm 
dial ri'ach'ug is i*orr(‘et. 'Ilie sanu* pro 
ei'dnrt' is (o!knvi‘d lor llu'. d('(‘linalion. 
f'Voin then on f can (orgtfi lot'al timi'. 
To find an ohfi'C'f i lux'd only point tla*- 
t('Ie,S(‘op(' to its t‘oordimi((*s fisUal in Ihe 
atlas. OiHH' lh(‘ I)asi(' time lor a known 
star IS (ak('n, all other stars uuiinlain 
tlieir r(^sp(‘e(iv(^ loeatioius for tliat night. 
Hiis is (ss.st'nliully (lu‘ piineiple of tla^ 
slip ring (hat is d(‘S<TiI)ed by Russell VV. 
Rorler in Aatainfr Trl(Usropc Making, 
page 1-15, 

“I oiiC(^ heard Mr. PorUa* say that 
hop(ul all amateurs’ lek'seopes that are 
on /h('d mountings would some day he 



Decimation axis and trammiuer 




Polar axis and Selsyn transmitter 







(M|uipi)(‘cl with Sc'lsyns, and llial 
lU'C'd (nily opt'rati' a t(‘lt'S(’(ip(' thus 
(‘(juippc'd U) appit'd.U(‘ ili{‘ (amairr 
and a('('Uia(‘y tlun’ olh'i . 1 m mu oxptMa- 
ciicc' I couliiiii tins mUlmsiastic'idK . 
Miiu‘ aru a ,u,umI iinpro\ (aiuail ovc‘r tlu‘ 
circles oil the iek'seope, as I {oiiuerly 
used llieiu.” 

D lSCJOVhdlV ()1 a star witliiu only 
SIX lii»;lil-yeurs ol llu* son lias been 
aiinoiiiKX'd 1)V Dr. Willeiu |. Ln\ Uai, di" 
icelor ol th<‘ aslionoiiiictd obseiwiloiy 
at the Uiiiveisity ol Miimesola. It lias 
l)(H‘ii nanuxl 72(>b, tlu‘ IcHler L Ix'ing 
in honor ol the diseovtaxa*, iollowinji; 4in 
c\slal)lisheil eusloin m the aslronomic'al 
world. Only two stars, Proxiina and 
Alpha (knitanri, both 1.8 ht!,ht-MMrs di.s- 
lanl, art' iKvirt'i* lh(‘ stilai system llnni 
L 726 8. d1ie newly diseoveitxl star is a 
double ol lh(‘ visual type. Both com- 
poueuls are extrt'nu'ly dim rtxl obj(x;ls, 
visible only in very large tt‘leseo])es. A 
short time ago out' ol iluau Hared up in 
an atoniie exidosion. 

A few ol the It'xtbooks of astronomy 
contain lists of the \x‘ry neart'sl stars to 
our solar system, 'riiough ilu'se have no 
sjK'cial signifit'anee, ihtw are ol some in- 
tensst as our ntaircsl lu'ighbors in ouUm 
S[)aee. An unt'orninonly lull list of these 
pu'partxl l)y tlm astronomt'r (h F. Kuiper 
a))])<'urs in William Skilling and Holn 
(Tt S. Biehardsou’s Aslranonitj. It tiaintss 
29 stars within a radius ol 1 2,7 light- 
years oi tin* sun, Kvtm this short distuuee 
relativt^ to known S})aet^ only 75 trillion 
miles, is virtually meaningless, since the 
human mind <‘anuot t'ouetnve a greater 
distance than a human being can 
traverse and then look back across. If 
we try to imagine oi conceive a grtxiter 
distanc'c limn this, such as the 8,000 
miles we may have iraveltxl from ocean 
to octain, we succeed only in a kind of 
addilivt^ or synthetic fashion, hy at- 


tempting to combine tbe sepaiate ' 
‘looks/’ Only by some kind of abstiat*- 
tmn Ol miniature ol the reality, such as 
a map or globe, can wo imagine or think 
we imagnu' evmi 3,000 miles. Largo 
<is is llie 75-tiiIlion-mil(' radius ol tlio 
iioailn splioie ol space containing 29 
(now 30) known slais, it represents ap- 
proximately one Imndied-millioiith llio 
ladius ol known space, the billion lighl- 
yeais wliieli has alieady been readied by 
die 2()0-indi telescope on pieliminary 
lii.ils. 

‘rile \'eiv iH'arby stars do not foim a 
s\sl(‘m, they are simply ibe stars llial 
ai(‘ near ns oi, moie pointedly, dial wc 
are near. Wilbin tins liny, spbeiieal bit 
ol the univeisc? iIich' an* two slais, 
Siiius and Pioeyon, wliieh aro lespc'c- 
lively 21 and 5.8 times bnghtei than the 
siin; Al])lm (lenlaiiri, whidi just e<[uals 
the sun in hnglUm'ss; ami 27 otheis 
much dimmer than the sun. Most ol 
th(\se are ’‘cool” bodies ol type M, with 
a lemperatuie of 3,000 degices C, or 
lower, 

li 726-8 is a Innary star with a joeiiod 
oi reyoliition ol 20 to 25 veais; its exact 
period cannot 1 k‘. del(n'mmed lor many 
years to come. Tht' two eompommls, one 
ol whieli is K),()()() and the oilier 60,000 
times less blight duui th(* sun, aie some- 
thing less dian 300 million miles apart. 
'rogt*lh(T they lire moving away from 
the solar systean ul 26 miles a seeoiKh 
11iirly diousand years ago they were 
v('ry much neaier than ihc'y are at the 
present time. 

Bolh eompouenls ol the double .star 
are surrouuded by huge clouds of incun- 
descc'Ut hydnigen ami calcium gas. On 
Dt'cember 7, 1 948, the fainter com- 
jnmcnl was seen to fhue up suddenly to 
1 2 times its noimal brightness, and sub- 
side within 20 minulos. Here, Dr. Ltiy- 
ien said, is a phenomenon that is thus 
far uni(iuc among the slais. *4n this very 
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obiectives of the Harry Ross "Double-Star" series, 
because our greatest market Is m "tailor-made" 
diameters and focal lengths These are the same 
lenses that originally sold for $60 00 We now 
offer them for $<15 00 They have a 3" free aper- 
ture (75 mm.), 40" focal length (1000 mm.) This 
air-spacod lens Is strain free, mounted m a 
smooth satin-bdck aluminum barrel Each lens 
carries a money-back guarantee* "You will be 
satisfied " Devise any test you please for this 
lens, it must pass Order loday and be the proud 
owner of observatory quality telescope obfectlve 
at this low price of $4S,00. 


VARfABLE 
DENSITY FILTER 

Genuine Polaroid va- 
riable density device, 
2%" diameter. Com- 
plete new stock. 

Postpaid $2.35 


PRISMS 

Water — white 

Crown glass of 

excellent qual- 

ity. Government P 

inspected and IL ^ 1 fi 

accepted. No P ^ Hj 

chips or roughs. ^ ^ 

45-90-45 degrees 
in mounts. 

Sixes: 

Vn" X (23mm) (fr 75c 

I Vo" X P/u" (w $1.50 

Back silvorod unmounted site 

4" {I02mm) x I'A" (38mm) (<ii $3.00 


INFRA-RED 
FILTERS 
Complete In 
mounts, ready 
to snap on the 
objective of any 
standard 7 x 50 or 6 x 30 binocular. Photo- 
graphic filter #88. Extremely interesting 
photographic possibilities. Many light op- 
erated electronic relay problems solved with 
this filter. 

Finest optical glass, mounted. Set $1.00 

VARIABLE DENSITY FILTER 

For Binoculars 
Complete with Eye- 
cups to fit 7 X BO I 
and 8 X 56 B & L, 
also 7 X 50 Dienst- 
glass, or adjustable 
to your glass. If you 
use binoculars on 
land, sea, mountains or air, you will 
welcome the comfort of this Variable Den- 
sity Filter in the control of light and glare to 
assure best seeing conditions. Simplicity 
itself. Synchronizecl levers control both fil- 
ters simultaneously. Can also be adapted to 
photographic work, U.S.C.G. perfect stock. 
Individually wrapped. Set complete $1,50 
SPECIAL COMBINATION PRICES:-- Variable 
density filter and Infra-red filter set. $2.00 

Include Postage — Remit with Order 
Send 50c for yp4o-rrimiite Catalog 

HARRY ROSS 

MICROSCOPES 

Scientific and Laborotory Apparatus 
70 West Broadway, New York 7 , N. Y. 
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LIFETIME GUARANTEE CERTIFICATE 
SENT WITH EVERY BINOCULAR 



ARMY— NEW 
“rxYo'’ $48.95 

IVLuie for the U S 
MUIY TJicu Had To Be 
Good' BRAND NDW 
LlKlitweifilit (‘oefcd (tv 
Ucm Itulniiludl Foiiib- 
sing (Nimpleto with 
iluahtv fleet e hnotl lealh- 
er ea^c anti straps Add 
20^ FEDERAL TAX 


MILITARY TYPE BINOCULARS 


Gvl”) $19 95 

6\2a $26 75 

S\fl() $34 75 

Zxafl $44 00 

7\1« Coated $52 50 
111x50 $55 OO 

ll)\50 Coated $65 00 
Made to rigid military 
specifications Seten to 
ilioosc from For top 
quality performante, con- 
sider tlu’se all purpose 
six. seven, eight and 
leii power hmoeiilars. 
All hare superb nptir^, h^hl weiijht metal hodies Iii- 
divulual foeussiiig Moistuio and dust proofed Tlieho 
brand now glas&es tome eoiuplete with gemune leather, 
plush lined case and straps Coated price means entire 
optic system is precision coated Superb bineoeulars 
Add 20 FOB FEDERAL TAX 



BINOCULARS (4-16 POWER) 


4x40 Conestoga New $ 7 95 

6x30 Bausch &. Lomb Now Coated USN 69 00 

6x30 Bausch & Lomb U. S Navy. Used 45.00 

7x50 U S Army N EW, Coated 78 00 

8x30 German Carl Zeiss NEW. Coated 98 00 

8x30 Monto Carlo Now 31 95 

10x35 Monte Carlo Now . . 54 50 

12x38 Monte Carlo New . , 64 50 

!Gx45 Monte Carlo New 77,50 

16x40 German Carl Zeiss, 22 Ozs Like NEW 135 00 
30x53 Telescope Now (No tax) 29 50 

I0x-20x-30x-40x Variable Telescope New. 

Coated No Tax 47.50 


Binoiiiliir rases and straps Included 
Adrf for Federal Tar, 

MONEY BACK GUARANTEE 

Uso at our risk and expense' If not fully satisfied, re- 
turn for a full refundi order today* send S2 OO 
deposit and we will ship C O.D for the balance. Cash 
orders shipped prepaid. 


UNITED PRODUCTS CO. 

7941 So. Halstod Dopt ARF-127 Chlceoo 20, III. 
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WAR SURPLUS 

ACHROMATIC TELESCOPE OBJECT|VES-«- 

Perfect Alagnesium Fluoride Coaled and cemented 
Gor’t Surplus leases made of finest Crown and 
Flint optical glass. Tho> are fulR coirected and 
have tiemenclous resolving power Guariintoed well 
suited for Ahtronomieal Telescopes, Spotting 
Scopes, etc. Original Gov’t cost approximately 
$100,00 each. 

Diameter Focal Length Each 

5flm/m (2xVO 600in/m ,$12.50 

8T(jm/m ..$28,00 

76mM (3") 3Slm/m (15'') $19.00 

81m/m (iV’) P)22m/m (24JyA^').. . . $22.50 


40 POWER 


TEiiESCCPE 

Coated Lenses 


40X-.riNE for Astronomy 

30X— SUPERB for Lonq Distances 

20X— EXCELLENT Spotting Scope 

lox— WONDERFUL for Close Study 

Precision American Hade \urlahle Power Tele- 
scope (not war surplus) FOUll TELE COPES 
in One; lOX, 26X, SOX, and 4(1X Magnesutm- 
fluortcie Hard Coated, Lenses Achromatic Oh- 
iective lens 2%" {53m/ra) dia. Length dosed 
open 27%". Genuine Leather cdv-*.,^ -- 
ering Weight 2S ozs . I?42.5U 


8 POWER FEATHERWEIGHT BINOCULARS 

Small, compact f8 s. 25 French, not aiindus) All 
around Sport glass; use for Baoes Hunting, Bird 
Studv, etc. Complete with Carrying 
and Straps $60 00 Value , . Irat./D 

♦plus $5 95 Excise tax— Totai $35.70 

27 POWER SPOTTING SCOPE LENS SET. 

Consist'? of Big 56m/ra Dia Coated Oh- 

icetive Lens, 2 Prisms, Eyepiece Lenses Instruc- 
tions All optics cemented and Per- «« a 
feet or near Perfect .Set 



$ 


$ 

$ 

♦ 


LENS CLEANING TISSUE— Here is a Wonder- 
ful Obv’t Surplus Buy of Perfect Paper -which 
was made to the highest Gov*t Standards and 
specifications, 500 sheets, -- 

size 7%" X If" $ 1.00 


Send stamp tor “Bargain" List. 


WE ^AY THE POSTAGE 

A. JAKGBRS 93-08A 9Sth Ave 
^ \ OZONE PARK 16, N. Y. 
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faint stai the atomic explosion— foi such 
it must have been— amounted to the 
equivalent ol a billion atomic bombs of 
the Hiiosliima type.” 

The discovery of L 726-8 was not 
made visually, but by comparing photo- 
giaphic plates made by Dr. Luyten m 
1930 at the Harvaid University Observa- 
tory 111 South Africa with plates that were 
taken by him at the same observatory in 
1944, and with other plates that were 
made at the University of Arizona and 
at the Umon Observatory m johannes- 
bmg, South Africa, 

Dr. Luyten was the discoverer of an- 
other dim stai only 9.9 light-years from 
the sun This beais the designation 
L 789-6. He is best known for his dis- 
covery of 70 wliite-dwail stars of the 
type having exceedingly high density 
Born in the Netherlands East Indies, he 
came to this countiy in 1921 and was 
connected with" the Harvaid College 
Obseivatory from 1923 to 1930. 

I F eveiy amateur telescope maker were 
given an optical flat perhaps one foot 
in diameter, it no doubt would quickly 
become customary to lest paraboloidal 
minors for reflecting telescopes at the 
focus, instead of at the center of curva- 
tuie. (The latter is now the usual method 
because few own the necessary flats.) 
Testing would then be simpler and, some 
assert, twice as precise. The woikcr 
would not seek to obtain the conven- 
tional minor shadows, but instead 
would alter his miiror so as to eliminate 
all shadows This test at the focus is ex- 
plained in Amateur Telescope Making, 
page 16. 

As a secondary result of the univeisal 
possession of flats, refractois might be- 
come as plentiful as reflectors, which 
may be made without a flat as an acces- 
soiy; they might become more plentiful, 
m fact, since many considei them 
superior. 

While glass flats do not grow on every 
bush, the piincipal ingredient of a liquid 
flat costing only a dollar or two does 
glow at every filling station. It is a pan 
of common lubricating oil. The same 
Robert L. WalancI of St. Andrews, Scot- 
land, who made the exquisite six-inch 
lefr actor described m this department 
last July has experimented with oil flats 
and made them perform satisfactorily. 
He has used Ins technique to make 3/2- 
and 6-incli achromatic lenses; m fact, 
he was able to work their surfaces to 
one-eighth wavelength tolerance— four 
times as close as necessary for an objec- 
tive lens. 

Waland’s first drawing shows how a 
mirror may be tested wi& an oil flat, an 
arrangement somewhat comparable with 
the one in Amateur Telescope Making, 
page 15, except that a Ronchi test grat- 
ing is used instead of a knife-edge. The 
secondary mirror shown may be alu- 
minized, or a prism used, to gain added 
and usually needed reflectivity. By using 


a slit and a SS-watt headlight bulb 
shielded fiom the testei’s eye, Walund 
obtains enough reflected light to make 
the Lest 

This test IS not i ecommended foi mii- 
rois largei than about 10 inches, be- 
cause of the sag m their necessaiy 
edge-supported, hoiizontal position. A 
poor secondary miiroi also will impair 
the test, just as it will impair the pei- 
formance of the telescope— often causing 
the eyepiece oi piimary minor to be 
wiongly blamed 

The second Waland di awing shows 
the oil flat as used m the autocolhmation 



Oil flat for miiror testing 


test of an objective lens. The lens lies 
m its cell, which rests on a circular 
wooden frame (shown also in eleva- 
tion) with three equidistant leveling 
sciews. 

Now some precautions Waland gives 
on the basis of his experience. 

1. The oil, a medium “lube,” should 
be placed m a container at least two 
inches greater in diameter than the lens 
or mirror, to avoid capillary effects at 
the edge 

2. The container should rest on a rigid 
foundation, not on a wooden floor. 

3. The oil should be clean and free 
from sm-face dust. If dust disturbs the 
surface a strip of metal should be trailed 
over it to draw the particles to one side. 
If a few particles persist, no harm will 
result, since the worker can easily rec- 
ognize and Ignore them. However, 





Wtiland explains, '1 have not used the 
knile-edge test with oil; I use the Ronchi 
test. With the grating very near the 
focal plane, so that about two lines 
travel se the suiface, it is veiy easy to 
differentiate between optical eirors and 
local distill bailees of the surface due to 
dust and so on. But I should imagine 
that the oil surface would have to be 
particularly clean for the knife-edge test; 
otheiwise it would be confusing.” 

4. Calm days aie best, wind outdoors 
distuibs the oil surface. Slamming doors, 
footsteps, heavy tiaffic in the neighbor- 
hood 01 othei human disluibances may 





limit use of the oil flat to the late hours 
of the night. 

5. Even on calm days a draft excluder 
should be placed round the container, 
as shown in the drawings. This should 
reach three or four inches above the oil, 
to reduce convection currents in the air 
which so easily cause disturbances of the 
surface. 

6. To avoid temperature differences 
ydien such exist, the test apparatus 
should be left for an hour before being 
used. 

These are not difficult precautions, 
yet it is safe to say that a few will omit 
some of them and report that the oil 
flat is worthless. 

“Use mercury instead of oil?” In reply 
to this question, Waland wrote, “Don’t!” 
He tried it. Though he was able to watch 
the Irish boat train 15 miles away, he 


says, “The mercury legisters every 
tremor.” The same eflect with a water 
flat was described by Portei in Amateur 
Telescope Making, page 60. Neither 
water nor mercuiy has much viscosity. 

A hint foi an experiment comes from 
Walter G. Thompson of Minneapolis, 
Minn. “Five per cent of sodium carboxyl- 
methyhcellulose, obtainable from E, I. 
du Pont de Nemouis, Inc., when added 
to water, will damp its surface waves 
by increasing the viscosity several thou- 
sand times. Pioper technique is to stir 
the powdei and water together and 
let the mixture set overnight. On stand- 
ing, the air bubbles m the mixture will 
rise and buist. Warm or hot watei in- 
creases the rate of solution.” 

D espite the pievalence of aluminiz- 
ing for telescope mirrors, silvering 
IS by no means extinct and probably 
never will be, “It is often a problem,” 
PI. Lynn Bloxom of Fort Dodge, Iowa, 
states, “to diy freshly silvered miriois 
without leaving some trace of the dis- 
solved mattei contained m the fluid last 
used for iinsing. These impuiities often 
fasten themselves to the mirror with 
great tenacity. When the last watei nnse 
is followed with giain alcohol, as is often 
done, the results in nearly all cases ap- 
proach perfection. But generous use of 
grain alcohol is a privilege not enjoyed 
by all. The drying can be done quickly 
by flowing ovci the mirror a verv dilute 
solution of soap m distilled watei. When 
this solution is rinsed off with pure water, 
the watei rolls off as from a duck’s back. 
But no hard water should be used to 
imse off the soap, since this would leave 
a gieasy piecipitate.” 

Micrometric conti*ol of silvering is ob- 
tained by Clifford E. Lloyd of Thomp- 
son Ridge, N. Y., by the following simple 
method. 

Instead of mixing the silveiing solu- 
tion and the reducing solution, the two 
are put in separate dishes and the miiTor 
is dipped first in one, then in the other, 
and so on By this method silvering takes 
about 10 minutes, but can be closely 
watched. A larger proportion of the sil- 
ver goes on the mirror and Lloyd finds 
the coating thicker than any he has ob- 
tained by the regular method. 

Continuing on another subject, Lloyd 
says: “I made a muTor-grinding tool of 
Wood’s metal, which has a melting point 
of about 147 degrees Falirenheit. Thus 
a tool of this metal may be made by 
pouring it on a piece of glass of the de- 
sired emwature. However, the glass 
should first be warmed. A paper tape 
suffices to hold the metal on the glass 
until it has solidified.” 

Wood’s metal consists of 50 parts 
bismuth, 12.5 parts cadmium, 25 parts 
lead, and 12.5 parts tin. The J. T. Baker 
Chemical Company, Phillipsburg, N. J., 
and the Belmont Smelting and Refining 
Works, Brooklyn, N. Y., are its largest 
manufacturers. 



For the first time an instrument capable of 
serious astronomical research is available 
for less than $200 00' The Saturn 3 Inch 
Portable Refractors are precision made by 
the West's largest makers of observatory 
instruments, objective lenses are highest 
grade precision ground, achromatic f-15 
crown and flint glass, all moving parts are 
precision machined 

Although the Saturn 3 Inch Refractor has 
a 45 inch focal length, the instrument is 
easily portable, weighing less than thirty 
pounds, including tripod 

Saturn 4 Inch Portable Refractors from 
$345 00, larger instruments manufactured 
to order. 


VJrite for liferafure giving full mformotiort 
on tho Saturn Refractors 



2528 Grove Street 
Berkeley, California 



WAR SURPLUS BARGAINS 

ASSEMBLE YOUR OWN BINOCULARS 
Save More Than Vi Regular Cost 

Govrs 7- X 50 
BINOCULARS 

Complete Optics, com- 
plete Metal Parts Now 
and ready foi assembly. 

Wo supply full instruc- 
tions 

METAL PARTS—Sot in- 
cludes all Metal Paits — 
completely fimstiod for 
assembly of 7 x .“>0 Bln- 
(.iculaii, No machining- 
reiiuired A stuidy Bin- 
ocular Carrying Case iS 
optional With each set 
of Metal Parts 
Stock #84a-S-~S39 40 
Postpaid, Plus $4 80 
for Case— Total 544 20 
OPTICS— Set Includes all 
Lenses, and Pi isms you 
need toi .issoinbllng 7 x 50 Binoculars. These .ire in excel- 
lent cnndlUtm— perfect oi near-pei feet— and have new loW 
reflection coatlntT 

Stock #S102-S— 7 X 50 Optics $25.00 Postoaid 

• These jue standfud \moi ican-made parts , . not .Tap- 

anese, French <>i* Oeinian \ 

NOTICE! If you buy both Binocular Optics and Binocular 
Metal Parts, add 20^70 Focleial E\cise Tax to above prices. 

Also Govt 6 X 30 Binoculars. Write for Catalog “S”. 
MOUNTED ANASTIGMAT LENSES 

Use for Projectors, Enlargeia, CopymEr Cameras Com- 
plete With Shuttoi and Diaphragm '\''ajue about S20. An 
excellent buy. \VE WILL INCLUDE FREE ILLUSTRATED 
BOOKLET on HOW TO MAICE YOUR OWN ENLARGER 
Stock #8004-S Speed f/7 7, focal lengrtli approx 127 
rams SuiLible for pictures, negatives, positi\03 up to 
dVj" X 414'^ . . , 57.50 Postpaid 

Stock 4t8006-S Speed of f/7 7, focal length approx. 
100 mms Suitable for pictures, etc., up to aiA" 

3J/4" $8.50 Postpaid 

Stock #80O7-S Speed of f/6 3, focal length approx. 100 
rams. . , . . .59.50 Postpaid 

SLIDE PROJECTOR SETS— Consi'sts of all unmounted 1011*568 
you need to make the following size projeotois 
Stock #4038-5— 2 Vi" X ... , ... 53.35 Po^paid 

Stock #4039 -S— SVj" X Sl/e"' .... $3.35 Postpaid 

Stock #4029-5— 05 mm . . 52 85 Postpaid 

MOUNTED PROJECTING LENS SYSTEM 

FL 91.44rani. Oust right for 35rnm, Projectors), Speed 
of P. 1.9 Outside dla of mount at one end 60mra 
Length of mount 0 imra 

Stock #4033-5 .. . ..... $3.00 Postpaid 

THREADED OUTSIDE MOUNT FOR FOCUSING 
ABOVE SYSTEM 

Stock 41:71,5-8 Postpaid 

We have Literally Millions of WAR SURPLUS LENSES 
and prisms for sale at bargain PRICES 
Write for Catalog "S"— SENT FREEl 

EDMUND SALVAGE CO. 

P. O. AUDUBON. NEW JERSEY 
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T his is yuuj opportunity to contiibute to the Cential Refeiencc Libiaiy Sei vices 
and collections of The New Yoik Public Libiary Of special inteiest to leadeis 
of Scientific American is the Science and Technology Division oi The New 
Yoik Public Libuiry, which contains one of the world’s gieatest collections of scientif- 
ic and technical hteiature. Theie are about 300,000 volumes in the Division, and, in 
addition, readers have easy access to the facilities and book stock of the entiie 
Refeience Department with a book stock totaling more than 3,000,000 volumes The 
Division offeis the science leadei material varying fiom a hist edition of Euclid to 
files of patent and tiade maik publications fiom 35 countries The Division offers 
texts and periodicals on mathematics, astronomy, physics, chemistiy, meteorology, 
geology, radio, mining, engineeting, aeionautics, eiectiicity, metallurgy, textiles, 
paper, and shipbuilding. The staff is named to woik both with laymen who have 
little scientific tiaining and with technically tiained leseaich wmtkeis. 


Evei since the New Yoik Public Lihiary fiist opened irs doots, these seivices and 
collections have been supported only by bequests, endowments, and piivate con- 
tributions. Now yom help is urgently needed to maintain this lefeience seivice of 
one of the world’s gieat institutions, an Ameiican institution, an institution which 
makes available to us all of oui recorded heritage. 


} NEW YORK PUBLIC LIBRARY, SA 

j Fifth Avenue and 42nd Streef 
1 Nev/Yorkl8, N. Y. 

j Please enroll me as a Friend of The New Yoik Public 

1 Library, You may add my contribution of $ 

I to the gifts of other fi lends who are joining this year in 
I support of The New Yoik Public Library 

I 

I NAME_ 

' (Plijase i»riut full nnme; 

I ADDRESS,-,^ 

I (KlniiV nwnte checks payable to Xhb New Yoek Public Libbaby) 
1 , ' {.Contributions axe tax ieclyctlblel 




JOIN THIS 
GROUP OF FRIENDS 
TODAY 

and contribute only 
ieven cents a day co this 
great necessity. Enclose 
your check for the year 
($25) With the coupon 
and ^ mail it at once, 
(More or less will be 
gratefully received,) 
And donft forget to de- 
duct ft from your tncome 
tax. 
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I PLE Slime Molds K. B. Rapei in 
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THE PREVENTION OF MURDER 

The Show of Violence. Fiedi'ic 
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Give and keep giving to help science defeat the disease 
that strikes, on the average, one out of every two 
homes in America. Say to yourself . . . here is life-giving 
money io help those stricken by Cancer to live again. 

EVERY NICKLE AND DIME I give helps support an 
educational program teaching new thousands how to 
recognize Cancer and what to do about if. 

EVERY QUARTER I give helps set up and equip new 
research laboratories where scientists are dedicating 
their lives to find the cause — and cure of Cancer. 

EVERY DOLLAR I send helps buy new equipment, helps 
establish new facilities for treating and curing 
Cancer, both still pitifully scarce in this country . . . 
Guard those you love! Give to conquer Cancer! 
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RCA scientists find way to combat noises 
m looms where normal sound contiol 
methods are impiactical 


These ^Go/^es o/^ S//ei7ce'^ smo-i'JhcM' sounds f 


You think of RCA Laboratories — 
in part— as a place where scientists 
work with sound, for radio, tele- 
vision, phonographs. This is true, 
but they are also deeply concerned 
with silence. 

One example is a recent RCA de- 
velopment, a way of killing clatter in 
places where conventional sound- 
conditioning— with walls or ceilings 
of absorbent materials— would get in 
your way, Overhead pipes, ducts or 


other fixtures might prevent the in- 
stallation of a sound-absorbent 
ceiling — and you wouldht want to 
blanket a skylight. 

RCA's invention solves tlie problem 
in this way: Cones of sound-absorbent 
substances are clamped together base- 
to-base , , . then hung in rows where not 
in the way. Light, inexpensive, easy to 
install, these ‘'Cones of Silence” convert 
sound waves into heat energy, and will 
absorb from 60% to 75% of the clatter 
in a noisy room. 


How you benefit: 

Development of this functional sound 
absoiber indicates the type of pro- 
gressive research conducted at RCA 
Laboratories. Such leadership in sci- 
ence and engineering adds value be- 
yond price to any product or service 
of RCA and RCA Victor. 

The newest deoelopments in radio, tele- 
vision, and electronics can he seen in action 
at RCA Exhibition Hall, 36 West 49th St,, 
N Y. Admission is free. Radio Coiporation 
of America, Radio City, ZV. Y. 20. 
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HOW DID 

FAMOUS WRITERS 
MAKE THEIR START? 

This is the answer . . , 

M ost famous writers learned to write by 
writing in spare time, continually, in the 
face of discouragement And many of them made 
their start with the help of some sympathetic 
editor or writer who criticised what they had 
done, showed them how to improve it 

Now, you can learn writing in the same 
way — by working at home, m spare time, undei 
rhe sympathetic direction of a successful wntei 
or editor. 

THE BEST WAY TO BEGIN 

The Magazine Institute, a private school com- 
pletely staffed and operated by experienced writers 
and editors, ofFers you an up-to-tlie-minute prac- 
tical course in writing You are given regular writ- 
ing tasks, suited to your aims and ability, which 
are designed to get you started and keep you 
writing All your work is letutned with detailed, 
friendly comment. You ask all the questions you 
like. You proceed as rapidly or as slowly as you 
desire You concentrate on fiction, non-fiction or 
journalism — whatever you are best fitted to do 
Before long, you are preparing stones, articles, 
shoit sketches for publication in a professional 
manner, 

WE SELL YOUR MANUSCRIPTS 

When your work is leady to be offered to maga- 
zines or publishing houses, one of the expeiienced 
writers on our staff submits it with a personal 
recommendation to the market whete it seems 
most likely to sell. Our constant contacts with 
the book and magazine woild enable us to pass 
along to you valuable tips and to provide up-to- 
the-mmute market information. 

SEND FOR FREE BOOKLET TODAY 

Write Tor the FREE cata- 
log -describing the Magazine 
Institute plan and providing 
other information of value to 
beginning writers Inquirers 
also receive the BEST JOB 
IN THE WORLD, which 
lists, unsolicited testimonials 
from successful Magazine In- 
stitute students. Fill out the 
coupon below and mail it 
NOW. 

THE MAGAZINE INSTITUTE INC. 

Dept. 567-A, 50 Rockefeller Plaza 
Rockefeller Cenfer, New York 20, N. Y. 


THE MAGAZINE INSTITUTE, Inc., Dept, 567-A 
50 Rockefeller Plaza, Rockefeller Center 
New York 20, N. Y. 

Please send, without obligation, your current cata- 
log tOJ 

Name . . ... . .... 

Street Address . . , . . .. 

City Zone, Slate . , .. 


(Inquiri^ Conhclential * No Salesman Will Call) 
Q Check here If eligible under G- I- Bill. 






Sirs 

I was tremendously pleased to lead 
Dr. Brock Chisholm’s article on social 
medicine in the April 1949 issue ot the 
new Scientific American While recog- 
nizing that Dr. Chisholm covered a broad 
expanse of mf oi mation in a very limited 
space, I must nevertheless comment on 
some omissions and assumptions in his 
aiticle which if dealt with in greater 
detail miglil vitiate some of the most 
hopeful conclusions of his discouise. 

The accident death rate m the United 
States is a suggestive case in point. Pre- 
vention of accidental deaths is certainly 
a woithy subgoal of social medicine 
Engiiieeiing, education and enioi cement 
of .safety measures yield sti iking i educ- 
tions in accident death rales wheievei 
they are conscientiously employed. Yet 
the over-all death rate has remained at 
substantially the same figure since 1913 
(about 70 per 100,000 population). 
When traffic accidents went down, as 
during the war years, industiial acci- 
dents went up. I do not pietcnd to know 
why. I simply cite this case as one in 
which the best-intentioned practices of 
social medicine yielded no statistically 
measurable results 

I must fuither question whether social 
medicine is an active oi a passive agency. 
Dr Chisholm has by inference ci edited 
social medicine with the decline in tuber- 
culosis rates in the United States during 
World War 11. If we accept the idea that 
“tubeiculosis is a social pioblem with a 
medical aspect/' we must furthci con- 
cede that the high wartime wages paid 
to unskilled and semiskilled laboieis 
(often m minority groups, such as Mexi- 
cans and Negioes) undoubtedly did 
moie to laise their standard of living— 
and hence to decrease their tuberculosis 
death rates— than the active effoits of 
social medicine in terms of mass case- 
finding and die like. War itself was veiy 
possibly the active agent in tins case and 
social medicine merely the counter of the 
tallies. This unexpected beneficial effect 
of war makes for difficulty in pronounc- 
ing solid social evaluations . 

I cannot accept Dr. Chisholm's as- 
sumption that "humanity now has the 
technical Tcnow-how' to produce all the 
food the people of the world could con- 
sume” or that "we possess the technical 
means for making all the goods that the 
world’s people need for decent living/' 
I must regretfully take a stand with Dr. 


VETERANS: 

THIS COURSE 
APPROVED FOR 
VETERANS' 
TRAINING 



Chisholm’s statement beyond, namely, 
"Poveity remains the ovei whelming 
cruse of mankind.” 

One cannot woik toward the goals ot 
social medicine unless he faces honestly 
up to the unresolved Malthusian dilem- 
ma. One need only mention the casu- 
alties of World Wars I and II— nearly 22 
million lives lost, the world-wide ravage 
oi the infiuenza epidemic of 1917-1918, 
which cost anotlier 21 million lives, and 
the Russian famines of the 192().s, as well 
as the recuiring famines in China and 
India, which piodiiced untold numbeis 
of deaths. Theie is nothing in this dread- 
ful experience— or the piospect of more 
like it— to persuade one that the scien- 
tific and humanitaiian goals of social 
medicine, as expressed by Dr Chisholm, 
are likely to be achieved. 

It IS pleasant to say, as Dr. Chisholm 
has said, “Scientific* progiess brings new 
efficiency to medicine, and social progress 
demands that these benefits should be 
made available to the whole population” 
and further, “We should be able to create 
a social organization that could permit 
the peoples of the woild to live together 
clfcctivcly and peacefully.” Before ac- 
cepting this dclighllul concept ol social 
medicine as an instrument of social 
progress which leads straight up like a 
staircase to a Kingdom ol Tleaven on 
earth, I tlnnk we must pause to ask 
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wliethei we aic walking on air oi on 
facts 

I do not question Dr. Chisholm’s 
ideals, but 1 cannot altogethei sliaie his 
hopes loi social medicine as a tool ot 
social piogiess 

JUSTUS J. SCHIFFERES 

Health Education Council 
New Yoik, N Y. 


Siis. 

In yom LSS'iie of April 1949, I find a 
lettei from Mi. Koert D. Burnham m 
which the wuter criticizes as unfaii the 
review in youi Febiuary issue ol Lincoln 
Barnett’s The Universe and Dr Einstein 
The criticism is based on the claim that 
in steering leadeis away horn the book, 
the review is doing a definite disseivice 
to the cause of public undei standing of 
scientific endeavor m this age of great 
specialization and compaitmentalization 
of knowledge. 

I wish to endoise in principle Mi. 
Burnham’s emphasis upon the value of 
a bridge between the sciences and the 
thinking ot the intelligent layman, and 
should not be smpiLsed it it was Di. 
Einstein’s sympalliy for this aim tliat led 
him to cndoisc the book, as beds wont 
to do with causes in which he secs some 
good It seems to me, liowever, that it 
IS precisely in the treatment ot the philo- 
sophical and humanistic import of the 
lelativity theoiy that Mr, Barnett was at 
his weakest and, m fact, so weak that I 
regal d his book as singularly unsuilalilc 
foi the pill poses which Mr. Burnham lias 
in mind While it is entiiely tiue that 
Mr. Barnett displayed considerable peda- 
gogical skill in piesentmg the methods 
and results of lelevant expenmental 
work, he is obviously incompetent and 
iiTesponsible when he presents his par- 
ticular philosophical inlerpietation as if 
it were integral to the theoretical fiamc- 
work of the lelativity theoiy. It would 
seem as if that part of his book is a very 
poor and confused restatement of some 
of Eddington’s and Jeans’ philosophical 
views. In ordei to illustuite what I have 
m mind, I meiely wish to mention that 
Einstein’s lelativization of space and 
time determinations concerns the be- 
havior ot measuring rods and natm'al 
clocks and not, as Mr. Bainett would 
have it, the events in the mind of the 
observer, who is located in the refeience 
frame witli which these rods and clocks 
aie associated. Einstein’s emphasis on 
the role of the observer m the determina- 
tion of physical quantities cannot be 
consh’ued as an assertion about mental 
events any more than Newton’s physics 
can be so construed, 

ADOLF GRUNBAUM 

Yale University 
New Haven, Conn. 



Meet the 


ATTACHED ILLUMINATOR 
fills field at various powers with- 
out refocusing condenser and 
permits inclination of micro- 
scope without disturbing illu- 
mination. 


IMPROVED SUBSTAGE 
ALIGNMENT 

positive locking device assures 
accurate optical alignment. 


NEW,N A .25, lOX 
DIVISIBLE OBJECTIVE 
with cut-away boot— permits 
better oblique top lighting. 


NEW FINE ADJUSTMENT 
ball-bearing, micrometer screw 
type— accurate 2 micron grad- 
uations — comfortable lowered 
position. 


“PINCH GRIP” SLIDE 
HOLDER 

provides for inserting slides 
easily without disturbing stage 
settings. 

ADJUSTABLE TENSION 
substage and coarse adjustment 
controls may be adjusted to 
suit individual preference. 

INTERCHANGEABLE BODIES 


EASY TO CARRY 


lighter weight— twice as rigid 
as previous models 


DUST SHEDDING DUAL- 
CONE NOSEPIECE 
with new positive ball-and- 
groove stop. 


NEW INCLINATION JOINT 
Long wearing— bearings auto- 
matically compensate for wear. 



FT features, extra user convenience, and excellent 
optical performance distinguish every model in this 
complete new line of laboratory microscopes. See them 
at your AO Spencer Distributor and ask for literature. 


American Optical Company 

Scientific Instrument Division 
Buffalo 15> New York 
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J ULY 1899. ‘"The serious nature of 
air resistance laises the question as 
to whether the foim of all vehicles 
that move at high speed should not be 
modified so as to piesent tlie least pos- 
sible resistance to the wind. This is par- 
ticularly true of locomotives and cars, 
and it is conceivable that some light 
form of sheathing extending from the 
cars nearly to the rails, and from car to 
car, might materially aid in reducing the 
air resistance.” 

“The first trans-continental automobile 
trip will be begun on July 1, Mr. and 
Mrs. John D. Davis will start from The 
Netv York Herald building for the long- 
est automobile run on recoi d. Besides the 
length of the trip, it will be a remark- 
able test of Ameiican self-piopelled 
\^ehioles over the worst ol Ameiican 
roads. In Europe the longest run that 
has been made was 621 miles over the 
most perfect of roads. The trip fiom the 
Atlantic to the Pacific will cover about 
3,700 miles. Jvir. Davis expects to reach 
San Francisco eaily m August.” ' 

“A grand achievement has been ef- 
fected by Prof. Dewar and bis able 
assistant, Mr. Robert Lennox. These in- 
vestigators, by the undoubted liquefac- 
tion of hydrogen, have put the finishing 
stroke on the line of lesearch initiated 
by Faraday when he first reduced the 
gas chlorine to a liquid. The new agent 
of scientific research, liquid hydrogen, 
congeals the air surrounding the contain- 
ing tube into a snow-like solid, and a 
piece of cork sinks to the bottom when 
put in the liquid, the temperature at 
the boiling point is 21 degrees absolute, 
or —252 degiees, a temperature lepre- 
senting a pressure which is immeasur- 
able. The liquefaction of hydrogen is a 
triumph of theory as well as practice, 
for in face of all tlie enormous difficulties 
which have been encountered, tlieorists 
have never deviated one jot from the 
conviction, which sound reasoning long 
ago showed, that there is no such thing 
as a permanent gas.” 

“One of the American delegates to the 
recent Tuberculosis Congress at Berlin, 
who has returned, is preparing a report 
for the Navy Department on the work of 
the Congress. The chM question which 
now interests the profession is due prepa- 
ration of ah epEective> serum to combat 
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the disease. The most piomismg woik is 
that of Dr. Belli mg, one of the most cele- 
brated of the European specialists. He is 
pushing on his expeiiments as rapidly 
as is consistent with careful scientific 
work. The development of consumption 
sanitariums in Europe has also atli acted 
much interest m this countiy.” 

“M. Moissan, of the University of 
Paris, who has been successful in the ex- 
traction of the rare metals in the elec- 
trolytic fuinace, has recently undertaken 
a series of experiments with the metal 
calcium, which, although abundantly 
distributed in natme in the state of car- 
bonate, sulphate, etc., lias not up to the 
present time been prepared in any con- 
siderable quantity in the pure state. It 
will be remembered that at the com- 
mencement of the century Sir Humphry 
Davy was the first to establish the ex- 
istence in lime of a metallic body, and 
liy decomposing it by an electiic cunent 
in the pieseiice of mercuiy he oblainod 
an amalgam of the metal calcium. 
M. jMoissan has been the fiist to obtain 
a relatively considei'able weight of the 
pine metal.” 

“At present the price of the motor 
cairiage langcs from $500 up well into 
the thousands. As soon as the scale of 
manufacture is sufficiently increased to 
permit the parts being made by machin- 
ery and in quantity, these prices will 
undoubtedly be very greatly i educed. 
The improvement in city conditions by 
the general adoption of the motor car 
can hardly be overestimated. Streets, 
clean, dustless and odorless, with light 
lubber-tired vehicles moving swiftly 
and noiselessly over their smooth ex- 
panse, would eliminate a greater part of 
the nervousness, distraction, and strain 
of modern metropolitan life.” 

J ULY 1849. “The 710,000 tons of 
water which each minute pour over 
the precipice of Niagara are esti- 
mated to carry away a foot of the cliff 
every year. Taking this, and adopting 
the clear geological proof that the fall 
once existed at Queen's-town, four miles 
away, we must suppose a period of 

20,000 years occupied in this recession 
of the cataract to its actual site; while 
the delta of the Mississippi, is nearly 

14,000 square miles in extent, and esti- 
mates founded on its present rate of in- 
crease, and on calculation of the amount 
of earthy matter brought down the 


YEARS AGO 


stieam, have justified Mi. Lyell in alleg- 
ing that 67,000 yeais must have elapsed 
since formation of this deposit began.” 

“The stiongest argument against the 
introduction of new machines and im- 
pioved machinery, is the impoverished 
condition of operatives m the Biitisli 
manufacturing districts. In England her 
manufactinmg machinery may be said to 
liave passed die limits of supply. It is 
well known that for 30 years, hei manu- 
facturing population increased at the 
rate of 30 per cent, while her agricul- 
tuial population inci eased at the rale ol 
only 1 per cent. The wars on the Conti- 
nent of Europe, made her a hotbed ol 
manufactuies, and when they ceased to 
.stimulate, it is no wonder that the forced 
plant suffered.” 

“The eai th quake which destroyed 
Lisbon had its cenlie of action immedi- 
ately below the city, and shook "an arc ot 

700,000 squaie miles, equal to a twelfth 
part of the circumference ol the globe.’ ” 

“The first Electiic Telegraph in Ire- 
land, has lecently been erected two 
miles long, between two lailway stations 
at Kingsbndge.” 

“One of the military innovations that 
has marked the wai in Hungary is the 
Austrian fire lockel. These rockets have 
been ably diiected not only against 
towns, but against bodies of troops. 
There have also been used, both in me 
Austrian and Hungarian armies, prob- 
ably lockets, earned by corps of foot 
bombardiers able to march with the in- 
fantry. Each man carries three of these 
small sized projectiles. Another man 
carries a rest framed of wood on which 
the rocket is placed and duected. It has 
been stated that these Congreves, em- 
ployed in a battle, ranged by the Austri- 
an bombardiers who have practised 
them for many years, have produced a 
tremendous effect, particularly upon the 
Hungarian cavalry. They are tubes of 
wrought iron brought to a point, pierced 
with holes, and fiUed with incendiary 
matter, and are so charged as to emit 
above them, at the end of their flight, 
small streams of liquid fire.” 

“A warmer friend of Inventors than 
President Taylor does not live. Amid 
the weighty matters pressing upon him, 
their interests are, in his estimation, 
neither the least nor the last to be looked 
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Your telephone receiver should 
treat each lone in the voice alike; 
that is important to you, because 
proper balance makes pleasant 
listening and easy understanding. 
Naturalness in receiver perform- 
ance is pictiued in a matter of sec- 
onds by the apparatus shown at left. 

The receiver is clamped in place 
and an oscillator feeds into it fre- 
quencies representing all talking 
tones. Then a bright spot darts 
across an oscilloscope screen leav- 


ing behind it a luminous line which 
shows instantly the receiver’s 
response at each frequency. It is 
precise; and it is many times faster 
than the old method of measuring 
receiver performance point-by- 
point and then plotting a curve. 

At Bell Laboratories, develop- 
ment of techniques to save time 
parallels the search for better 
methods. For each time an opera- 
tion is made faster, men are freed 
to turn to other phases of the Labo- 
ratories’ continuing job — making 
your telephone system better and 
easier for you to use each year. 


BELL TELEPHONE LABORATORIES 

I EXPLORING AND INVENTING. DEVISING AND PERFECTING, FOR CON- 
TINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE, 



Model 21 

The First Universal Double Beam 
Infrared Spectrophotometer 

The Perkin-Elmer Corporation is proud to announce that, 
after two years of development, its new Model 21 Recording 
Infrared Spectrophotometer is now in production. The 
knowledge and experience gained from several yeais’ suc^ 
cessful manufacturing of the Perkin-Elmer single beam 
spectrometers have produced an instrument ^^hich is well 
suited for practically all types of problems encountered 
in the spectroscopy laboratory. 

The Model 21 Infrared Spectrophotometer combines Iiigh 
accuracy and operating convenience with a wide range of 
operating conditions. It is the first commercially available 
instrument which meets the demands of both the structural 
chemist for high resolution and sensitivity and the analytical 
laboratory for speed and accuracy. Spectra are recorded 
directly in per cent transmission on large, easily read charts. 


SPECIAL FEATURES: 

Resoluf-ion — Up to the limitations imposed by the Rayleigh criterion 
and Johnson noiee. 

Speed of Scanning — Prom 5 minutes to 100 hours for the rock salt 
region. Automatic Buppression of wavelength drive speed when desired. 
Speed of Response — From a few seconds to more than a minute for 
full scale deflection. 

Chart Scoles — Uniform scales from 1 to 50 inches per micron by 
integral factors 

Chort SUe — About 32 inches by 11 inches. 

Slif Control — Variable electrically cammed programming. 

Range — From less than 2 microns to 15 microns (rock salt region) 
standard, with provision for substitution of other prisms. 

Dimensions — 40 inches long, 22 inches high, 20 inches wide- The 
amplifier and power supply are external. 


# For complete mfonmlion, write The Perkin-Elmer Corporation^ Dept, 75 , Glenbrook, Connecticut 
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THE COVER 

The painting on the covci shows part 
of a peiliision appaiatiis, m which oi- 
gans may be kept alive for study apart 
from the organism. The yellowish tis- 
sue in the flask at the top of the paint- 
ing IS a beef adrenal gland. Beef blood 
is pumped into the gland thiough 
the tube that cnteis the flask from the 
right. Dark venous blood then flows 
from the bottom of the flask into the 
glass bulb below. Here the blood is 
oxygenated by air which is pumped 
into the bulb through the absorbent 
cotton filtei m the center of the paint- 
ing. Blood is also pumped into the 
bulb from the top. This is an auxiliary 
circuit whicli increases the oxygen 
content ol all the blood m the ap- 
paratus. The left end ol the flask is 
fitted with a lubber glove thiough 
which ail experimenter pinches off a 
blood vessel. Tlie apparatus was limit 
iiy Oscai Hechter and N. T. Werthes- 
sen at the Worocstei Foundation lor 
Expciunentul Biology, which is en- 
gaged in a broad investigation of tlie 
adrenal gland. One aspect of this in- 
vestigation is reported on i^age 44 
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What GENERAL ELECTRIC People Are Saying 


T. F. PERKINSON 

Manager, Transpoi tation Engijieering 

Locomotives: The phenomenal 
groM th in the use of the diesel-elec- 
tric locomotive is a growth based 
on sound economics. Man}/ of the 
applications are such lhat these 
locomotives pay for themselves in 
a matter of three to five years out 
of savings over steam-locomotive 
operation. Net returns on the cost 
of the new motive power of 15 to 
35 per cent are not uncommon. 

There are approximately 9500 
diesel -electric units in service on 
American railroads today, and of 
the locomotives on order with the 
builders at present over 95 per cent 
are of the diesel-electric t)pe. 

American Institute of Electric Engineers, 
Toledo, Ohio, 
May 19, 1949 

★ 

II. A. WINNE 

Vice President in Charge of Engineering 
Policy, Chairman of Nucleonics Committee 

Nuclear Power: Most people, 1 
believe, when they think of atomic 
energy, visualize it as a potential 
source of vast amounts of industrial 
power — and such it ultimately may 
prove to be. 

Atomic — or nuclear — energy will 
appear in the pile or nuclear reactor 
in the form of heat. We see no way 
of converting directly to electricity 
the energy released from the fission- 
ing atom. So to use this energy in 
quantity, we must get the heat out 
of the pile. One way of doing this 
would be to pump a liquid or gas 
through the pile and then tlirougli 
a kind of steam boiler, which woidd 
then generate steam. This steam 
would then he used to drive a 
steam tui*hine-generaLor to produce 
electricity. In other words, as I 
visualize an atomic power plant, the 
atomic pile and some auxiliary 
equipment will merely replace tlie 
fuel-fired steam boiler, and from 
that point on the atomic plant will 
he ihe same as the one usiilg coal 
or oil as a fuel. 

Consequently, it seems to me 
that the first cost of an atomic 
power plant will be at least as high 
as that of a fuel-fired plant under 
normal conditions. As to operating 


cost, it is entirely possible that in 
the years to come the cost of nuclear 
fuel will be competitive with that 
of coal or oil. Today we cannot give 
any reliable estimate of its cost, for 
there are too many factors which 
we do not have the knowledge and 
experience to evaluate. 

But in areas where electric power 
is today available readily and at 
reasonable cost, we must not look 
for any revolutionary reduction in 
power cost due to the advent of 
atomic energy. On the average the 
cost of fuel accounts for only 20-25 
per cent of the total price paid by 
the consumer for fuel -genera ted 
power today, so even if we got 
nuclear fuel free we could expect 
only 20-25 per cent reduction m 
power costs. Of course this reduc- 
tion would he tremendously signifi- 
cant, but not in keeping with some 
of the more fanciful prognostica- 
tions. 

On the other hand, because 
nuclear fuel is such an extremely 
conccnlraled source of energy, there 
is the very definite possibility that 
atomic energy may bring econom- 
ical electric power 1o areas where 
the transportation costs on con- 
ventional fuel arc extremely high. 

However, I do not visualize small 
atomic power plants springing up 
in every isolated area. To be efficient 
and economical I think an atomic 
power plant will necessarily be of 
large capacity — perhaps at least a 
hundred thousand kilowatts — and 
it may require a supporting chemical 
plant to reclaim partly used fuel. 

The picture as to where atomic 
central power slations may first 
rove economical is not at all clear, 
nl I feel reasonably sure that it 
will evolve favorably as our scien- 
tists and engineers carry along their 
developments* We are not yet ready 
technically to build a 100,000-kilo- 
watt atomic power plant, and we 
won’t he for a long time. 

Chamber of Commerce, Portland, Oregon, 
March 7, 1949 


V. J. SCHAEFER 

Research Laboratory 

Weather Research: The energy 
generated in a thunderstorm is tre** 
mendoiis. One of the reasons for this 
IS the fact that such a storm is in- 
herently unstable because of the 
supercooled clouds which it con- 
tains. These often grow to vertical 
thicknesses exceeding three miles. 

Such clouds when ^^seeded” by 
certain types of nuclei which form 
ice crystals cause the sudden release 
of this stored energy. Depending on 
the way this occurs, the subsequent 
developments may produce a disas- 
trous storm or one that merely 
waters the countryside with a bene- 
ficial rain. It is because of this in- 
herent unstability in many destruc- 
tive storms that w^e may eventually 
exert some measure of control over 
them. By introducing the right type 
of seeding agent at the proper time, 
it is possible that some day we may 
direct these energies to serve and 
augment, rather than destroy and 
endanger, some of our other re- 
sources. 

General Electric Science Forunig JFGYy 
April 13, 1949 

★ 


49 Years Ago 

Future of Lighting: I person- 
ally feel, and Mr. Steinmetz en- 
dorses my view^s, that the electric 
light has a future more brilliant 
than its past. We should not like 
to assert that the carbon fila- 
ment lamp is the best lamp we 
can have. There may be a better 
type of electrode for arc lamps 
than the carbon electnxle. These 
things cannot be determined 
properly without research. 

A. G Davis, Manager 
Patent Department, 
1900 
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Telephone Voice 
Amplifiers 


High Potency 
Vitamins 


Dime Store Barrettes 



Y OU ’phone from coast to coast and 
converse as easily as though you 
were in the same room. The reason, a tiny 
electronic repeater tube that prevents 
voice fading It works only because a 
high vacuum pump has exhausted air 
from the glass tube to a degree that 
closely approaches perfect vacuum. 

. Important vitamins for food fortifica- 
tion, pharmaceuticals and doctors’ pre- 
scriptions are available at moderate cost 
because of high vacuum Distilled under 
high vacuum the extract is purer — can be 
concentrated to high potencies. 


Contrasting sharply to applications in 
the fields of electronics and bio-chemis- 
try is the use of high vacuum in deposit- 
ing metallic vapors on glass, wood, cloth, 
paper and plastics. Inexpensive but 
beautiful novelty jewelry, ornaments, 
barrettes, etc , are coated inside huge 
chambers from which air has been ex- 
hausted ... a plating process that gives 
better results, cuts costs and permits 
bargain prices to a mass market. 

These examples serve to emphasize the 
scores of diiferenr ways DPI high vacuum 
equipment is enabling new products and 


better products to be made at lower 
costs. 

Perhaps high vacuum can work for you. 
DPI can aid in research, in setting up pilot 
operations, and can advise on engineer- 
ing and building complete installations 
for profitable commercial applications of 
high vacuum. We invite inquiry. 



BlGJJ VACUUM RE S SAJRCH 
AND engineering 


DismumoN Products, Inc. 

7S1 RID&E ROAD WEST, ROCHESTER 13, N. Y, 

, OiC-Sohxble T/^amins ctnti 0iheT ConceniiQtes /or Science and Industry; 
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THE MATHEMATICS 
OF COMMUNICATION 

An important new theory is based on the statistical 
character of language. In it the concept of entropy 
is closely linked with the concept of information 


H OW do men communicate, one 
with anolber? The spoken word, 
either direct or by telephone or 
radio; the written or piinted word, tians- 
mitted by hand, by post, by telegraph, or 
in any otlier way— these are obvious and 
common forms of communication. But 
theie aie many others. A nod or a wink, 
a drumbeat in the jungle, a gesture pic- 
tured on a television scieen, the blinking 
of a signal light, a bit of music that re- 
minds one of an event in the past, puffs 
of smoke in the desert air, the move- 
ments and posturing in a ballet— all of 
these are means men use to convey ideas. 

The word communication, in fact, will 
be used here m a very broad sense to in- 
clude all of the procedures by which one 
mind can affect another. Although the 
language used will often refer specifical- 
ly to the communication of speech, prac- 
tically everything said applies equally to 
music, to pictures, to a variety of other 
methods of conveying information. 

In communication there seem to be 
problems at three levels: 1) technical, 
2) semantic, and 3) influential. 

The technical problems are concerned 
with the accuiacy of transference of in- 
formation from sender to leceiver. They 
are inherent in all forms of communica- 
tion, whether by sets of discrete symbols 
(written speecb), or by a varying signal 
(telephonic or radio tiansmission of 
voice or music), or by a varying two- 
dimensional pattern (television) . 

The semantic problems are concerned 
with the interpretation of meaning by 
the receiver, as compared with the in- 
tended meaning of the sender. Tliis is a 
very deep and involved situation, even 


by Warren Weaver 

when one deals only with the relative- 
ly simple problems ol communicating 
Ihiough speech. For example, if Air. X is 
suspected not to understand what Mi . Y 
says, then it is not possible, by having 
Mr. Y do nothing but talk further with 
Ml. X, completely to clarify this situation 
in any finite time. If Mr. Y says ‘'Do you 
now understand me?” and Mr, X says 
“Certainly I do,” this is not necessarily 
a ceitifi cation that understanding has 
been achieved. It may just be that Mr. X 
did not understand the question. If 
this sounds silly, try it again as “Czy pan 
mnie rozumie?” with the answer “Hai 
wakkate imasu.” In the restiicted field 
of speech communication, the difficulty 
may be reduced to a toleiahle size, but 
never completely eliminated, by “expla- 
nations.” They are presumably never 
more than approximations to the ideas 
being explained, but are understandable 
when phrased m language that has pre- 
viously been made reasonably clear by 
usage. For example, it does not take long 
to make the symbol for “yes” in any lan- 
guage understandable. 

The problems of influence or effective- 
ness are concerned with the success with 
which the meaning conveyed to die re- 
ceiver leads to the desired conduct on his 
part. It may seem at first glance undesir- 
ably nan'ow to imply that the purpose of 
all communication is to influence the 
conduct of the receiver. But with any 
reasonably bioad definition of conduct, 
it IS clear that communication either af- 
fects conduct or is without any discern- 
ible and provable effect at all. 

One might be inclined to think that 
the technical problems involve only the 


engineeimg details of good design of 
a communication system, while the se- 
mantic and the effectiveness problems 
contain most if not all of the philosophi- 
cal content of the general pioblem of 
communication. To see that this is not 
the case, we must now examine some im- 
portant lecent work in the mathematical 
theory of communication. 

T FIIS is by no means a wholly new 
theory. As the matherftatician John 
von Neumann has pointed out, the 19th- 
century Austrian physicist Ludwig Boltz- 
mann suggested that some concepts of 
statistical mechanics weie applicable to 
die concept of information Other scien- 
tists, notably Norheit Wiener of the 
Massachusetts Institute of Technology, 
have made profound contributions. The 
woik which will be here reported is tiiat 
of Claude Shannon of the Bell Telephone 
Laboratories, which was preceded by 
that of H. Nyquist and H, V. L. Hartley 
in the same organization. This work ap- 
plies in the first instance only to the tech- 
nical problem, but the theory has broad- 
er significance. To begin widi, meaning 
and effectiveness are inevitably restrict- 
ed by the theoretical limits of accuracy m 
symbol transmission. Even more signifi- 
cant, a theoretical analysis of the techni- 
cal problem reveals that it overlaps the 
semantic and the effectiveness problems 
more dian one might suspect. 

A communication system is symboli- 
cally represented in the drawing on pages 
12 and 13. The information source se- 
lects a desired message out of a set of 
possible messages. (As will be shown, 
this is a particularly important func- 
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tion.) The transmittei changes tins mes- 
sage into a signal which is sent over the 
communication channel to the receivei. 

The leceiver is a sort of inverse trans- 
mitter, changing tlie transmitted signal 
back into a message, and handing this 
message on to the destination When I 
talk to you, my hi am is the information 
soiuce, yours the destination, my vocal 
system is the tiunsmitter, and your eai 
with the eighth nerve is the leceivei. 

In the piocess of transmitting the sig- 
nal, it is unfortunately characteristic that 
certain things not intended by the mfoi- 
mation source are added to the signal. 
These unwanted additions may be dis- 
tortions of sound (in telephony, for ex- 
ample), or static (in radio), or distor- 
tions in the shape or shading of a pictuie 
(television), or errois m transmission 
(telegraphy or facsimile). All these 
changes in the signal may be called noise. 

The questions to be studied in a com- 
munication system have to do with the 
amount of iiiformation, the capacity of 
the communication channel, the coding 
process that may be used to change a 
message mto a signal and the effects of 
noise. 

First off, we have to be clear about 
the rather strange way in which, in this 
theory, tlie word 'Information” is used; 
for it has a special sense which, among 
other things, must not be confused at all 
with meaning. It is suipri.sing liut time 
that, from tlie present viewpoint, two 
messages, one heavily loaded with mean- 
ing and the other pure nonsense, can be 
equivalent as regards information. 

In fact, in this new theoiy the woid 
information i elates not so much to what 
you do say, as to what you could say. 
That IS, information is a measui'e of 
your freedom of choice when you select 
a message. If you are confronted with a 
very elementary situation where you 
have to choose one of two alternative 
messages, then it is aibitrainly said that 
the information associated with this situ- 
ation is unity. The concept of informa- 
tion applies not to the individual mes- 
sages, as the concept of meaning would, 
but rather to the situation as a whole, the 


unit mfoi Illation indicating that in this 
situation one has an amount of fieedom 
of choice, in selecting a message, which 
it is convenient to legaid as a standard 
or unit amount. The two messages be- 
tween which one must choose in such a 
selection can be anything one likes. One 
might be the King James version of the 
Bible, and the other might be “Yes ” 

T he remaiks thus far i elate to artifi- 
cially simple situations wheie the in- 
formation source IS fiee to choose only 
among several definite messages— like a 
man picking out one of a set of standard 
birthday-gi'eetmg telegrams. A moie 
natural and more impoitant situation is 
that m which the information source 
makes a sequence of choices from some 
set of elementary symbols, the selected 
sequence then foiming the message 
Thus a man may pick out one woid after 
another, these individually selected 
words then adding up to the message. 

Obviously piobability plays a major 
role in the generation of the message, 
and tlie choices of the successive sym- 
liols depend upon the preceding choices. 
Thus, if we are concerned with English 
speech, and il the last symbol chosen is 
“the,” then the probability that the next 
word will be an article, or a verb form 
other than a verbal, is very small. After 
the three words “in the event,” the prob- 
ability foi “tliat” as the next word is 
fairly high, and lor “elephant” as the next 
word IS very low. Similarly, the probabil- 
ity is low foi such a sequence of words 
as “Constantinople fishing nasty pink.” 
Incidentally, it is low, but not zero, for 
it is perfectly possible to think of a pas- 
sage m which one sentence closes with 
“Constantinople fishing,” and the next 
begins with “Nasty pink.” (We might 
observe in passing that the sequence un- 
der discussion has occurred in a single 
good English sentence, namely the one 
second preceding.) 

As a matter of fact. Shannon has 
shown that when letters or words chosen 
at random are set down in sequences 
dictated by probability considerations 
alone, they tend to arrange themselves m 


meaningful words and pliiases (sec iUus- 
t rat 10 a on page 15). 

Now let us leturn to the idea of infoi- 
mation. The quantity which uniquely 
meets the natural lequirements tliat one 
sets up for a measuie of mloimation 
turns out to be exactly that which is 
known m thciinodynamics as entropy, or 
the degiee of landomness, or of “shul- 
ftedness” if you will, in a situation. It is 
cxpiesscd in terms of tlie various pioba- 
bilities involved. 

To those who have studied the physi- 
cal sciences, it is most significant that an 
entiopy-like expression appears in com- 
munication theory as a mcasuie of intoi- 
mation. The concept of entropy, inlio- 
duced by the Geiman physicist Rudolf 
Clausius nearly 100 yeais ago, closely 
associated with the name of Boltzmann, 
and given deep meaning by Willard 
Gibbs of Yale in his classic work on 
statistical mechanics, has become so 
basic and pervasive a concept that Sir 
Aithur Eddington rernaiked: “The law 
that entiopy always increases— the sec- 
ond law oi theimodynamics— holds, I 
think, the supreme position among the 
laws ol Nature.” 

Thus when one meets the concept of 
entropy m communication theoiy, he has 
a right to be lathcr excited. That infor- 
mation should be measuied by entiopy 
IS, alter all, natuial when we remember 
that information is associated with the 
amount ol Ircedom of choice we have in 
conslructing messages. Thus one can say 
ol a communication source, just as he 
would also say of a theimodynamic en- 
semble; “This situation is highly organ- 
ized; it IS not characterized by a large 
degree of randomness or of choice— that 
is to say, the information, oi the entropy, 
is low.” 

We must keep in mind that in the 
mathematical theory of communication 
we are concerned not with the meaning 
of individual messages but with the 
whole statistical nature of the informa- 
tion source. Thus one is not surprised 
that the capacity of a channel of com- 
munication is to be desciibed in terms 
of the amount of information it can 



A COMMUNIO 3YSTEM tnay reduced to a varying electric current, and tire channel is a wire. In 

these ftmdame^taa In telephony the signal is speech the signal is varying sonnd pressure, and the 





transmit, or better, in teims of its ability 
to transmit what is pioducecl out ol a 
souice of a given information. 

The transmittei may take a wiitten 
message and use some code to encipher 
this message into, say, a sequence of 
numbers, these numbeis then being sent 
over the channel as the signal. Thus one 
says, in general, that the function of the 
tiansmitter is to encode, and that of 
the leceivcf to decode, the message The 
theory piovides lor veiy sophisticated 
transmittei s and leceiveis— such, for ex- 
ample, as possess “memories,” so that the 
way they encode a certain syml)ol of 
the message depends not only upon this 
one symbol but also upon pievious sym- 
bols of the message and the way they 
have been encoded. 

We are now in a position to state the 
fundamental theorem foi a noiseless 
channel transmitting discrete symbols. 
This theorem relates to a communication 
channel which has a capacity of C units 
per second, accepting signals horn an in- 
formation source ol H units per second 
The theorem slates that by devising 
proper coding proceduies for the trans- 
mitter it is possible to transmit symbols 
ovei tbe channel at an average late 
which IS nearly C/H, but which, no mat- 
ter how clever the coding, can never be 
made to exceed C/H. 

V UE WED supeificially, say in rough 
analogy to the use of Iranslormers to 
match impcdaiiices in electrical circuits, 
it seems very natiual, although certainly 
pretty neat, to have this theorem which 
says that efficient coding is that which 
matches the statistical characteristics of 
infoimation source and channel. But 
when It IS examined in detail for any 
one of the vast airay of situations to 
which this result applies, one realizes 
how deep and powerful this theory is. 

How does noise affect information? 
Information, we must steadily remem- 
lier, is a measure of one's fieedom of 
choice in selecting a message. The great- 
er this freedom of choice, the gi eater is 
tbe uncertainty that the message actually 
wsalected is some particular one. Thus 


gieatei fieedom of choice, gi eater uncei- 
tamty and greater information all go 
hand in hand. 

If noise IS intioduced, then the re- 
ceived message contains certain distor- 
tions, ceitain eirois, ceitam extraneous 
material, that would ceitainly lead to in- 
ci eased unceitainty. But if the uncer- 
tainty IS increased, the information is 
inci eased, and this sounds as though the 
noise weie beneficiah 

It is tiue that when theie is noise, the 
leceivecl signal is selected out of a more 
varied set of signals than was intended 
by the sendei. This situation beauti- 
fully illustiates the semantic ti‘ap into 
which one can fall if he does not remem- 
bei that “infoimation” is used here with 
a special meaning that measures freedom 
of choice and hence imceitainty as to 
what choice has been made Uncertainty 
that arises by viitue of fieedom of choice 
on the part of the sender is desirable un- 
ceitamty. Uncertainty that anses be- 
cause of eiiois or because of the influ- 
ence ol noise is undesirable uncertainty. 
To get the useful infoimation in the re- 
ceived signal we must subtiact the spu- 
rious portion. This is accomplished, in 
the theory, by establishing a quantity 
known as the “equivocation,” meaning 
the amount ol ambiguity mti*oduced by 
noise One then refines or extends the 
previous definition of the capacity of a 
noiseless channel, and states that the 
capacity of a noisy channel is defined to 
be equal to the maximum rate at which 
useful information (/.e., total uncertain- 
ly minus noise uncertainty) can be tians- 
mitted over the channel. 

Now, finally, we can state the great 
cential theorem of this whole communi- 
cation theory. Suppose a noisy channel 
of capacity C is accepting information 
from a source of enti'opy H, enti*opy cor- 
responding to the number of possible 
messages from the source If the channel 
capacity C is equal to or larger than H, 
then by devising appropriate coding sys- 
tems the oulpiit of the soiiice can be 
transmitted over the channel with as 
little enor as one pleases. But if the chan- 
nel capacity C is less dian H, the entropy 


of the source, then it is impossible to 
devise codes which i educe the error 
fiequency as low as one may please. 

However clever one is with the coding 
process, it will always be tine that after 
the signal is received theie lemains some 
undesuable unceitainty about what the 
message was; and this undesirable uncer- 
tainty— tins noise or equivocation— will 
always be equal to oi greater than H 
minus G. But there is always at least one 
code capable of reducing this undesir- 
able uncertainty down to a value that ex- 
ceeds H minus C by a small amount. 

This powerful theoiem gives a precise 
and almost staitlingly simple desciiption 
of the utmost dependability one can evei 
obtain fiom a communication channel 
which operates in the presence of noise 
One must think a long time, and con- 
sider many applications, befoie he fully 
realizes how poweiful and general this 
amazingly compact theorem really is 
One single application can be indicated 
here, but m oidei to do so, we must go 
back foi a moment to the idea of the 
information of a source 

Having calculated the entropy ( or the 
infoimation, or the freedom of choice) 
of a ceitain information source, one can 
compaie it to the maximum value this 
entropy could have, subject only to the 
condition that the source continue to 
employ the same symbols. The ratio of 
the actual to the maximum entropy is 
called the relative entiopy of tlie souice. 
If the relative entiopy of a ceitam souice 
is, say, eight-tenths, this means roughly 
that this souice is, in its choice of sym- 
bols to form a message, about 80 per 
cent as free as it could possibly be ^viih 
these same symbols. One minus the rela- 
tive entropy is called tlie “redundancy.” 
That IS to say^ tliis fraction of the mes- 
sage IS unnecessary in the sense diat if 
it were missing the message would still 
be essentially complete, or at least could 
be completed. 

It is most interesting to note that the 
redundancy of English is just about 50 
pei cent. In othei words, about half of 
the letters or woids we choose in writing 
or speaking are under our fiee choice. 



channel the air. Frequently things not intended hy the static of radio is one example; distortion in telephony 
information source are impressed on the signal. The is another. All these additions may_ be called noise. 
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and about half are leally conti oiled by 
the statistical structure of the language, 
although we are not ordmaiily aware of 
it. Incidentally, this is just about the 
minimum of freedom (or relative en- 
tropy) m the choice of letters that one 
must have to be able to construct satis- 
factory crossword puzzles In a lan- 
guage that had only 20 per cent of hee- 
dom, or 80 per cent redundancy, it would 
be impossible to construct ciosswoid 
puzzles m sufficient complexity and num- 
ber to make the game popular. 

Now since English is about 50 per 
cent redundant, it would be possible to 
save about one-half the tune of oidmaiy 
telegraphy by a proper encoding process, 
provided one transmitted over a noise- 
less channel. When there is noise on a 
channel, howevei, there is some real ad- 
vantage in not using a coding process 
that eliminates all of the redundancy. 
For tire remaining redundancy helps 
combat the noise. It is the high re- 
dundancy of English, for example, that 
makes it easy to correct eiiois in spelling 
that have arisen during transmission. 

T he communicalioii systems dealt 
with so far involve the use of a dis- 
crete set of symbols— say letters— only 
moderately numerous. One might well 
expect that the theory would become 
almost indefinitely more complicated 
when it seeks to deal with continuous 
messages such as those of the speaking 
voice, with its continuous variation ot 
pitch and energy As is often the ease, 
however, a very interesting mathematiCtd 
theorem comes to the lescue As a piac- 
tical matter, one is always inteiested in 
a continuous signal which is built up of 
simple harmonic constituents, not of all 
frequencies but only of those that lie 
wholly witliin a band fiom zero to, say, 
W cycles per second. Thus very satisfac- 
tory communication can be achieved 
over a telephone channel that handles 
frequencies up to about 4,000, although 
the human voice does contain higlier fie- 
quencies. With frequencies up to 10,000 
or 12,000, high-fidelity radio transmis- 
sion of symphonic music is possible. 

The theorem that helps us is one 
which states that a continuous signal, T 
seconds in duration and band-limited in 
frequency to the range from zero to W, 
can be completely specified by stating 
2TW numbeis. This is really a remark- 
able theorem. Ordinarily a continuous 
curve can be defined only approximately 
by a fimte number of points. But if the 
curve is built up out of simple harmonic 
constituents of a limited number of fre- 
quencies, as a complex sound is built up 
out of a limited number of pure tones, 
then a finite nnmbex of quantities is all 
that is necessary to define the curve com- 
pletely. 

Thanks partly to this theorem, and 
partly to the essential nature of the situ- 
ation, it turns put that the extended 


theoiy oi continuous cominumcation is 
somewhat inoie difficult and complicated 
mathematically, but not essentially dif- 
ferent from the theory for discrete sym- 
bols. Many of the statements for the 
disci ete case requiie no modification for 
the continuous case, and otheis requue 
only minor change 

The mathematical theoiy of communi- 
cation is so general that one does not 
need to say what kinds of symbols are 
being consideied— whether written let- 
ters 01 woids, or musical notes, or spoken 
woids, 01 symphonic music, or pictures. 
The lelationships it leveals apply to all 
these and to other foims of communi- 
cation. The theory is so imaginatively 
motivated that il deals with the real inner 
core of the communication problem. 

One evidence of its generality is that 
the theory contributes impoilantly to, 
and in fact is leally the basic theory 
of, cryptography, which is of comse a 
form of coding. In a similar way, the 
theory conti'ibutes to the problem of 
translation from one language to an- 
othei, although the complete stoiy here 


EDITOR’S NOTE 

The University ol Illinois Press 
will shoitly publish a memoir on 
communication theory. This will 
contain tlie original matliematical 
articles on communication by 
Claude E. Shannon ol ihc Bell 
Telephone Laboratories, together 
with an expanded and slightly 
more technical version of Dr, 
Wcavei's article. 


clearly lequires consideration of mean- 
ing, as well as of inlormation Similarly, 
the ideas developed in this work connect 
so closely with the problem ol the logical 
design of computing machines that it is 
no surpiise that Sliannon has written a 
paper on the design of a computer that 
would be capable of playing a skillful 
game of chess. And it is of lurthei pei- 
tinence to tlie piesent contention that 
his paper closes with the lemark that 
either one must say that such a com- 
puter “thinks,” or one mu.st substantially 
modify the conventional implication of 
the verb “to think ” 

The theoiy goes further. Though 
ostensibly applicable only to problems at 
the technical level, it is helpful and sug- 
gestive at the levels of semantics and 
effectiveness as well. The formal dia- 
gram of a communication system on 
pages 12 and 13 can, in all likehhood, 
be extended to include the central issues 
of meaning and effectiveness. 

Thus when one moves to those levels 
it may prove to be essential to take 
account of the statistical characteristics 
of the destination. One can miagine, as 
an addition to the diagram, another box 
labeled “Semantic Receiver” interposed 
between the engineering receiver (which 


changes signals to messages) and the 
destination. This semantic leceivei sub- 
jects the message to a second decoding, 
the demand on this one being that it 
must match the statistical semantic chai- 
acteristics of the message to the statis- 
tical semantic capacities of the totality 
of leceivers, or of that subset of le- 
ceivers which constitutes tlie audience 
one wishes to affect 

Similarly one can imagine-anotlier box 
in the diagram which, mseited between 
the infoimation souice and the transmit- 
ter, would be labeled “Semantic Noise” 
(not to be confused with “engineering 
noise”). This would icprescnt distor- 
tions of meaning introduced by the in- 
formation source, such as a speakei, 
which aie not intentional but neverthe- 
less affect the destination, or listener. 
And the pioblem of semantic decoding 
must take this semantic noise into 
account. It is also possible to think of 
a tieatmenl or adjustment of the oiiginal 
message that would make the sum of 
message meaning plus semantic noise 
equal to the desiied total message mean- 
ing at the destination. 

A nother way m winch the theoiy 
- can be helpful m impiovmg com- 
mumcatioii is suggested by the fact that 
Cl 101 and confusion ausc and fidelity de- 
creases when, m) matte] how good the 
coding, one tries to ciowd too much ovei 
a channel. A gciicial theory at all levels 
will surely have to take into account not 
f)nly the capacity of the channel but also 
(even the words arc right 1) the capacity 
of the audience. It' you overcrowd the 
capacity of the audience, it is probably 
tiue, by diiecL analogy, that you do not 
fill the audience up and then waste only 
the remainder by spilling Moie likely, 
and again by direct analogy, you force 
a general erroi and confusion. 

The concept of information developed 
in this theory at fiist seems disappoint- 
ing and bizarre-disappointing because 
it has nothing to do with meaning, and 
bizarre because it deals not with a single 
message but rathei with the statistical 
character of a whole ensemble of mes- 
sages, bizaire also because in these sta- 
tistical terms the words information and 
uncertainty find themselves partners. 

But we have seen upon further ex- 
amination of the theory that this analysis 
has so penetratingly cleared the an that 
one IS now perhaps for the first time 
ready for a real theory of meaning. An 
engineering communication theory is 
just like a very proper and discreet girl 
at the telegraph office accepting your 
telegram. She 'pays no attention to the 
meaning, whether li be sad or joyous 
or embarrassing. Bub she must be pre- 
pared to deal intelligently with all mes- 
sages that come to her desk. This idea 
that a communication system ought to 
try to deal with all possible messages, 
and that the intelligent way to try is to 
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base design on the statistical chaiactei 
oi: the source, is surely not without 
significance for communication in gen- 
erah Language must be designed, oi de- 
veloped, with a view to the totality of 
things that man may wish to say; but not 
being able to accomplish eveiy thing, it 
should do as well as possible as often as 
possible. That is to say, it too should 
deal with its task statistically. 

This study reveals facts about the 
statistical stiucture of the English lan- 
guage, as an example, which must seem 
significant to students of every phase of 
language and communication. It sug- 
gests, as a particulaily promising lead, 
the application of probability theory to 
semantic studies Especially pertinent 
is the poweiful body of probability the- 
ory dealing with what mathematicians 
call the Markoff processes, whereby past 
events influence present probabilities, 
since this theory is specifically adapted 
to handle one of the most significant but 
difficult aspects of meaning, namely the 
influence of context. One has the vague 
feeling that information and meaning 
may prove to be something like a pair 
of canonically conjugate variables in 
quantum theory, that is, that informa- 
tion and meaning may be subject to some 
joint restriction that compels the sacii- 
fice of one if you insist on having much 
of the other, 

Oi perhaps meaning may be shown to 
be analogous to one of the quantities on 
which the entropy of a thermodynamic 
ensemble depends. Here Eddington has 
^ another apt comment. 

“Suppose that we were asked to ar- 
lange the following in two categories— 
distance, mass, electric force, entropy, 
beauty, melody. 

“I think there are the sti’ongest 
grounds for placing entropy alongside 
beauty and melody, and not with the fiist 
three. Entropy is only found when the 
parts are viewed in association, and it 
is by viewing or hearing the parts in 
association that beauty and melody are 
discerned. All three are features of ar- 
rangement. It IS a pregnant thought that 
one of these three associates should be 
able to figuie as a commonplace quan- 
tity of science. The reason why this 
sti'anger can pass itself off among the 
aborigines of the physical world is that 
it IS able to speak their language, viz., 
the language of arithmetic.” 

One feels sure that Eddington would 
have been willing to include the woid 
meaning along with beauty and melody; 
and one suspects he would have been 
thrilled to see, in this theory, that en- 
tropy not only speaks the language of 
arithmetic; it also “Speaks the language 
of language. 


Warren Weaver is Director 
for the Natural Sciences in 
the Rockefeller Foundation. 


1. Zero-order approximation 
XFORIL EXKHRJFFJUJ ZLPWCFWKCYJ 
FFJEYVKCQSGXYD QPAAMKBZAACIBZLHJQD 


2. First-order approximation 
OCRO HLI RGW NMIELWIS EU LL NBNESEBYA TH EEI 
ALHENHTTPA OOBTTVA NAH BRL 


3. Second-order approximation 

B ON IE ANTSOUTINYS ARE T INCTORE ST BE S^AMY 
■ ACHIN D ILONASIVE TUCOOWE AT TEASONARE FUSO 
TIZIN ANDY TOBE SEACE CTISBE 


4. Third-order approximation 
IN NO 1ST LAT WHEY CRATICT FROURE BIRS GROCID 
PONDENOME OF DEMONSTURES OF THE REPTAGIN IS 
REGOACTIONA OF CRE 


5. First-Order Word Approximation 
REPRESENTING AND SPEEDILY IS AN GOOD APT OR 
COME CAN DIFFERENT NATURAL HERE HE THE A IN 
CAME THE TO OF TO EXPERT GRAY COME TO FUR- 
NISHES THE LINE MESSAGE HAD BE THESE, 


6* Second-Order Word Approximation 
THE HEAD AND IN FRONTAL ATTACK ON AN ENGLISH 
WRITER THAT THE CHARACTER OF THIS POINT IS 
THEREFORE ANOTHER METHOD FOR THE LETTERS 
THAT THE TIME OF WHO EVER TOLD THE PROBLEM 
FOR AN UNEXPECTED 


ARTIFICIAL LANGUAGE results when letters or words are set down sta- 
tistically. 1. Twenty-six letters and one space are chosen at random. 2. 
Letters are chosen according to their frequency in English. 3. Letters are 
chosen according to the frequency with which they follow other letters. 4. 
Letters are chosen according to frequency with which they follow two other 
letters. Remaining examples do the same with words instead of letters. 
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ALLERGIC MECHANISMS 
IN NERVOUS DISEASE 


When monkeys are injected with their own brain tissue they 
develop neurological disorders. This remarkable fact raises 


the question of whether a similar process may occur in man 


by Elvin A. Kabat 


T he PASTEUR tieatment for rabies, 
a series of inoculations of rabbits’ 
spinal cord tissue containing weak- 
ened labies viius, was fiist used on a 
large scale at the end ol the last century. 
The treatment occasionally produced a 
peculiar aftereffect. A small proportion 
of the people who were inoculated de- 
veloped a paralytic disease of the nerv- 
ous system which was sometimes fol- 
lowed by complete recoveiy but was also 
known to result in permanent disability 
01 death. The pathological changes ob- 
seived following anti-rabies ti*eatment 
weie limited to the central nervous sys- 
tem. There weie small scattered patches 
of inflammation, and the myelin sheaths 
covering the neive fibers in these areas 
disintegrated, 

The cause of the disease was difficult 
to understand. The Pasteur ti-eatment in- 
volved the use of rabbit spinal coid con- 
taining rabies virus which, althougli still 
alive, had been attenuated or reduced in 
virulence by diying for varying periods 
of time. The hypothesis that the inflam- 
mation, or encephalomyelitis, was an 
atypical effect of the virus was unsatis- 
factory, chiefly because the pathology 


differed considerably from that observed 
in rabies oi in various other virus infec- 
tions of the nervous system. It had been 
obseived that a somewhat similar dis- 
ease called acute disseminated encepha- 
lomyelitis occasionally occuired follow- 
ing smallpox vaccination and after a va- 
riety of diseases such as measles and 
scarlet fevei Furthermore, in more re- 
cent rabies vaccines the viius is not sim- 
ply attenuated but is actually killed, usu- 
ally with carbolic acid; these vaccines 
still give rise to encephalomyelitis in 
about one ot every 5,000 rabies inocula- 
tions. Since the hypothesis that labics 
virus produced encephalomyelitis was 
no longer tenable, it became necessaiy 
to look for other evidence to explain the 
occur rence of the disease. 

Some 14 years ago at the Rockefeller 
Institute for Medical Research T. M. 
Rivers and his co-workers D. H. Sprunt, 
G. P. Berry and F. F, Schwenlker de- 
cided to study the other constituent of 
rabies vaccine— rabbit central neivous 
tissue. They injected monkeys with 
emulsions of normal rabbit brain in an 
effort to determine whether this material 
was of importance in causing the patho- 


logical changes. After a large number of 
injections and over time intervals as long 
as 15 months, a number of their mon- 
keys developed a vaiiety of symptoms 
including unsteadiness of gait, rotation 
of the head, weakness of facial muscles, 
blindness and othci signs of disease of 
the central nervous system. The ceiebro- 
spinal fluid of the monkeys showed in- 
creases in piotein content and m the 
niimbei of white cells. Post-mortem ex- 
amination levealed lesions in the cen- 
tral ncivous system similar in many 
lespects to those of acute disseminated 
encephalomyelitis in man. 

Rivers and his co-workers earned out 
thorough bacteriological studies and in- 
oculated a variety of animals with the 
brain tissue of these monkeys to exclude 
the possibility that some accidentally in- 
ti oduced bacterium or virus had caused 
the disease. No evidence indicating the 
presence of such an infectious agent was 
found. These studies were confirmed 
several years later by A, Ferraro and 
G. A. Jervis at the New York State Psy- 
chiatric Institute. 

So it appeared that the injection of 
normal rabbit brain tissue alone into 



SYMPTOMS oi acute diiisemiiiated encephalomyelitis motorability, demonstrated by a monkey’s inability to 
are show bi these drawings. At left is impairment of grasp a finger. Second from left is truncal ataxia, in 
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monkeys could pioduce acute dissemi- 
nated encephalomyelitis. Tins suggested 
that the most likely cause oi the en- 
cephalomyelitis that followed vaccina- 
tion against labies was the labbit spinal 
cold tissue in the vaccine 

A hypothesis to explain how this 
might occur readily suggested itsell The 
injected foreign tissue stimulates tlie 
foimation of antibodies in the host. 
These may pass thiough the circulation, 
ooze out of the capillaiies of the cential 
nervous system and leact with neive tis- 
sues to pioduce the disease. Thus the 
mechanism would involve immunologi- 
cal or allergic lactois. In the usual foim 
of allergy, contact with a loieign sub- 
stance, , lagweed pollen, stimulates 
the formation of antibodies On subse- 
quent exposure of the individual to the 
same substance, the foreign material 
leacts with the antibodies and initiates 
a chain of chemical events leading to 
symptoms such as hay fever or asthma. 

The mechanism suggested for enceph- 
alomyelitis also has certain similaiities 
to that involved in erythroblastosis 
fetalis, or Rh disease. A woman who orig- 
inally lacks the Rh factoi m her blood 
may produce antibodies to this factor il 
it is introduced by a transl'usion with Rh- 
positive cells or dining a pregnancy. In 
that event she may liave difficulty m sub- 
sequent piegnancies. II the fetus is Rh- 
positive, the mothers anti-Rh antibodies 
may pass through the placenta into the 
baby's circulation and react with its Rh- 
positive cells, destroying them and pro- 
ducing eiythioblastosis fetalis. 

The novel feature of the hypothesis 
that postulates an allergic reaction to 
explain the encephalomyelitis after in- 
jection of materials containing brain or 
spinal cord tissue is the assumption that 
the antibodies which are formed to 
attack the injected brain tissue also react 
with the tissues of the individuars own 
central nervous system. While the hy- 


pothesis apparently accounted faiily 
satisfactouly foi encephalomyelitis fol- 
lowing anti-iabies inoculations, it did 
not explain how acute disseminated en- 
cephalomyelitis could follow measles or 
smallpox vaccination where no mti'oduc- 
tion of foieign brain tissue was involved. 
However, it stimulated the speculation 
that in these cases some substance in 
the individuaFs own cential nervous 
system might in some unknown man- 
nei induce the formation of antibodies 
to itself. If such a mechanism could be 
established experimentally, it would be 
of general biological importance in the 
understanding of the pathology of many 
human diseases. Multiple sclerosis, a 
progressive disease of the central nervous 
system for which no adequate tieatment 
is known, exhibits many similaiities to 
acute disseminated encephalomyehtis, 
indeed, many mvestigatois believe them 
to be difteient forms of the same dis- 
ease, multiple sclerosis being a more 
chronic or more slowly progressing toim. 
Othei diseases, such as iheumatic fever, 
glomerulonephiitis (inflammation of the 
blood vessels of the kidney) and the 
toxemias of pregnancy, are believed by 
many to have a similar allergic basis 
In the case of glomerulonephiitis, the 
Japanese scientist M Masugi, J. E. 
Smadel of the Rockefeller Institute and 
others obsei'ved that if ducks or rabbits 
received injections of rat kidney, they 
developed antibodies to the rat kidney. 
When serum from these immunized rab- 
bits containing the rat-kidney antibodies 
was injected into lats, it gave rise to 
typical glomerulonephritis, with maiked 
albumin excietion in the mine and m- 
creases in the nonprotem nitrogen of 
the blood. 

T he experimental production of dis- 
seminated encephalomyelitis m the 
monkey offered a means of fuither in- 
vestigating the disease mechanism. Un- 


loitunately the huge numbeis of in- 
jections and long time-intervals lequired 
to produce the disease still imposed foi- 
midable difficulties, and for the next 10 
years little further progress was made. 
During this fallow peiiod, however, a 
notable advance was made in methods 
of stimulating the production of anti- 
bodies Jules Freund and his co-workeis 
(now at the Public Health Research In- 
stitute of the City of New York) found 
that antibody formation could be in- 
creased greatly by administeiing the an- 
tigens that produced them in the foim of 
an emulsion with paiaffin oil, using a 
lanolinlike substance as an emulsifying 
agent. In certain cases, the inclusion of 
killed tubercle bacilli had an additional 
enhancing effect. The substances used- 
paraffin oil, killed tubercle bacilli and 
the lanolinlike emulsifymg agent— are 
called adjuvants. 

At the end of the war, our laboratory 
at the Columbia Umveisity College of 
Physicians and Surgeons and at the Neu- 
lological Institute of New Y'ork was 
beginning to take up the threads of re- 
search on demyelinating disease which 
had been dropped for moie pressing war 
work m 1941 . Widi Abner Wolf and Ada 
E. Bezer, the author decided to tiy the 
Fieund adjuvants with brain tissue in an 
effort to produce encephalomyelitis m 
monkeys moie readily. The first experi- 
ment was spectacularly successful. Tin ee 
of foui monkeys injected with an emul- 
sion of normal rabbit brain, Aquaphor 
(a proprietary lanolmlike emulsifying 
agent), paraffin oil and dead tubercle 
bacilli developed tlie disease after only 
three injections, all three animals were 
stricken within 40 days aftei the start of 
the experiment. A control group of ani- 
mals injected witli normal rabbit tissue 
of the lung instead of the brain, plus 
adjuvants, remained perfectly healthy. 
Further experiments showed that the 
brain tissue not only of labbits but also 



‘which a monkey is unable to maintain its balance. Third a monkey cannot bring an object to its moiith. Fifth is 

is bead tremor. Fourth is intentional ataxia, in whicli strabismus, in which eyes turn outward. Last is blindness. 
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of monkeys produced the disease, in 
other words the test monkeys were al- 
leigic to tissue of then' own species 
At about this time we learned that 
identical results had been obtained by 
Isabel Morgan at Johns Hopkins Uni- 
versity, working completely independ- 
ently and fiom a somewhat chllerent 
approach. Dr Morgan was interested in 
obtaining an enhanced antibody re- 
sponse to poliomyelitis virus m monkeys 
by the adjuvant technique. She used in- 
fected monkey spinal cord as the souice 
of the virus Her monkeys developed 
acute disseminated encephalomyelitis. 
Dr. Morgan rapidly established that the 
same results could be obtained with nor- 
mal uninfected spinal coid. 

These studies have since been con- 
firmed m many laboiatories m this coun- 
tiy and abioad. Freund, E R. Stern and 
T. M, Pisam weie able to produce an 
encephalomyelitis in guinea pigs by 
using guinea-pig oi rabbit brain emul- 
sions with adjuvants L. R. Moriison of 
the Plarvard Medical School and the 
Massachusetts Gcneial Plospital ob- 
tained a similai disease in ralibits by 
means of injections ol rabbit spinal cord. 
Pathological changes in the guinea pig 
and rabbit do not show as striking a re- 
semblance to human demyclinating dis- 
eases as do changes observed in the 
monkey. Indeed, some workeis believe 
that if the monkey disease had not pio- 
vided a link, the relationship of the lab- 
bil and guinea-pig conditions to the 
human dis_ease would not have been 
1 eadily apparent. 

T he effect of adjuvants in enhancmg 
the rate at which the disease is pro- 
duced provides fmther support for the 
hypothesis that an immunological mech- 
anism is involved. Additional evidence 
can be inferred from pathological stud- 
ies. According to the hypothesis, anti- 
bodies formed as a reaction to injected 
brain tissue pass through the circulation 
and then seep out of the capillanes. If 
tliis concept is correct, the first place 
where the antibodies come in contact 
with the individual’s central nervous tis- 
sue should be around the capillaries and 
blood vessels, and the typical small le- 
sions should always be found near these 
tissues. This corresponds piecisely with 
the actual pathological findings. 

Although tissues from one monkey 
had been used to produce encephalo- 
myehtis in other monkeys, the possibility 
could not be ignored that the central 
nervous tissues of individuals of the same 
species differed and that the disease was 
still a response to “foreign” tissue. This 
is a crucial issue, because no animal is 
likely to “contact” the brain material of 
anodier animah Unless it could be shown 
that an animal may develop an allergy 
to its own nervous tissue, the hypothesis 
could not account for the observed in- 
cidence of encephalomyelitis in instances 


ivheie no contact with loreign hi am tis- 
sue is involved. It was possible to ex- 
amine this pioblem expeiimentally 

The question was- Could an animal be 
given the disease by injections of tissue 
from its oivn brain? Under aseptic condi- 
tions, the right frontal lobe of the biain 
\vas removed surgically from each of six 
normal monkeys. When the animals le- 
covered fiom the effects of the opeiation, 
each received a senes of three injections 
of an emulsion with adjuvants piepared 
from its own biain tissue Five of the six 
animals came down with typical acute 
disseminated encephalomyelitis! 

The woikmg hypothesis that an anti- 
body IS involved is by no means com- 
pletely pioved. If such an antibody weie 
present m sufficient quantity in the 
blood, it should be possible to produce 
the disease by injecting blood serum 
from animals with encephalomyelitis 
into healtliy monkeys. To date all efforts 
to do this have failed. The failure does 
not disprove the hypothesis, however, 
since it is not unlikely that the cential 
nervous system of the diseased monkey 
lemoves antibodies from the blood al- 
most as fast as they are formed. 

Anotbei hypotliesis, advanced by 
Fieund, asserts that the allergic reaction 
in this disease is similai to tluii observed 
in the tuberculin test for tubeiculosis— a 
lorm of hypei sensitivity not associated 
with a cii dilating antiliody. In olhci in- 
stances of this type of sensitivity, Men ill 
Chase of the Rockefeller Institute has 
demonstrated that cell exudates or sus- 
pensions of tissue cells from alleigic ani- 
mals can transfer the sensitivity to 
healthy animals. Flowevei, this type of 
expeiiment—transfei of cell exudates and 
suspensions from the spleen and lymph 
tissues of diseased monkeys—failed to 
produce encephalomyelitis in monkeys. 

Another phase of our studies involves 
the question of how the postulated anti- 
bodies are produced in reaction to the 
injected biam tissue, Some suggestive 
evidence has been obtained. Freund 
observed m guinea pigs, and we sub- 
sequently found in monkeys, that an 
adjuvant inixtuie which omitted dead 
tubercle bacilli produced no encephalo- 
myelitis in a series of three injections. 
The question arose as to how the dead 
tubercle bacilli exeited then' enhancmg 
effect. It has long been known that dead 
tubercle bacilli produce a generalized 
body reaction when injected into animals 
with focal tuberculous infections, and 
that peculiar sensitivities also sometimes 
develop. Was encephalomyelitis initiated 
by this systemic effect of the tubercle 
bacillus^ If so, it should be possible to 
produce the disease by injecting the 
tubercle bacilli at a site removed from 
the Injection of the brain tissue. Accord- 
ingly each of a group of monkeys was 
injected in one arm with an emulsion of 
monkey brain, paraffin oil, and the 
emulsifying agent Aquaphor (but no 


tubercle bacilli), and m tfie other aim 
with an emulsion of tubercle bacilli, 
paraffin oil and Aquaphoi (but no 
biam). These animals failed to develop 
the disease, a finding winch suggests that 
the bacilli must be piesent at the same 
site as the biain tissue foi the enhancmg 
effect of die adjuvants to ocem. 

P erhaps the most impoitant ques- 
tion to be settled is die chemical 
natuie of die antigen, the substance le- 
sponsible for inducing encephalomyeli- 
tis. Whole biaiii tissue is composed of a 
huge nuinbei oi substances, and it is 
probable that only one of these is actu- 
ally involved. The antigen is fairly wide- 
ly distributed, as evidenced by the fact 
that encephalomyelitis can be pioduced 
in monkeys by emulsions with adjuvants 
of biain even horn such an animal as the 
chicken. Frog and fish brain, howevei, 
do not contain li. Thus fai the antigen 
has been shown to be fairly lesislant to 
heat or treatment with high-frequency 
sound waves. But it is destioyed by ex- 
traction of the brain tissue with alcohol 
or widi acetone; neither the extracts nor 
the e\ti acted residues induce the disease 
when administered with adjuvants. 

Althougii the antigen has not yet been 
obtained m pure form, there is some evi- 
dence suggesting that myelm itself may 
be involved. Emulsions with adjuvants 
of fetal ralibit In am, which contains no 
myelm, did not produce the disease. To 
establish how soon alter hath the antigen 
appeared m brain, the following experi- 
ment was earned out: Emulsions with 
adjuvants ol the cerebrum and spinal 
cords of rabbits varying m age from one 
day to three months were piepared and 
injected into monkeys It was found that 
the spinal cords of ralibits thi ee days old 
or older could pioduce encephalomyeli- 
tis, while the cerebium did not show any 
capacity to induce the disease unless ob- 
tained from rabbits 12 days of age oi 
over. This finding indicates a sinking 
parallelism lietween the appearance of 
the antigen in the l)iam tissue and the 
development of myelin, since it is well 
established that myelination of the nerve 
fibers takes place during these periods 
and that myelin appears first in the 
spinal cord and last m the cerebrum. 

But the evidence that myelm may be 
involved is only circumstantial. It does 
not constitute pi oof, and it is readily 
conceivable that another substance that 
makes its appearance simultaneously 
with myelin could be lesponsible. The 
final test will be the chemical isolation 
and characterization of the antigen in 
purified form, and it is toward this end 
that efforts are now being directed. 


EJvin A. Kabat is associate professor of 
bacteriology at the Columbia University 
College of Physicians and Surgeons and 
the Neurological Institute of New York. 
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PHOTOMICROGRAPH of nerve tissue from the same sel (center) . This demyelination is characteristic of acute 
monhey shows Breakdown of tissue around a Blood ves- disseminated v encephalomyelitis in animals and man* 
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THE HOOijfS SUKEM^^is pitted with large and smah of the relatively level “seas” which appear as dark areas 
craters. Shown here ts the regiori Imbrimh, oixe to the nalc^d eye. As noted in this article, the smaller 
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craters are deeper in proportion to 
their diameter than the large ones. 


THE CRATERS 
OF THE MOON 

The classical debate over their origin is 
gradually being resolved. The author sets 
forth his summary of the meteorite theory 

by Ralph B. Baldwin 


W HEN GALILEO Erst focused his 
“optik tube” on the moon in 1610, 
he set off a chain reaction of sci- 
entific controveisy whose lepercussions 
have continued to the present day. Tiny 
and impeifect as liis telescope was, it 
gave eaith-dwellers their first view of the 
weird, beautiful and endlessly puzzling 
foimatioiis on the moon’s surface. These 
great ndges and hollows resembled the 
well-known mountain langes and craters 
of the earth— and yet they were some- 
how diflerent. 

The peculiar feature of the moon's 
physiognomy was its huge cuplike de- 
pressions, named '‘crateis” horn the 
Greek word foi cup. The closest counter- 
parts to them on the earth appeared to 
be the crateis of volcanoes. It was logi- 
cally assumed, therefore, that the lunar 
crateis also were made by volcanoes. 
True, they were much larger than any 
volcanic pit on earth. The biggest ex- 
plosive volcanic crater is two miles in di- 
ameter, whereas the lunar crateis range 
up to 146 miles. But no odier sensible 
explanation seemed possible, and for 300 
years the volcamc theory prevailed over 
all rival proposals, including such im- 
probable ones as that the lunar craters 
are ice formations, coral rings, or the 
collapsed remains of great bubbles of 
molten matter. 

As time passed, however, many scien- 
tists came to lealize that the craters of 
the moon showed certain fundamental 
characteristics which demonstiated tliat 
they were not of exactly the same type 
as the earthly fire mountains. It was 
discovered, for one thing, tliat their 
apparent shape is a queer optical illu- 
sion. they look like deep cups, but 
actually in proportion to theii width 
they are exti'emely shallow, more like 
saucers than cups. Fui'thermore, the 
floors of these craters are sunk below 
the surface of the surrounding plains 
Such a crater presents the greatest pos- 
sible contrast to a terrestrial volcano 
Here is no volcanic neck, funneling 
molten materials from basement reser- 
voirs to the surface, where they pile up 


as a tall, graceful mountain with a rela- 
tively tiny ciatei high in the peak, It is 
a new type of object, a sti'ucture scarcely 
known on eaith. If it is volcanic in 
natuie, it must be vulcanism of a kind 
completely unknown to modern geology. 

So a flesh start had to be made, and 
it began with the measurement and more 
precise observation of the sizes and 
shapes of the lunar crateis Were they 
all cieated by the same general process 
or by various landom, local forces^ This 
cjiiestion could only be answered by 
attempting to find out whether there 
were any consistent similarities and 
mathematical lelationships in the dimen- 
sions of the craters. 

Toward tlie end of tlie 18th century 
the German astronomer J. H. Schroter 
made thousands of measurements of the 
moon’s craters. He determined their di- 
ameters, their depths, the slopes of their 
inner and outei walls and tlie height 
above the surrounding moonscape of the 
lim material piled up around the craters' 
edges. Eventually his industry was re- 
warded by the discovery of a general 
relationship, still known as Schioter’s 
Rule: *'For each crater, the part of the 
material above the surface is approxi- 
mately equal to the volume of the in- 
terior depression below the smface." 
Schrotei’s Rule has been confirmed in 
more recent times by the English astron- 
omer T L- MacDonald and the Ger- 
man H. Ebert. The great majority of the 
lunar craters rigorously obey the rule, 
and the exceptions can be explained by 
deformations that took place after the 
craters were formed, 

Schroter’s finding pointed to an en- 
tirely new explanation of the craters' 
origin. They gave every appearance of 
having been created by shallow ex- 
plosions of some kind that had blasted 
pits in the surface of the moon and piled 
up the shattered rock around the edges. 

Ebert, MacDonald, the German J. F. J. 
Schmidt and the Englishman E. Nelson 
went on to develop some other interest- 
ing facts. Ebert showed that tlie shapes 
of the craters fall into definite, con- 
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sistent patterns when their depths aie 
compared with their widths. The smaller 
pits, up to about 20 miles m diametei, 
on the average are about 10 per cent 
as deep as they are broad. The largei 
craters tend to become shallower in pro- 
portion to their diameter. Thus the depth 
of a crater 60 miles bioad is only about 
5 per cent of its diameter, and for the 
largest ciateis, 100 miles or moie wide, 
the depth is about 2.5 to 3 pei cent of 
the width 

There was another significant finding 
about the form of the crateis: the outei 
slopes of llieir rims toward the sunound- 
ing plains are veiy giadual, ranging from 
one to eight degrees in the various 
craters. These consistently low giadients 
not only add to the evidence that the 
ciaters all belong to one family but rule 
out the possibility that they might have 
been foimed by volcanic action. Material 
ejected by a volcanic eruption comes to 
rest on a lelatively steep slope. On the 
earth this ‘'angle of repose,” at which 
the material stops shding down a slope, 
is 30 to 35 degrees for fine volcanic ash 
and 40 to 45 degrees for coarser masses 
of slag and lava cinders. On the moon, 
with its relatively low surlace gravity, 
the angle of repose would be even 
slcepei. But the slope of the crater rims 
on the moon is nowhere near this order 
of magnitude. 

Now what type of natural excavation 
on the earth answers the description of 
the lunar craters? There is one, and only 
one- It is the type of cratei formed by 
the impact of a meteorite. There aie sev- 
eral hundred known meteoritic crateis 
on the earth. The largest is the great 
Arizona crater, 4,150 feet in diameter 
and oiiginally at least 700 feet deep. A 
meteoritic crater 2,800 feet in diameter 
was recently xeported in Australia, and 
others are available for study in Texas, 
Kansas, Ai’abia, Siberia. and Argentina 
and on the Baltic island of Oesel. 

It is certain tliat these pits were 
formed by the explosion of relatively 
small meteorites striking the earth at 
very high speed. The impact is so great 
that a meteorite blasts a hole of the order 
of 60,000 times its own volume in tbe 
eartli's ciust. 

In fact, the meteoritic crateis on tlie 
earth have exactly the same form as the 
larger ones on the moon in eveiy tespect 
but one. they are somewhat deeper rela- 
tive to their diameters. But this is ade- 
quately explained by tlie relationship 
noticed on the moon, namely, the smaller 
a craters diameter, the gi eater its rela- 
tive depth. 

S O the most plausible explanation of 
the craters of the moon appears to 
be that they were created by the cata- 
clysmic impacts of great meteorites. 
This theory, first suggested about 80 
years ago, is now favored by the ma- 
jority of investigators of the problem* But 


to suggest such a hypothesis is one thing, 
and to prove it is quite another Before 
any definiLe conclusions about the origin 
of the lunar ciateis can be drawn, it is 
necessary to relate what we know about 
them moie precisely to phenomena 
known on the earth 

To this end, the author has thoroughly 
combed the literature conceimng all 
forms of terrcstiial craters, pits and sinks. 
One of the most helpful sources of in- 
formation is the great amount of knowl- 
edge accumulated during the lecent war 
about ciaters blasted m the ground by 
bomlis and by mortar and artillery shells. 
When all these data ivere compared, it 
became clear that the only type of cralci 
that concsponds to the ones on the moon 
is the simple explosion pit formed by a 
single application of explosive power. 
Such a pit always has the same general 
form, whether it is produced by a bomb, 
a shell, a military mine or a meteoiite. 

First, lei us consider the simplest and 
most revealing relationship—lhe ratio ol 
depth to diameter. There aie 329 ciateis 
on the moon whose dimensions aie 
known with sufficient precision for com- 
parison. Many of them, however, over- 
lap one another and arc thcrefoic dis- 
torted. Poi this study 193 lunar crateis 
that aie free of such 'distortions weie 
selected. They range from one to 85 
miles ill diameter. Their deptli-diamctcr 
ratios were then comjiarcd with those 
of many himdieds ol explosion pits 
on the earth, The smallest weie tiny 
craters less than thiee feet across and 
less than one fool deep, made by mortar 
shells. From these the crater sizes were 
ai ranged according to increasing di- 
ameter, up through those produced by 
larger shells, blockbuster bombs and 
great industrial detonations. The largest 
man-made crater was that formed by the 
explosion of a chemical plant which 
wiped out the town of Oppaii, Bavaria, 
on September 21, 1921 Tins cxcavalion, 
400 feet in diameter and 90 feet deep, 
is only one thirteenth as large as the 
smallest measured lunar cratei. But the 
gap is bridged by nature, which oblig- 
ingly has furnished a number of meteor- 
itic crateis of vaiying sizes that overlap 
the largest man-made pits and approach 
the dimensions of the smallest we can 
see on the moon. The four meteoiitic 
crateis chosen for comparison ranged 
from a 30-foot pit in Ausbalia to the 
4,150-foot hole m Arizona The oiiginal 
dimensions are not adequately known 
for the other meteorite craters. 

When the depth-diameter ratios of all 
these craters are plotted graphically, 
using a logaritlimic scale because of the 
very wide spread in their dimensions, the 
result is striking. The chart at the top of 
page 24 shows that these ratios, from the 
smallest man-made to the largest lunar 
craters, make a beautifully smooth curve, 
which obeys EberBs rule that as the 
diameter of a lunar crater increases its 


relative depth deci eases. The bomb, 
meteoiite and moon crateis form a 
family lelationship which is too startling, 
loo positive, to be fortuitous The only 
reasonable inteipretation of the cuive is 
that the liinai ciaters, like the tenestnai, 
sprang Irom the same known cause. All 
of them form a continuous sequence of 
explosion pits, each dug by one blast. 

Theie are othei coiielations that 
further confirm the hypothesis. A cratei 
formed by the blast of a bomb, a shell 
or a meteorite invaiuibly is circulai or 
ncaily ciicular. Tins is tiue regardless of 
the angle at which the proicctile hits, al- 
mo.st to the limiting case where it 
licochets along the ground bcfoie it ex- 
plodes The blasted caith forms a low rim 
around the pit, steep on the inner face 
and dipping gradually to the plain on the 
outei side. The laigei the crater, of 
couise, the gieatei the height of its lim. 
And this description exactly fits the 
craters on the moon. Ileic again com- 
parison of the 1 elation between the 
diamotcis and nm heights of craters pro- 
duces a smooth curve loi teneslrial and 
laiiai ciaters alike, as shown m the chait 
at the boUoni ol page 24. 

Studies of the explosion pits on the 
earth yield a neat method ol checking 
Schi (Iter’s observation that the material m 
the iim.s around the luiun craters would 
jusl fill the cratoi.s if it were replaced. 
Tlic plotting ol the laLios between di- 
uinetei and depth and lictwcen diametei 
and rim height ol the various ciaters pro- 
duces two c(]ua turns that give the latios 
lor a crater ol any size. The first ol these 
equations provides a method for com- 
puting the total depth of a crater, given 
its diametei, The second makes it possi- 
ble to calculate the height of the nm. 
Subti acting the rim height from the total 
depth gives the depth of the crater be- 
low the surrounding ground level. From 
this information, plus ccitaiii other gen- 
eral data including the width ol a crater’s 
rim (which averages roughly one fourth 
of its diameter) , it is possible to calculate 
the volume ol material displaced from 
the crater. On the basis of this volume, a 
theoretical value can be calculated foi 
the height of the rim of a crater of any 
given size. To check Schroter’s Rule, 
dus theoretical height was compared 
with the actual measuied heights of 
lunar crater rims. The agreement be- 
tween the dieoretical and observed 
heights was excelleiiL 

The foregoing analysis proves only 
dial the moons craters weie formed by 
great explosions; it does not show the 
source of the energy that pioduced such 
explosions. But it can be said diat only 
one known source of energy is vast 
enough to yield the observed results— 
the energy carried by great meteorites. 
When a meteorite strikes a rocky crust 
and is stopped quickly a little below the 
surface, the kinetic energy of its motion 
is transformed into heat. The heat is so 
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LUNAR CRATER Theopliilus appears practically flat 
in comparison with terrestrial craters. Its rim, however, 


towers 15,000 feet. Profile was measured at the McMath 
Hulbert Observatory of the University of Michigan 


TERRESTRIAL meteor crater near Odessa, Tex., ha? filled with silt and sand (1) ; older silt, sand, caliche and 
profile rather similar to lunar craters. Odessa crater is pebbles (2) ; fragments of rock (3) ; and rock dust t4). 


RAMPART 'X’ 15,000 FT. 


PEAK "A" L500 FT. 


RAMPART "3" 14,000 FT. 


METEOR CRATER in Arizona, like the Odessa crater, 
ap])ears much deeper tlian the oiatcrs visible on the 


moon. Terrestrial craters arc much smaller tlian luuaiv 
but they still adhere to the diameter-depth rule. 
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DIAMETER AND DEPTH relationwslnps of orators on the oarlli and ihe 
moon follow the same curve. Logcirillmiic scale is used Jjecause of great dif- 
ference in size between craters measured on earth and visible on llic moon. 
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DIAMETER AND RIM HEIGHT relationships of terrestrial and lunar 
craters also follow the same rule. Another similarity between terrestrial 
explosion craters and lunar craters is that they are almost perfectly circular. 



gieat that it vaporizes the rocks at lliat 
spot, and these gases blast the crater. 

How big were the meteorites that 
gouged the craters in the moon? C C. 
Wylie ol the University ol Iowa calcu- 
lated that the great crater in Aiizona was 
produced by a nickehiron meteorite be- 
tween 30 and 64 feet in diameter. If the 
meteorite were spherical and, say, 50 
feet m diameter, it dug a hole about 
60,000 times its own size. H we assume 
that this ratio would hold generally, 
lunar craters of the older of 20 miles in 
diameter were piocliiccd by meteorites 
about 750 feet in diameter, and 80-mile 
crateis by meteorites of 2,700 feet. 

A nother method E to consider the 
- energy needed to blast terrestrial 
ciateis of any given size, and then ex- 
tiapolating to larger pits. By assuming 
that meteorites of nickel and iron stiuck 
the moon with a velocity of 10 miles pei 
second, we can calculate how large they 
must have been to carry the required 
amounts of energy. This method yields 
slightly larger values for the meteorite 
sizes than the first one. Even so, the 
meteorites that pi od need the gicat limai 
craters arc surprisingly small. The big- 
gest crater on the moon, 146-mile Clav- 
ins, probably was blasted by a cosmic 
fragment no more than one or two miles 
in diameter. 

"ITc face of the moon is scarred by at 
least a million craters visible from the 
Carlin and probably l^y billions of tiny 
pits that we cannot see. II they were 
made hy meteorites, why do we not find 
many on the earth? The moon has always 
been a companion of the earth, and the 
history of the one must be but a paia- 
plirase of the other's. At the beginning 
billions of meteorites must have fallen 
on the earth us well as on the moon The 
difference, however, is that on the earth 
the torces of erosion would erase mc- 
teoritic craters within a relatively short 
time. On the moistmeless, atmosphere- 
less moon there has been no erosion for 
billions of years. 

Thus th§ moon beaixs on its surface an 
imperishable record, Irozen in rock, of 
its history since its crust was lormed. In 
its early ages the moon probably e\'olved 
from a gaseous to a liquid state. It cer- 
tainly solidified under an explosive rain 
of meleorilic fragments. After it hard- 
ened its mcteoritic craters remained as 
peimanent scars. The ram of meteorites 
abated as most of them were swept up, 
and at present such collisions are few 
and far between. The moon’s face is still 
changing, but its encounters witli me- 
teorites of any significant size are so rare 
that in man’s brief history little visible 
variation has appeared. 


Ralph B. Baldwin is au- 
thor of the recent book 
The Face of the Moon. 
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CAN PROVIDE 
INSIDE INFORMATION 


This IS the example illustrated— a casting of cobalt- 
chromium-molybdenuin alloy. It consists of a 1/16-iiich 
vane extending from a ^-incli block 


With million-volt x-rays on Kodak 
Industrial X-ray Film, Type M, the 
base of this dense casting shows 
fine structures that add up to a 
gross defect. The high contrast and 
low graiuiness of this film show 
clearly the size and character of the 
defect. 
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At 250 kv^ another radiograph on 
Kodak Industrial X-ray Film, 
Type M, reveals a threadlike struc- 
ture extending from a cavity near 
the end of the vane. Here, too, high 
contrast and low graininess are essen- 
tial, and yet the film has adequate 
speed for reasonably short exposure. 




RADIOGRAPHY IN MODERN INDUSTRY 

A wealth of invaluable data on radiographic principles, 
practice, and technics. Profusely illustrated with photo- 
graphs, colorful drawings, diagrams, and cliarts. Get a 
copy from your local x-ray dealer, price $3 


m. 


At 25 kv, a microradiograph is made 
on a Kodak Spectroscopic Plate, Type 
5^8-0, through a .005-ineh section 
cut from the casting. At 35X enlarge- 
ment, the extremely high resolution 
of this photographic material show^s 
a rectangular array of crystal growth 
in which the lighter tone is inter- 
preted as a molybdenum-rich phase. 
This is indicated by the relative 
opacity of molybdenum to x-rays, 
emphasized by the low kilovoltage. 


Kodak'* is a trade-mark. 


EASTMAN KODAK COMPANY 
Rochester 4, N. Y. 
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Tempest in a Hearing Room 

S INGE early May, the Atomic Energy 
Commission, which had received 
comparatively little attention during its 
first two years, has held a prominent 
position on the Washington political 
stage. The charges against the Commis- 
sion and Chairman David E. Lilienthal— 
piosecuted largely by Senator Bourke B. 
Hickenlooper of Iowa, former chaiiman 
of the Joint Congressional Committee on 
Atomic Energy and a candidate foi le- 
election to the Senate next year— weie 
pegged on certain lecent incidents but 
were not basically new. The whole pei- 
formance has been disquieting to the 
U.S. scientific community because it 
appears to reflect a continuing lack of 
understanding of the atomic energy en- 
terprise in some quarters m Congress, 
and a continuing tendency 'toXvard polit- 
ical mteifeience in science (.see page 
30). 

Here is a day-by-day account of 
events up to the time this issue of Scien- 
tific American went to press. 

May 10— Fulton Lewis, Jr., Mutual 
Broadcasting System commentator, com- 
plamed in a news broadcast that the AEC 
had awarded a fellowship to a member 
of tlie Communist paity, Hans Freistadt, 
a graduate student and part-time instruc- 
tor in physics at the University of North 
Carolina. 

May i 2— Lewis’ charge was repeated 
in Congress by Representative W. Ster- 
ling Cole, New York Republican, and 
Senator Clyde R. Hoey, North Garohna 
Democrat. 

May I4~Hickenlooper asserted that 
an AEC fellowship had also been 
awarded to a “Communist” postdoctoi al 
fellow at an Eastern university 

May 1 0— Lilienthal told tlie Joint Con- 
gressional Committee on Atomic Energy 
Qiat the National Research Council, 
wliich administers the fellowship pro- 
gram for the AEC, had recommended a 
fellows^p for Freistadt. He explained 
that “the work carried on under the 
fellowship program is overwhelmingly 
concerned with non-secret areas of re- 
search’*; Freistadt was to do non-secret 
work in relativity. On the advice of the 
Council, the Commission had decided 


not to lequiie security cleaiance of can- 
didates foi such fellowships. Lihenthal 
warned that to lequire loyalty clearance 
for workeis in non-secret fields would 
cieate a precedent “of grave and fai- 
1 caching consequence to our scientific 
and educational system.” His views were 
seconded by A. N. Richards, piesident 
of the National Academy of Sciences, 
parent body of the National Research 
Council. 

May 17— In a stoiy by William Brad- 
foid Hiiie and Jeuy Gieene, the New 
York Daily Neivs repoited that three 
quarters of a pound of uianium 235 had 
disappeaied from the Argonne National 
Laboratory “Key countei -intelligence 
olBceis who have been sweating blood 
m a frantic race to find the missing bomb 
component,” the News announced, “now 
believe they have failed and that the 
uranium is in Russian hands. The loss—, 
or moie probable theft— is considered 
the gieatest tin eat to national security 
ever to he discovered m peacetime.” The 
story quickly appeared on front pages 
across the coimtiy, but the facts luined 
out to be not quite as fiisL reported. The 
AEG conceded tliat some uranium had 
been missed m the Argonne Laboratory’s 
Febiuary inventory. The missing mate- 
rial, however, was an enriched uranium 
compound that contained only 32 giams 
(1.05 ounces) of U-235. Of this, 25 
grains had alieady been recovered from 
laboratory waste. 

May IS— Senator Brien D. McMahon, 
chairman of the Joint Committee, an- 
nounced that an additional three grams 
of the missing U-235 had been recov- 
ered. He said he was satisfied that no 
material had been stolen, and the FBI 
had declared itself convinced no espio- 
nage was involved in the incident. 

May 19— McMahon announced that 
his committee would inquire into the 
disappearance of tlie U-235 and the 
award of fellowships to Communists. 
Committee members were angry, he ex- 
plained, over a six-week delay by the 
AEC in reporting the loss of the U-235 
to the FBI. The Senate Appropriations 
Committee subcommittee dealing with 
AEC funds, headed by Senator Joseph 
C, O’Mahoney, Wyoming Democrat, en- 
tered the fray with a second inquiry into 
the fellowship program. 

May 20— Fulton Lewis, Jr., tossed in a 
new charge, that two bars of uranium 
metal, taken from the Hanford pluto- 
nium plant by securi^ oflBcers in a 
security test, had not been missed by 
supervisors of the plant for 90 days, after 
which they were returned by the security 
men. Meanwhile the alleged second 
Communist among the 500 AEC fellow- 
ship holders was identified as I. S. Edel- 


niaii of Haivard Edelmaii was described 
by Shields Warren, directoi ol the AEC 
division of biology and medicine, as a 
physician who had been denied clear- 
ance for seciet work, but against whom 
the evidence was inconclusive. He had 
been given a fellowship to cany out 
critically important non-secret medical 
research toi which he had “outstanding” 
qualifications. (Edelman later appeared 
before the foint Committee and satisfied 
it that he was not a Communist.) 

May 21— The AEC modified its stand 
and agiecd to bar Communists from fel- 
lowships. To implement its decision, the 
Commission adopted the requirement 
that futuie candidates for lellowships 
must take a loyalty oalh and file non- 
Commumst affidavits. Conceinmg the le- 
moval of the uranium bars at Planford, 
the Commission explained that this was 
one of a series of routine security checks 
and that it had resulted m the tightening 
of seciiiity procedures. 

jMay 22— Hickenlooper, who had sup- 
ported Lilienthal dniing the battle over 
his original appointment to the Com- 
mission two years ago, called on Piesi- 
dent Tinman to oust the AEC chairman 
on grounds of “inci edible mismanage- 
ment.” The fowa Senator asserted thcic 
was “perhaps even moio seiious evidence 
of maladministration” than was involved 
in the U-235 and Icllowslup incidents. 
May 23— The Joint Committee de- 
cided to hire an outside consultant to 
investigate the loss of the U-235 at 
the Argonne Laboiatory and the Labo- 
ratory’s procedure for safeguarding 
valuable materials. O’Mahoney ’s appro- 
priations subcommittee extended its 
investigation of the AEC from the fel- 
lowship program to the missing U-235, 
the Hanford uranium bars and the ship- 
ment of isotopes abroad. Lihenthal con- 
ceded before the O’Mahoney committee 
that the Commission had made a “sub- 
stantial error” m failing to notify the 
FBI sooner of the disappearance of the 
U-235 sample. On the same day AEC 
Commissioner Lewis L. Strauss disclosed 
that he had dissented from the Commis- 
sion’s decision to make isotopes available 
to research workers in foreign countries. 
Lilienthal and Kenneth S. Pitzer, AEC 
director of research, leplied that so far 
as scientists could determine tliere is 
little or no risk of their being useful for 
military purposes, 

May 25— Lilienthal asked the Joint 
Committee for a full investigation of 
Hickenlooper’s charges of “incredible 
mismanagement.” Such an inquiry, he 
said, would show that the AEC’s record 
“is a proud one,” Senator Harry P. Cain, 
Republican of Washington, proposed re- 
peal of the Atomic Energy Act and 




leturiT ot atomic eneigv to the National 
Military Establishment 

Maij 26— Piesident Tinman gave Lili- 
enthai and the AEG his unqualified sup- 
poit and teimed the attack on them 
“pie-election campaign mateiial.” He 
said. “I personally know the countiy’s 
position in atomic energy. We aie mak- 
ing good progiess . . I deplore the fact 
that relatively trivial items have been 
blown up to piopoitions that tin eaten 


the integrity ol the program. The plain 


fact is that the atomic energy program 
is in good shape—and m good hands . . 
I have entne confidence m Mr. Lilien- 
thal ’’ 


May 28— Hickenloopei stated that he 
was ready to “produce proof” ol his 
chaiges against Lilienthal, Scientists 
from seveial umveisities and laboia- 


tories, coming to Lilienthal’s defense 
said that the new fellowship lules foiced 
on the AEG would add to the Commis- 


sion’s difficulties in cairying on its many 
activities. W. A. Higiubotham ol the 
Brookhaven National Laboiatoiv said 


that moie than 100 qualified atomic sci- 
entists had alicady been excluded Iroin 
the atomic eueigy piograin by clearance 
difficulties. 


May 29— Angrily demanding a show- 
down in a newspaper interview, Lilien- 
thal chaiged Hickenloopei with con- 
ducting a “smeai” campaign against the 
AEG, and with making a “calculated” 
attempt to aiouse feais of an “appioach- 
mg collapse” of the atomic bomb piogram 
with “vague, un-American” accusations. 

May 81— The Joint Committee agreed 
to let Hickenlooper develop his charges 
in face-to-face hearings with Lilienthal. 
The O’Mahoney subcommittee wrote 
into the AEC’s 1949-50 appropiiation 
bill a lequiiement for FBI investigation 
of all AEG fellowship applicants. 

Jane i— The Joint Committee’s foimal 
inquiry opened befoie a quorum of 
newsmen, radio commentators, newsreel 
photographeis and television bioadcast- 
eis, Flickenlooper made three charges 
against the AEG 1) excessive turnover 
of peisonnel, 2) too frequent use of its 
power to give secinity cleaiance to em- 
ployees in emergency cases before full 
investigation by the FBI, 3) retention of 
two scientists on the AEG payroll by 
General Manager Carroll L. Wilson 
despite unfavorable repoits by the Com- 
mission’s security officei. Lilienthal re- 
plied that the AEC's personnel turnover 
rate (50 per cent in two years) was no 
higher than in other Government agen- 
cies, and considerably lower than in 
private industry. He explained the large 
number of emergency personnel clear- 
ances by pointing out that several of the 
plants were near a breakdown when 
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the Gommi.ssion took them over horn the 
^Shiuhcittau District, and woikmen ]iad 
to be employed (juickly loi repairs 

Jufie iP—Tbe l^ottle that had lield the 
missing U-235 was found in a dump lor 
radioactive waste at the Argonne Labo- 
latorv. Hickenlooper charged that an 
Aigonne guaid with access to the safe 
ill which the missing bottle had been 
stored had a police lecord, including a 
cbaige of giand laiceny. AEG Manager 
Wilson replied that the giuud had been 
employed by the Army befoie the AEG 
took over the project, when his record, 
which included no convictions, was dis- 
covered on a recheck by the Commis- 
sion, he was transfeiied to work not 
involving seciet materials. 

Jime 6~-Hickenlooper charged that 
the AEG had kept on its payioll a scoie 
of employees against whom the FBI had 
found “derogatory information.” As his 
first case, he cited “Mr. A,” in charge of 
prepaiing AEG reports to Congress, who 
: had been suspended at one time because 
of an unfavorable FBI leport. Lilienthal 
pointed out that all of the employees 
listed by Hickenloopei, including “Mi. 
A,” had eventually been cleared by loy- 
alty boards. At least 10 of the cases, he 
added, had occuned while Hickenlooper 
was chairman of the Joint Committee, 
and the Committee had concurred m the 
loyalty board findings. The AEG chair- 
man demanded that “Mr. A,” who ho 
said hud been clearly identified by 
Hickenlooper although he was not 
named, be given an oppoitumty to de- 
fend himscll before the Committee. Tire 
Committee then held a series of closed 
sessions, extending over several days, to 
decide whether accused individuals 
should be discussed and heard at public 
hearings. 

Jtme 7— Secretary of Defense Louis A 
Johnson issued a statement expressing 
satisfaction with the operations of the 
AEG and disclaiming any desire by the 
National Military Establishment to re- 
sume control of atomic energy. “The 
military establishment has not attempted, 
and will not attempt,” he said, “to take 
atomic energy away fiom civilian con- 
trol and turn it over to the military. We 
have had no desire to handle the matter. 
We have none now. We want none of 
it in the future.” 

June 8— Hickenlooper charged that a 
shipment of radioactive iron to Norway 
for metalkngical research violated the 
Atomic Energy Act. He said that the 
shipment was to be used for developing 
alloys for jet engines and lockets. (Nor- 
wegian officials promptly denied this.) 
Hickenlooper also argued that shipment 
of radioisotopes was contrary to a section 
of the Act which forbids die transfer of 
information to foreign countries on the 
use of atomic energy for industrial pur- 
poses. Chairman McMahon, who had 
sponsored the Act, disputed this inter- 
pretation. 

/ uhe 9— Commissioner Strauss, testify- 


ing before the Committee, explained h\s 
disagieement with ihe otlici commis- 
sioners ovei the sliipmenf oi isotopes He 
said he opposed the shipments because 
he ihoughl isotopes might bo useful to 
other nations foi metallurgical leseaich 
and “for the possible mutation ol agents 
for use m biological waifaie.” 

June 10— The Joint Committee de- 
cided, 9-to-8, to considei no more of 
Hickenloopei ’s loyalty cases in public 
Chan man McMahon explained in a let- 
tei to Hickenloopei: “You may conceiv- 
ably take the position that tlie meie 
existence of dciogatory mfoiination on a 
paiticular iiidividua] is sufficient to dis- 
qualify liim foi atomic eucigy employ- 
ment. But the law . . . poimits the Com- 
mission to cxeicise discietion, to weigh 
favorable against unfavoiable data. . 
The individual involved m Case A has 
alieady been sufficiently identified to 
cause him genuine embaiiassmcnt. If 
discussion of othei cases had the same 
result . . . the eflect on the moi ale ol 
atomic energy employees might become 


seiious . . 


June 13—]. Robert Oppenheimer, 
chaiiman of the AEG Geneial Advisoiy 
Committee, an agency cieated liy the 
Atomic Energy Act to watch the proj- 
ect and leport directly to the Pre.sident, 
testified bclovc the joint Committee that 
his gioup lulJy endorsed the “coinpc- 
lonce and devotion to duty ol the Com- 
mission.” The Advisoiy Comimttcc said: 
“Bcttci weapons have been developed 
and tested, the production ol inatciials 
has been substantially increased and as- 
sured, and a sound and foiward-lookmg 
piogiam has been eslublishech” Oppen- 
heimer ridiculed the suggestion that the 
export of isotopes endangered tlie secu- 
rity of the U.S. He added that the Ad- 
visoiy Committee believed tlial m its 
security piecaiUions the Commission had 
been too conservative. Said Oppenheim- 
ei* “I think the Commission can go 
further towaid making infoimation pub- 
lic which is now secict.” 

June 15— Hickenlooper picsented as 
evidence ol “mismanagement” the tact 
that a new plant at Hanfoid for proc- 
essing plutonium, oiigmally e.stimated 
to cost $6,255,000, eventually cost $25,- 
219,000. Lilienthal, conceding that the 
costs had not been closely supervised by 
the AEG, said that the increase was due 
to revisions of plans and the great rush 
in which the plant was built, ft was con- 
sidei ed urgently needed to supply ma- 
terial ior new typos of bombs tested at 
Eniwetok last year The plant, said 
Lilienthal, places the refining and fabri- 
cation of plutonium metal on a factory 
production basis, instead of the “bread- 
board” operation previously carried on 
at Los Alamos. 

Arthritis Remedies 

C ORTISONE and ACTH, two widely- 
hailed new remedies for rheumatoid. 
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aitliritis, have excited great interest at 
lecent medical meetings. Cortisone also 
looks promising as a lieatment foi ilieu- 
matic fever, and ACTII as a tieatment 
for epilepsy. Both aie difficult to manu- 
facture, however, and even if successful 
may not be available for general use for 
seveial years. 

Cortisone (originally named ''com- 
pound E”) is an adienal coitical hoi- 
mone, prepared from cattle bile by a 
difficult partial synthesis involving 37 
steps, ACTH (adienocorticotrophic hoi- 
mone) is a pituitary secietion which 
stimulates the adrenal cortex. It is ob- 
tained from dried hog pituitaiy gland 
by means of a low-yielding extraction 
piocess. 

In a test at the Mayo Clinic early this 
yeai, coitisone brought diamatic lehef 
to 16 patients with iheumatoid aithritis. 
Individuals who had entered the Clinic 
m wheel chairs were able to run within 
a few days. A Mayo clinic film showing 
theii* recoveiy caused much excitement 
at the recent International Congiess on 
Rheumatic Diseases in New York Thiee 
rheumatic-fever patients also “responded 
well” to cortisone tieatment. Similai 
lesults m aithiitis weie obtained with 
ACTH in Boston at the Harvaid Medical 
School, Peter Bent Biigham Plospital, 
Robert Brock Biigham Hospital and the 
House of the Good Samaritan. The Bos- 
ton investigators also found that AC^Tll 
restoics normal brain-wave patterns m a 
way that suggests the boimone may be 
of value in epilepsy, which is maiked by 
extreme disturbance of brain-wave pat- 
terns. 

Cortisone appears to be the primary 
curative agent, while ACTH acts by 
stimulating secretion of the adienal cor- 
tical hoimone. In both cases relief lasts 
only as long as the drug is used. 

Research leading to the trial of coiti- 
sone in arthritic disease was begun by 
Philip S. Hench of the Mayo Clinic more 
than two decades ago. lie had observed 
that patients experienced remissions of 
rheumatoid aithritis during pregnancy, 
attacks of jaundice and immediately 
after surgical operations. lie fell that this 
might be due to increased activity of the 
adrenal cortical gland, which is involved 
m responses to stress {see page 44). 
Adrenal cortical stimulation may like- 
wise be responsible for the temporary 
lelief sometimes afforded to aithritis 
patients by injections of bee venom. 
Last year Merck and Company chem- 
ists succeeded in producing a small 
amount of cortisone foi trial. ACTH 
came from the Armour Research Labora- 
tories. 


Most of the Revere Metals have utilita- 
rian end uses, going into such products as 
electric motors and switches, clock move- 
ments, automobile radiators and heaters, 
steam condensers, power plant bus bars, 
water tube, roofing and flashing, and 
similar important but unspectacular ap- 
plications There are other products, 
however, m which these fine metals serve 
the cause of beauty as well as utility 
Revere, you see, is an important sup- 
plier to manufacturers of jewelry and 
silverware. To such firms, our copper 
alloys offer many important advantages, 
including easy workability, perfect roll- 
ing and plating qualities, and a wide range 
of colors, permitting a good match, if 
desired, with the precious metals The 
strict quality require- 
ments of this branch 
of the Revere busi- 
ness make it one in 
which we take pride, 
even though gold an d 
silver hide our metals 
from the view of the 
ultimate consumer 

The most hand- 
some, elaborate and 
expensive item 
known to Revere in 
which its metals are 
used is a biscuit 
box, a reproduction 
of an antique Shef- 
field piece This has 
three interconnected 
hinged leaves, each with an inner pierced 
shell, also hinged. Opening one leaf 
opens them all to the same degree. Thus 
with one hand it may be closed tightly, 
opened part way, or all the way. Though 
intended as a biscuit box to grace aris- 
tocratic tables, it can also be used for 
flowers The box has over 100 parts, but 
is beautifully simple to use, and can be 
easily separated into its main sections for 
cleaning. The outside is heavily plated 
with silver, and inside with 24-karat gold. 

Revere’s share in the production of this 
expensive item (retailing at over $100 in 
the best shops) is confined to supplying 
the base metal, Revere’s Soft Rich Low 
Brass. This is ideally suited to the elabo- 


rate pressing, stamping, embossing and 
chasing methods required to produce the 
graceful shapes and intricate detail of 
ornamentation before plating To the 
skilled craftsmen who devote their genius 
to such beauty Revere gives full credit, 
and they give us equal credit for our 
metal which they find so suitable for 
them to work. 

From the point of view of volume it 
cannot be said that this luxurious biscuit 
box represents a big market for Revere. 
No matter how attractive and desirable, 
lu.xuries are not sold m quantity Yet 
Revere takes pleasure m supplying the 
fine metal required, and has collaborated 
closely with the maker m selecting the 
proper alloy and writing specifications for 
its gauge and tem- 
per. In other words, 
though the poundage 
involved is tiny com- 
pared with that re- 
quired for condenser 
tubes and plates, Re- 
vere has given this 
business close and 
thorough attention. 

It has been our ob- 
servation that such 
respect for the rela- 
tively small order is 
well - nigh universal 
among suppliers, yet 
we often notice that 
manufacturers need- 
ing such quantities 
do not feel entitled to ask big companies 
for help; they go to distributors. This is 
indeed the proper thing for them to do. 
It is the function of distributors to ship 
smaller orders from their stocks. But it is 
also the duty of the distributor, and the 
privilege of liis customers, to call upon 
the supplier for collaboration in such 
matters as material selection and speci- 
fication, and even fabrication methods 
if desired. So Revere suggests that no 
matter what you make, nor in how small 
quantities you buy, you avail yourself 
not merely of the distributors’ stocks 
and knowledge, but also feel free to draw 
upon the knowledge and experience of 
the supplier. 

REVERE COPPER and BRASS INCORPORATED 

Founded by Paul Revere in 7 8 01 



Meetings in August 

A merican institute of Electrical En- 
- gineers. Pacific general meeting. 
San Francisco. August 23-26. 

American Mathematical Society. Boul- 
der, Col. August 30-September 2. 
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THE 

/WTOMIC ENERGY 
COMMISSION 


Under the baleful shadoiv oj bomb politics, it is making 
halting progress toward the goal of constructive uses 
for atomic energy. A report on the vast AEG enterprise 


D id the explosion ut Alamogoicio on 
July 16, J945, niaik the begin- 
ning oi an era— or the end ol one? 
Foiu yeais of the “atomic age” have not 
diinmished but enhanced the importance 
of this question. Bound up m it aie prac- 
tical pioblems and issues ol policy on 
vvliicli hang the stiategy and the liiture 
of science in the U.S, 

On the tourth anmveisary of the first 
atomic bomb, it is clearer than ever that, 
whatever the bomb’s effects upon war- 
fare and politics, in science it was the 
almost ii relevant culmination oi a chap- 
ter that began with Henri BecqueieFs 
disco veiy of radioactivity in 1896 and 
ended with the discovery of uranium 
fission in 1939, The making of the bomb 
itself was an exciting denouement, but 
most of tliose who took part in it have 
now retiuned to the liasic study of the 
still mysterious atomic nucleus— an in- 
quiry m which the fission of uranium no 
longer holds much piomise of enlighten- 
ment, nor indeed much interest, for 
physicists. The mushroom splendor of 
the “atomic age” has obscuied, and con- 
tinues to obscure, the meagerness of 
mans imdei standing of the forces of 
nature, and the conditions for fm’ther 
progress. Scientists are well aware, if the 
public IS not, of the need for a return to 
fundamental woik In basic science the 
period of I'eorientation and retooling 
that followed the bomb is now about 
over, and a new chapter has begun. 
Yet in a political sense the bomb still 
dominates U S. science, posing for 
scientists and laymen alike some serious 
questions as to how and to what ends 
research shall be supported. 

These are inescapable impressions 
that an outside observer brings away 


by Leon Svirsky 

from a study and tour of the vast enter- 
pi ise conducted by the Atomic Energy 
Commission, the somewhat anomalous 
offspring of the atomic bomb. The AEG 
project is surely one of the most impres- 
sive pel form an ces ever staged by man 
Chau man David E. Lilienthal has called 
it “the largest, most complex and most 
extensive scientific, educational, indus- 
trial, technical and weaponeenng under- 
taking in the history of the world”— 
which is a considerable mouthful but 
haid to deny. The AEC’s $800 million 
budget for the coming year places it in 
the top rank of America’s gnmt indus- 
tries. It owns some $3 billion worth of 
plant and real estate; maintains 1,270 
factories, laboiatories, offices and other 
installations reaching into nearly eveiy 
state, has hundreds of industiial con- 
tractors and suppliers; has educational 
arrangements with 58 universities and 
lesearch contracts with dozen of others, 
is suppoiting the major part of the basic 
work' in physics in the US.; and at its 
thiee national laboratories— Oak Ridge, 
Argonne and Brookhaven— is building 
the most richly equipped physical and 
biological lesearch centers on earth. 

Yet the Atomic Energy Commission 
remains essentially an agency for making 
bombs, and its scientific facilities and 
expenditures are but paiasitic append- 
ages to that central purpose. At least 90 
per cent of its huge budget has been de- 
voted directly or indneetly to the devel- 
opment and pioduction of fi.ssionable 
materials and weapons. And because its 
business is the world’s most zealously 
guarded secret, much of its far-flung 
support of scientific work is subject to 
such controls and restrictions as science 
has never before known. 


No one is nioie unhappily awaie of 
the difficulties and dangeis of this situa- 
tion than Lilienthal and his fellow coni- 
missioneis. Piesidmg over an enterprise 
which most citizens considei it unpatii- 
otic even to inquire about, and m which 
the loss of seven grams of uranium 235 
becomes front-page news and the suli- 
ject of a Congressional investigation, the 
AEG occupies a position beset with frus- 
trations. In its lelations with Congress- 
men, many of whom have adopted the 
working piinciple that the less heaid 
from or about the Atomic Energ}^ Com- 
mission the better, the Commission has 
generally followed a policy of extreme 
caution— some think excessive caution. 
But in a quiet way Lilienthal and his 
colleagues have been seeking to reduce 
tlie isolation of their immense enterprise 
from the main cunents of American 
life— an isolation which has been a sub- 
stantial handicap to the AEG, to science, 
to technology, to industiy and to the 
hopes for the use of atomic energy for 
peaceful pui poses 

The Reactor Program 

Nothing illustiates the Commission’s 
difficulties more cogently than the snail’s 
pace of its progress, in the tw^o and a half 
yeais since it took over from the Manhat- 
tan District, toward the development of 
uranium as a fuel foi useful powei. This 
part of its task, known as the “reactor ^ 
progiam, has been virtually at a stand- 
still. Partly this is due to the Commis- 
sion’s unavoidable pieoccupation duiing 
its first two years with the job of shoring 
up the production of fissionable materials 
by die repail* and expansion of die de- 
teriorating, war-built plants; pardy it is' 
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due to the foimidable natuie (d the le- 
actor problem itself, partly to disagice- 
ments within the AEG as to the best way 
to begin, partly to rivalry between the 
Air Force and the Navy for priority on 
its first nuclear power plant—but funda- 
mentally the delay has been due to the 
lack of public infoimation or any real 
public pressure foi the power piogram. 
The Commission’s indecisions have now 
been resolved, and Lihenthal believes 
that ‘we have begun to get traction and 
from heie on can expect a good deal 
more movement” in the experimental 
phases of the reactor project. But it has 
become clear that the development of an 
economically practical nuclear power 
plant will be accomplished, if it can be 
accomplished at all, only by an expen- 
ditiue of brains and money at least as 
gieat as that requhed for the original 
development of the atomic bomb. 

What is so difficult about it? If the 
energy in the uranium nucleus can be 
harnessed in a bomb or in a chain-react- 
ing pile— “a bomb in slow motion,” as 
Lihenthal describes it— why should there 
be any great problem about applying this 
powei to run an engine? The answer 
requires a review of some of the funda- 
mentals of the uranium chain leaction, 
and serves as a good starting point for 
a description of the AEC’s b'emendous 
opeiation. 

Fission 

The entile atomic energy entei prise 
rests ultimately on one basic reaction— 
the splitting of uranium 235, one of the 
lighter isotopes of the heavy element 
iiramum, as the result of its capture of a 
neutron. Actually it is not U-2 Sd itself 
that splits but an extremely short-lived 
daughter, U-236, formed when the neu- 
tron is added to the parent. U-236 is so 
unstable that it cracks almost instantly, 
withm milliondis of a second, into two 
nearly equal parts, recognizable as 
lighter elements in the middle of the 
periodic table. These product elements 
are not always the same; some 40 to 45 
different species of atoms have been 
identified as fission products. The com- 
bined weight of the t\vo atoms into 
which the uranium atom splits is less 
than that of the parent; the lost mass of 
the annihilated matter is converted into 
energy, mainly in the form of gamma 
rays and the kinetic energy of tlie flying 
fragments. And the fission products 
themselves are highly unstable, ra- 
dioactive, giving oflF particles and energy 
until they decay into stable forms. The 
energy released by the fission of a singid 
uranium atom is 200 million electron 
volts. For the purposes of, a chain reac- 
ti an, however, the most important prod- 
uct of the fission process is die release of 
free neutrons for tire- production of fur- 
ther fissions, ’ 

Uranium fission is not a man-made 


plienoincnon, it can occur in natiue. 
U-235, though a laie species, is present 
in all natural uranium iii the proportion 
of one pait to 139 paits ol the common 
isotope U-23S Occasioiudly a U-235 
atom in mamum-bearmg locks may cap- 
tuie a stray neutron It fissions, releasing 
energy and new neutrons. But the proba- 
bility that these neutrons will be cap- 
tuied by other U-235 atoms and produce 
fmthei fissions is so small as to be prac- 
tically nonexistent. And the reasons foi 
this aie at the hcait of all tlie problems 
and difficulties m developing a practical 
power le actor 

Capture of Neutrons 

The first reason is that neutrons aie 
exceedingly eligible for captuie by near- 
ly all kinds of matter, ^^ost elements, 
especially the heavier ones, have a stiong 
affinity for neutrons and gi eedily absorb 
them. In the rocks any neutrons pro- 
duced by an accidental fission have an 
almost infinitely greater chance of being 
absorbed by the abundant other mate- 
rials present than by another rare U-235 
atom. Consequently the first step in 
building a chain-reacting pile, or reactor, 
is to refine natural uranium, removing all 
the impunlies that would ahsoxb neu- 
trons piofitlcssly. A chain reaction can 
be maintained in a pile of uranium oxide, 
because oxygen is a poor absorber of 
neutrons, but in that case also the com- 
pound must be exceedingly pure. 

The second problem is that, in ura- 
nium itself, fissionable U-235 is at a dou- 
ble disadvantage m its competition lor 
neutrons with U-238. Not only are the 
U-238 atoms much moie abundant but 
they inteicept neuti^ons at a more likely 
speed. When neutrons are released by a 
fission, they are traveling at very high 
velocity. At this high speed no type of 
atom has a high probability of capturing 
them. U-238 absorbs neutrons ol inter- 
mediate speeds; there is a certain reso- 
nance velocity at which it gobbles them 
up. U-235, on the other hand, is partial 
to slow neutrons; it captures them most 
readily when they move at so-called 
thermal velocities, that is, the normal rate 
of vibration of the atoms in a solid. Ob- 
viously the neutrons are likely to be ab- 
sorbed by U-238 at intermediate speeds 
before they can slow clown to the tlier- 
mal speed favored by the rare fissionable 
atoms. One way to get around the diflB- 
culty, of course, is to get rid of the U-238 
and use almost pure U-235, as in the 
bomb. U-235 can capture fast neutrons 
(though with a lower probability), and 
if there is little U-238 present to take 
them out of circulation, the chain reac- 
tion can proceed. But the separation of 
. U-235 is costly; practical economics de- 
mands that a reactor operate, if possible, 
on natural nranfum^ A chain reaction can 
be established in natin^l uranium by 
slpwmg doym the fast neutrons quicHy 


so dial as many as possible will aiiive at 
the dieimal speed lavorexi by U-235 be- 
fore they can lie absoibed by U-238. 
Tins IS die function ol the moderator in 
a leactoi. Its |ob is to lirakc the neutrons 
Irom millions of electron volts (the physi- 
cist's measure ol neution speed) to less 
than three hundredths of an electron volt 
within a foot or two 

The material used as moderator (1) 
must not absorb ncutious and (2) must 
be light in mass. The neutrons are slowed 
by a seiies ol collisions with the nuclei ol 
the atoms in the moderator. The reason 
why these atoms must be light can be 
illustiuted by comparing the particles to 
billiard balls. A billiard Ixdl that hits a 
much more massive object than itself 
(eg., a large iron ball) rebounds with 
little loss of speed, it is slowed most 
when it collides with a liody of about its 
own size, such as another billiaid ball. 
In a reactor die nuclei of light atoms aie 
effective in slowing neutrons because 
they are comparatively close to the 
weight of a neutron, which has about 
the mass ol a hydrogen atom 

The materials that come closest to ful- 
filling the specifications for an ideal mod- 
erator are pure cailion (graphite), the 
light metal beryllium, and heavy watei— 
ordinal y water will not do because com- 
mon hydrogen is an avid neutron-ab- 
.soiliei, wliereas the heavy hydrogen iso- 
tope (LP) in heavy water, which already 
bus a neutron, is not. 

In the actual construction of a reactor, 
thin rods of pine natural uianium per- 
haps an inch in diameter, encased in 
aluminum (a weak absorber of neu- 
trons) to pi event cixidation, are inserted 
into blocks of graphite. Most of the fast 
neutrons produced by fissions in such a 
uianium rod escape horn the rod into the 
graphite, and by the time they have 
tiaveised this buffer to their next en- 
counter with uranium they are at the 
iheimal speeds that favor their selective 
captuie by U-235, This is die pile type 
of reactor, so-called because it is a block 
built up as a lattice ol uranium and 
graphite. While the name “pile” has 
commonly been used for all types of 
chain-reacting systems except bombs, 
“leaclor” is now preferred as a more 
inclusive term, covering the newer types. 
A reactor using heavy water as modera- 
tor, for example, is not strictly a pile but 
an assembly in which rods of uranium 
are immersed in a tank ol heavy water. 
The third basic factor that bars a 
chain reaction in nature and controls the 
design of a reactor is the escape of neu- 
trons from the system itself. To retain 
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enough neutions to keep the leaction 
going, the reactoi must be built to a cer- 
tain minimum size, so that the volume in 
which the neutions aie held is large in 
proportion to the suiface from which 
they may escape. Obviously the neces- 
sary size depends on the shape of the 
system A spheie, having the smallest 
surface aiea for its volume, is the most 
efficient shape and peimits the smallest 
critical size A cube is nearly as good. 
The minimum size also is governed by 
several other considerations— the degree 
of enrichment of the uranium with U- 
235, the kind and amount of moderator, 
the amount of other materials inserted 
into the leactor, and so on. The critical 
size of a reactoi consisting ol almost 
pure U-235, such as the bomb, may be 
very small, perhaps the size of a soft- 
ball, on the othei hand some of the low- 
eneigy leactors iu*e bi^iky— of the ordei 
of 40 feet m diameter including their 
seven-foot-thick concrete shielding. Thus 
size itself is no measiue of the powei of 
a reactor. 

In an atomic bomb the escape of neu- 
trons piesents a special problem, for the 
neuti'ons and exploding atoms must be 
held together long enough for the chain 
reaction to get well under way before 
the whole system blows apart. This is 
accomplished by enclosing the bomb in 
a casing of very dense material that re- 
tards the bomb burst and reflects some 
neutrons back into the system, This sug- 
gests one of the obvious avenues for re- 
search in the future development of 
power reactors the finding of more 
effective reflectors of neutrons. The in- 
vention of a suitable reflecting material 
that would hold most of the neutrons 
withm the working part of a reactor 
would not only reduce the critical size 
of the reactor but would gi*eatly decrease 
the shielding now required to protect 
personnel against escaping neiiti'ons. 
Thus it would enhance the possibility 
of building compact nuclear engines for 
ships, planes and vehides, 

Contarol 

The simple principles thus far de- 
scribed are the basis for the design and 


operation of all piesenl ic actors. In oper- 
ation the pile type of leactoi is con- 
ti oiled simply by inserting bais of a 
mateiial, usually cadmium, that readily 
absoibs neutions. By taking neutions out 
of circulation, they can bring the chain 
leaction into equilibrium oi stop it en- 
tiiely The bais slide into pockets m the 
interioi of the reactor. Then inseition 
and withdrawal is opeiated by opposing 
motois, so that very delicate control— 
to within a tenth of one pci cent oi the 
reactor’s flux— is possible. A reactor is so 
sensitive that if it is not airtight even a 
slight rise m iho Immidity ol the aii, re- 
sulting in the presence of more neulion- 
absoibmg hydrogen atoms, affects Us 
operation. 

To start the reactor, all the bars arc 
withdrawn. The chain icactiou develops 
rapidly; its control would be extremely 
difficult but for the fortunate fact that 
some of the neutrons leleased by fis- 
sion— about one pel cent— are delayed m 
emission fiom a few seconds to a minute. 
This gives the system enough ineitia so 
that the opeiator, working with dials 
that operate the motors, has ample time 
to bring the contiols into play as the 
reactor heats up. One bar suffices to 
regulate the level of the chain reaction. 
When the reaction reaches the desired 
level, the opeiator stabilizes it hy insert- 
ing the bar to a length that soaks up 
enough neutions so that from each fission 
one and only one neutron is cap trued by 
another U-235 atom to continue the re- 
action. The power level of the reactor is 
determined by the numbei of atoms 
fissioning at any moment at that equi- 
librium stage Reactor technicians desig- 
nate this rate of operation as the “neutron 
flux,” meaning the number of neutions 
passing through a given section of the 
pile per second. There are several ways 
of recoiding the pile's level. The simplest 
and most commonly used is measure- 
ment of its temperature. A pile also con- 
tains ionization chambers that indicate 
the neution flux. Since such a chamber 
cannot detect the uncharged neutrons 
directly, it uses indirect methods; in one 
instrument the neutrons knock alpha 
particles out of the chamber's boron lin- 
ing and these particles ionize argon gas 


in the chamber In most leactors the 
ionization chambeis, as a safety measuie, 
control exlia iod.s winch would diop 
automatically into the pile if the human 
operators failed and the reactoi lose to 
a dangerous level. A pile could not pos- 
sibly approach the eneigy of a bomb; 
at worst, it all controls failed and the 
reactoi blew up, it would simulate a 
lathei bad steam-boilei explosion. 

Plulonium and U-233 

If U-235 were the only fissionable 
material, tlicie would lie no hope for 
luanium powei plan I s except as an ev 
peiimeutal euuosity, the isotope is loo 
larc to be seriously coiiskHered as a fuel 
lor economical, large-scale use, TJie 
hopes loi nuclear power lie in the fact 
that it is possible to maniilacture two 
othei fissionable materials 1 ) pluto- 
niiim, derived from U-238, and 2) 
U-233, a synthetic uranium isotope de- 
rived from the heavy natural element 
thorium. 

Plutonium is produced by this senes 
ol reactions A U-238 atom, upon ab- 
sorbing a neuLion in a reactor, becomes 
U-239. This shoit-lived isotope (half- 
life- 23 minutes) pronqotly emits a beta 
particle (election) horn Us nucleus, 
gains an electron in Us outer shell, and 
is trails! oimed to the artificial clement 
neptunium 239. Neptunium also is un- 
stable (half-life. 2 3 days) and it in turn 
expels a beta particle, plus gamma rays, 
and becomes plutonium 239. Plutonium 
IS fissionable m the same way as U-235, 
when it captuies a neutron it splits m 
two with a vast yield of energy, possibly 
greatei than that fiom the fission of 
U-235. 

The thorium chain is this. Thoiium 
232 absorbs a neutron and becomes the 
shoit-hved isotope thorium 233 (half- 
life: 23 minutes), which emits a beta 
particle and is tiansmuted to protoac- 
tinium 233 (half-life: 27 days), which 
in turn loses another beta paiticle and 
becomes uranium 233. U-233, like U-235 
and plutonium, fissions by capture of a 
neutron. To start this series of reactions, 
thorium would have to be mixed in a 
pile with U-235 as the source of neu- 
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LOS ALAMOS SCIENTIFIC LABORATORY concen- basic physics. Situated on an isolated mesa in New Mex- 
trates on weapons rcscareli ])at also docs some work in ico, it is tlie most secret of all the AEG installations. 


tions. Thus the manulactuie ot both 
plutonium and U-233 depends basically 
upon U-235 as the i>paik plug. But the 
gieat piomise of these reactions is that 
they add compaiatively abundant U-238 
and thoiium to U-235 as potential fuels, 
and the fissionable materials made from 
them, once formed, become additional 
sources of neutions. 

As we have seen, a leactoi using natu- 
ral uianium is deliberately designed to 
make most of the neutrons by-pass ab- 
soiplion by U-238 in oidei to maintain 
the chain leaction. But some neutions 
inevitably aie absorbed by some U-238 
atoms, and there is always at least a small 
sill plus of neutrons that makes this pos- 
sible without stopping the chain Thus 
even in a leactor running at a veiy low 
power level a little phitomiim is created 
in the uranium rods. To increase the pro- 
duction of plutonium, the powei level 
must be laised: obviously the gieatei 
the number of fissioning atoms, the more 
jolutonium will be made. This is the basis 
of opeiation of the plutonium-pioducing 
plies at Hanford. They are built of pure 
natural luanium and graphite, like other 
thermal leactors, but lun at considerably 
higher power levels. Periodically the 
uianium lods are removed and the plu- 
tonium in them is extracted by chemical 
methods. 

Types 

The Atomic Energy Commission now 
has eight known reactors of various types 
(besides its bombs). The oldest, origi- 
nally built behind the University of 
Chicago stadium but later transplanted 
for use in leseaich to the Aigonne Na- 
tional Laboratory 30 miles from Chicago, 
is a low-energy pile of uranium, in anium 
oxide and graphite. Its maximum power 
is 200 watts. Because it has no cooling 
system, its tempeiature is never allowed 
to rise above 50 degrees Centigrade. 
The next oldest reactor is the slow- 
neutron pile at Oak Ridge, used for re- 
search and the production of radioactive 
isotopes. It has a power capacity of 
about 2,000 kilowatts and can go from 
room temperature to 600 degrees Centi- 
grade in a few seconds, although it is 


never operated at that hot level Its 
gi eater power is made possible by an 
mteinal an -cooling system The thiee 
plutonium piles at Hanfoi d, whose power 
level has not been disclosed but is cer- 
tainly no less than 5,000 kilowatts, are 
water-cooled—an inefficient method be- 
cause the cu'ciilating watei in the piles 
absoibs many neutrons, hut the most 
piactical one available to remove the 
large quantities of heat. The tianford 
piles, like those at Argonne and Oak 
Ridge, aie lattices of natural uranium 
and graphite and use slow neuti'ons. 

The Commission’s three other piesent 
reactors aie expeiimental One is a 
heavy-water affaii at Argonne. Another 
is the so-called *\vatei boiler” at Los 
Alamos. This small reactoi contains a 
solution of an enriched uranium salt, 
piesiimably in heavy water, m a vessel 
made of neutron-iefiectmg mateiial. It 
is a “homogeneous” reactoi, that is, the 
fissionable material is mixed with the 
moderator and distributed uniformly 
throughout it. It may be controlled, like 
othei leactois, by the insqition of neu- 
tron-absorbeis (Some reactoi s aie con- 
trolled simply by moving pieces of re- 
flector or moderator.) The third experi- 
mental leactor, also at Los Alamos, is 
fueled by plutonium, with no moderator. 
Thus it operates on fast neutrons, and ap- 
pioaches the conditions in a bomb— its 
leacting section is only a foot or two in 
diameter, Its chain reaction is kept under 
control, however, at a very low power 
level. Foi leasons that will be considered 
presently, research with this fast reactor 
has provided some of the most valuable 
leads thus far toward the design of a 
power reactoi . 

The Power Conundrum 

By now the dimensions of the power 
problem begin to become apparent. It is 
easy enough to calculate that one pound 
of fissionable fuel contains 10 million 
kilowatt-hours of energy and is the 
equivalent of 2.6 million pounds of coal. 
It is even no great feat to design the 
outline of a fission power plant: One 
simply constructs a hot reactor enclosed 
by a reflector and shield, pipes a coolant 


(cooling fluid oi gas) through it to ex- 
tract the heat, and transfers the heat to 
a boilei and steam turbine or a gas tur- 
bine. But there are certain difficulties 
about details. 

For instance, the leactor must be 
raised to temperatoes far above any yet 
attempted under control. Even the “hot” 
piles at Hanford operate well below the 
boiling point of water. By attaching 
the necessary heat-exchanging equip- 
ment to one of these reactors and allow- 
ing it to go to a high level, power might 
be generated to light an electric-light 
bulb or perform a slightly more burden- 
some task. But it would be the labor of 
a mountain to produce a mouse. And it 
would ruin the pile. 

The paradox of the vast energy in 
uranium is that its very concentration 
constitutes one of the prime problems in 
extracting powei efficiently fiom it. Its 
power potential is fantastic; in a bomb 
the temperature produced is measured 
in millions of degiees. But pound for 
pound uranium is tlie most expensive of 
all possible fuels, and its use is pro- 
hibitive unless a way is found to apply 
an appreciable part of the power it is 
capalole of producing in a small space. 
This raises a number of serious diffi- 
culties. One IS the heat question. Ob- 
viously, to approach any leasonahle 
efficiency in the exti action of nucleai 
energy means going to very high tem- 
peratures. But the vulnerability of mate- 
iials to heat imposes a relatively low 
limit on practical operation. The most 
resistant known mateiials will tolerate 
no more than 2,000 degrees Fahrenheit 
Reactor designers must consider the 
effects of heat on all the reactor ingre- 
dients— pipes, coolant, model ator, con- 
trols, reflectors, the fuel itself. Even 
more troublesome than the heat problem 
IS the fact that the high neutron flux 
that develops in a hot reactor also is de- 
structive to materials, especially metals. 
And mateiials that may tolerate high 
temperatm'es do not withstand particle 
radiations. All these lessons were ex- 
pensively learned in the experience with 
the Hanford piles, which approached a 
breakdown after the war. 

Still another materials problem is that 

is; 



intioclucecl by contamination of the re- 
actor with the pipes and coolant neces- 
saiy to extract its heat. They diveit 
neutrons from the chain leaction Even 
if materials that absorb few neutions aie 
found for these pinposes, at best they 
will impaii the reactoTs delicately bal- 
anced neutron economy. 

Thus the materials question injects a 
whole galaxy of new problems into 
power -1 eactoi construction The answeis 
will require not only engineering studies 
but new fundamental knowledge in 
physics and chemistry. Kenneth S. 
Pitzer, dnector of the AEC’s Division 
of Research, observed: ‘"We need entnely 
unprecedented materials, not merely 
improvements of those already known. 

Yet materials constitute but one of 
many hurdles that must be cleaied to 
make a power react oi economically 
feasible. Just as important is the con- 
servation of the costly uranium fuel. A 
reactor run at a high level quickly be- 
comes poisoned by its own fission prod- 
ucts. They absoib neutions. Moreover, 
in a natmal uranium pile operated for 
power the proportion of U-235 would 
soon drop to a level where it could not 
maintain a profitable chain leaction in 
the contammaled fuel. The poisoned 
and diluted uranium probably won] cl 
have to be lemoved after but a small 
part, perhaps oile per cent, of its fis- 
sionable atoms bad been used. Should 
tlie uranium be leprocessed by chemical 
removal of the fission pioducts and re- 
turned to the pile? That would be a 
costly process, because the chemical 
ti*eatnient of the In'ghly radioactive ma- 
terial must be caiiied on by remote con- 
ti’ol. Should the reactor be enxiched with 
booster poitions of fissionable material? 
Should it be operated on slow neutrons, 
intermediate neutrons (less moderator) 
or fast neutions (no moderator)? These 
are the principal questions that tlie Com- 
mission is now about to investigate. 

Breeding 

The answers to most of them may be 
provided by tests of an idea on winch 
AEC IS staking most of its hopes— a 
‘breeder” reactor that would produce 
new fissionable atoms as fast as it used 
the old ones up. Tliis is still only a the- 
oretical concept, but hopes are encour- 
aged by preliminary studies of the idea 
in the fast reactor at Los Alamos. The 
theory rests on the fact that when a 
U-235 atom fissions, at least two neu- 
trons are produced. The precise number 
is a secret, but the AEC has stated that 
the average is between t^vo and three; 
the possibility is not excluded that it is 
more than three. Suppose that a reactor 
could be built so efficiently that hrom 
every fission two neutrons were available 
for useful captoe. One wonld be taken 
by a U-235 atom and produce a fission 
and energy. The other would be ab- 



sorbed by a U-238 atom and produce an 
atom of fissionable plutonium. Thus the 
leactor, while pioducmg eneigy foi 
powei, would constantly replenish the 
supply ol fuel and souice of neutrons. If 
moie than two usable neutions could be 
realized from each fission, the reactoi 
would actually produce moie fissionable 
material than it consumed. The AEC has 
aptly named the idea “Operation Boot- 
strap.” 

In such a reactoi a blanket of natm al 
uranium around the fissioning material 
would absoib the excess neutrons and be 
converted into fuel. By recovering the 
fissionable plutonium so manufactmed 
and adding natuial uranium to the re- 
actor from time to time, it would be 
possible to keep the reactor going in- 
definitely. And thorium would serve as 
well as uianium, for the original capital 
investment of fissionable U-235 or pluto- 
nium could be used to conveit thorium 
into U-233, which in turn could continue 
the transformation of thorium into fuel. 

The AEC’s General Advisory Com- 
mittee of scientists has reported, how- 
ever, that “the engmeeiing difficulties 
associated with breeding aie enormous ” 
To achieve the goal ol two usable neu- 
trons per fission would lecpine reducing 
neutron losses in and from the rcacToi 
to an cxtiomely low level. On ibe other 
band, the requirements for a powci 
reactor— high operating level, coolant 
system, and so on— lend to iuciease the 
loss ol neutrons. Moieover, the chemical 
recovery of the new fuel l^red in the 
uranium or thoi lum blanket would be no 
small job. The radioactive metals must 
be treated behind heavy shielding by 
remote control; recovery of the fission- 
able material must be virtually complete 
at each stage to maintain the level of 
original caiDital in the pile; and the 
treatment must be lepeated many times 
until tlae fuel is completely consumed. 
There is also the problem of the removal 
of fission products from the power- 
producing part of the pile. And finally 
there is the question of managing the 
neutrons so that half are captuied by 
fissionable atoms and half by U-238 or 
thorium atoms. 

All these manifold problems help to 
account for the AEC's long hesitation 
about undertaking a specific project. A 
reactor is expensive to build: about $25 
million in round figmes. In the absence 
of an emergency such as justified the 
bomb, or of public awareness or concern 
about the problem, the Commission has 
been slow to decide on costly^ uncertain 
experiments. In a field still characterized 
by few facts and many theories, the 
scientists, engineers, military men, con- 
tractors and administrators within the 
AEC have had sharp differences over 
plans and proposals, with the result that 
some of the ablest reactor investigators 
have resigned from the project. Early 
this year die Commission determined to 


make a beginning, howevei modest in 
aim. To head the leactor piogram it en- 
listed Lawience R Hafstad, a Carnegie 
Institution nuclear physicist who woiked 
on the proximity tuse at Johns Hopkins 
University during the wai and came to 
the AEC horn the militaiy Research and 
Development Boaid It allotted $120 
million to the le actor program and de- 
cided to go ahead with the construction 
of lour power leactois. None of the four 
pi onuses to pioduce economical powei, 
the ho 2 :)C m these expeiimental models 
IS simply to show that usable powei can 
be achieved and to learn how to go on 
fiom theie. Two or three ol the reactoi s 
will be built in a huge, isolated testing 
area ol 400,000 acres just acquired by 
the AEC near Pocatello, Idaho. The 
fourth will be constructed by the Gen- 
eral Electiic Company as contractor at 
West Milton, near Schenectady, N, Y. 
The lesearch center for the whole AEC 
leactor progiam is at the Argonne Na- 
tional Laboratory, operated by the Uni- 
versity of Chicago. 

The Four PiojccLs 

The fiisl project is a mateiials test- 
ing loactor to be built by Aigonne in 
Idaho. Its puiposc will be to investigate 
the rcae lions of a great vaiioly oi pos- 
sililc reactor materials to an intense 
neutron flux, lai bighca' than that in the 
liaiiloid piles. To i educe the problem to 
the single vaiiable ol luduilion ellects, 
this reactor will not test the effects of 
heat, it will be cooled to moderate tem- 
peratures by lapidly circulating water. 
It will use emu died fuel, providing a 
surplus of neutions so a great deal of 
lest material may be loaded m its pockets 
without stopping the chain reaction. It 
may also be the first leactor to use 
beryllium as a moderator— an important 
point to investigate because graphite and 
heavy water appeal unsuitable as mod- 
erators in a liigb-power reactor. The 
materials reacloi is expected to be com- 
pleted by 1952. 

The second reactor is military: a 

REACTOR PRINCIPLES are illus- 
trated in these schematic diagrams. 
Basic pile type of reactor (1) is a 
lattice of uranium slugs, shown in 
red, and graphite blocks, with cad- 
mium or boron control rods and cir- 
culating water or air as coolant to 
prevent overheating. Proposed breed- 
er reactor (2) would have a blanket 
of natural uranium or thorium 
blocks, shown in pink, which would 
be converted to fuel. “Homogeneous” 
reactor (5) has uranium salt and 
moderator mixed together in solu- 
tion. Proposed power reactor (4) 
will circulate liquid metal coolant 
through hot pile and then to heat 
exchanger, there heating steam to 
run turbine and produce electricity. 
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NEUTRON DIFFRACTION technique, developed by AEC workers, is illus'- 
trated by these striking Laue photographs of crystals. Alcove is x)icture of 
quartz structure. The method provides a new tool for study of molecules. 



COMMON SALT CRYSTAL (NaCl) nlade this photograph. Because ueu** 
trons are scattered only by tire nucleus of an atom, they can show the molec- 
ular position of a light atom (e.g., hydrogen) undetectable by X-rays. 


nucleai inotoi foi the Navy, to be de- 
signed by the Argoiiue Laboratoiy and 
built m Idaho by the Westmglioiise 
Elcctuc Coiporation. Using em idled 
uianiLim as fuel, it will operate at some 
60,000 kilowatts and at a high tempera- 
ture, possibly 2,000 degrees F. The plant 
is to be a prototype for a ship’s engine. 
Its design is still in eaily stages, but theie 
has already been considerable discussion 
o{ its possibilties Its most likely use 
would be in a submaime. A single charge 
of nucleai fuel could propel a ship for 
tens of thousands of miles. Since the 
motoi would need no oxygen, a sub- 
marine could ciuise under water for 
months The great weight of batteries 
in a conventionally powered sulimaiiiie 
would be eliminated, and it has been 
suggested that the sea water normally 
earned in its ballast tanks could seive 
as part of the necessaiy shielding for 
the radioactive motoi. This reactor will 
cost some $30 million. The Commission’s 
decision to undeitake a leactor loi the 
Navy lather than one for a bombing 
plane as its first mditary pioject was dic- 
tated by the inescapable logic of the 
pioblem—bcloie one can liuild a nuclear 
motor light enough to be cairied in a 
plane, it is nccessaiy to find out whether 
a workable motor can be built at all. 

Even if it succeeds, however, the 
naval reactor at best will be a lorced 
plant, possibly justified by military needs 
but f aulas tically uneconomic for any 
other pill pose. The piospects lot prac- 
tical powei will depend mainly on the 
Commission’s two other leactor projects, 
both of which will test the bieedmg 
principle. 

The fiist of these is a fast leactor, 
using cmiched uranium fuel and no 
moderator. Such a reactor offers the best 
possibilities for breeding because it 
promises the smallest neutron losses 
within the system. It will use a new type 
of coolant for the tiansler of its heat. 
Water obviously is out of the question, 
not only because it absoibs neutrons but 
also because in a high-temperalmq le- 
actor it would become high-pressure 
steam. That would demand thick pipes, 
resulting in greatei loss of neutrons, and 
would compound the conosion problem. 
The most promising coolant appears to 
be a liquid metal— one that liquefies at 
a relatively low tempeiature and absorbs 
few neutrons. These specifications are 
met by sodium, bismuth or lead. The 
metal, after being heated in the reactor, 
will flow tbiough coils in a water boiler, 
heating steam which will be used to pio- 
duce electricity. Since little or no radio- 
activity will be transferred Irom the 
metal to the water, the steam turbine will 
need no shielding. 

A fast reactor, however, has an im- 
portant defect as a power source; it 
yields its energy in too small a space. 
Comparatively little pipe surface could 
be packed mto it for the transfer of its 


heat to the coolant. An attempt to le- 
move this clilRciilty will be made m the 
fourth leactor, to be built by the Cen- 
eial Electiic Company. It will be an 
inteimediate icactoi, using little mod- 
el atoi and neuti'ons of inteimediate 
speed. It will be consideiably laigei 
than the fast bieedei, and will opciate 
at a lowei temperatme, m the range of 
400 to 1,000 degiees F This reactoi will 
cost about $18 million and may be com- 
pleted in 1952. Most ol the ComrnissioiTs 
hopes for demonstrating the practicality 
of atomic powei aie lidmg on this 
pioject. But it is a fundamentally new 
experiment, no reactoi has yet been 
built to operate m the inlciinediatc- 
eiieigy range While neutions of intei' 
mediate speed favoi the bleeding of 
fissionable matciial, they aie unfavor- 
able to fission and a chain reaction, the 
pioblem will be to design tire leactor 
so that the fuel can capture enough 
neutions to maintain the chain. It will 
use enriched fuel. 

How Much Fuel? 

Is theie enough available uranium in 
the world to make the stiiiggle to de- 
velop its power polentialities worth 
while? Investigations indicate that the 
answci is clcaily yes. Jf breeding works, 
all of the fairly abundant U-238 and 
thoiium that can be exU acted from the 
earth can be convcilcd into fissionable 
fuel. The known dcpositsof luaiuum oies 
of commercial grade (at least one pei 
cent uranium) coiitam an estimated iOO 
million pounds of uranium— m terms of 
contained energy that would be enough 
to supply the entire power needs ol the 
world for at least 50 yeais at the pres- 
ent late of power consumption from 
ail sources In addition, the earth con- 
tains an equal amount ol available 
thorium. Uranium and thorium together 
represent a potential wealth of power 
greater than the world lesouices of 
petroleum. If methods weic found for 
using low-grade ores, they might even 
exceed the powei potential of the earth’s 
coal. 

In view of the multitude of unsolved 
problems that stand m the path to 
nuclear power, attempts to foiecast 
whether uranium will compete as a fuel 
with coal obviously can be little more 
than guessing games. Early post-bomb 
estimates by engineers calculated the 
cost of nuclear power at from 4 to 10 
mills per kilo watt-hour, which would 
place uranium almost on a par with coal 
and give it an advantage in areas re- 
mote from coal sources. But these com- 
putations admittedly were based on ex- 
ti'emely meager data. There are persons 
close to the atomic energy program who 
believe that at best the power project 
will be an interesting and costly experi- 
ment, possibly demonstrating that power 
reactors may be usable for certain special 


pm poses, but unlikely to prove that 
uianium is feasible as a common source 
of energy. Among those who hold this 
view IS J Robeit Oppenheimer, the wai- 
time diiector of the Los Alamos group 
that pioduced the bomb, and now the 
chan man of the AEC's General Advisory 
Committee. 

Yet to dismiss the possibility of the 
constuictive use of atomic power at this 
stage would be as pointless as it would 
have been a century ago to dismiss 
Michael Faraday’s discovery of the in- 
duction of electric cuiients. The one 
ceitamty in science is that it is unpre- 
dictable, and the solution of the atomic 
power problem may well he along roads 
still unseen The discoveiy, for example, 
of laige-scale uses for the tioublesome 
ladioactive fission pioducts would go a 
long way toward reducing the power 
cost; properly safeguarded, they might 
perhaps be used for energy, foi kill- 
ing bacteiia, as industrial tiaceis, and 
so on. Some investigators envision a 
homogeneous leactor, on the principle 
of the “water boilei” at Los Alamos, 
that would pioduce power, manufactuie 
fissionable material, leprocess the fuel 
and lemove wastes— all m one continu- 
ous circulating system. Some even dream 
of short-cutting most of the problems by 
finding a way somehow to convert the 
nucleai ladialions m a leactor directly 
into olectiicity instead of heat. 

At all events, no one in the AEG 
doubts that the U.S. should push the 
furlhei exploration of atomic energy 
with all possible speed, if for no other 
reason than that other nations aie doing 
so The Biitish, who have a 6,000-kilo- 
watt pile, known as Bepo, aie believed 
by some to be ahead of the U.S. in the 
study of the power problem. Already 
there are four known lesearch reactors 
in 02 ^ oration outside the U.S.— one at 
Chalk River, Canada; two at Harwell, 
England; and one neai Paris, France. 
And, as Aithur Holly Compton, Chan- 
cellor of Washington University, ob- 
served recently, it would not be surpris- 
ing if the Russians also had at least one 
ojDerating reactor. 

The reactor 2 )rogram has been dis- 
cussed at some length because it is the 
heart of the whole atomic energy enter- 
l^rise- if one thinks in terms of peace 
lather than war. From that point of view 
the “atomic age” is still m the future. 
The AEG hopes to produce a function- 
ing power reactor in five to 10 years and 
an economically practical one in 20 
years. Whether it will achieve that aim 
may depend as much on politics as on 
research. For it is idle to pretend that 
atomic bomb-making does not seriously 
impede die development of atomic en- 
ergy for peaceful purposes. “Guns-or- 
butter” issues arise at many points— in 
the budget, the use of uxanium, the re- 
cruitment of personnel, security restric- 
tions, the control of research. The 


specific conflicts can be seen by examin- 
ing the AEG ojieiation. 

From the Congo to Los Alamos 

The Atomic Energy Commission is a 
^leculiar hybrid compounded of many 
contradictions The basic one is that it 
is a civilian agency whose principal 
concein is making wea^ions. Theo- 
letically an mdependent body, it is 
under close surveillance by a s^iecial 
Joint Committee of Congiess, is linked 
directly to the National Klihtary Estab- 
lishment through a Military Liaison 
Committee, and m addition is watched 
over by an mdejiendeiit General Ad- 
visory Committee appointed directly by 
the Piesident. Most unusual of all, it is 
a Government enteipiise that delegates 
nearly all its work to iiidepeiiclent opera- 
tois— as it the Post Office Depaitment 
were to farm out the management of 
2 :^ost offices to jiiivate conti-actors. All 
of the Commission's important installa- 
tions, even its scientific laboratories, are 
oy^eiated by industi'ial or univeisity con- 
tractors. Of the 68,000 persons working 
in the atomic energy undertaking, only 
4,500 aie direct employees of the Com- 
mission; the rest woik f oi the conti'acting 
0^)61 atois. 

The AEG f)iO]ect is a vertical o]pera- 
tion, covering tlie whole range from law 
mateiials to finished jiroduct. It begins 
with the ];5i‘ociirement of uianium ore. 
The three most im^ioitant uranium 
sources in the world are at Joachimsthal, 
Czechoslovakia, in the Belgian Congo, 
and at Great Bear Lake, Canada. It is 
no secret that most of the AEC’s mxuhum 
has come from the rich Shinkolobwe 
mine in tlie Belgian Congo, with the 
Eldorado mine at Gieat Bear Lake as a 
second source. The pitchblende ores of 
the Shinkolobwe assay up to 50 per cent 
uramum; those of the Eldorado, 10 per 
cent The U.S, itself has no known de- 
posits of high-grade ore. The carnotite 
rocks of the Colorado Plateau, the only 
U.S. soui’ce of any consequence, con- 
tain at best only about one tenth of one 
2 :)er cent uranium. To spur the search 
for domestic uramum, tire AEG has re- 
cently opened a field office at Grand 
Junction, Col., and has offered a bonus 
of $10,000 foi tire discovery of high- 
grade deposits. 

The next stage in the AEG chain of 
opeiations is purification of the manium, 
not to ordinary industrial standards but 
to pharmaceutical standards of purity, 
with impurities only a few parts per mil- 
lion. More than 30 contractors in many 
cities are engaged in this woik, turning 
out pure uranium by tire ton. The prin- 
cipal plants are at St, Louis, Cleveland 
and Niagara Falls, 

Their product goes to the AEC’s two 
huge plants for the production of fis- 
sionable materials for bombs. These are 
Hanford’s plutonium-producing piles 
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BRITISH REACTOR is called Gleep for graphite low-energy experimental 
pile. In the face on the right are holes, or ^^ports,” for samples of malerial 
which are inserted in pile for irradiation to make radioactive isotopes. 



FRENCH REACTOR uses uranium oxide as fuel and heavy water as moder- 
ator. It ope^rates at very low power and can be utilized only for research. Its 
prmcipal function is to proyxde neutrons for study of their various effects. 


and Oak Ridge s K-25, the gaseous dih 
hision plant that sepaiales U-235 from 
U-238. The feed material lor the piles 
is pure uianuim metal, for the gaseous 
diffusion process it is uranium hexa- 
fluoiide (UFj}), The gas is blown 
through a series of thin poious barneis 
wdth extremely fine holes. At each bar- 
iier, the U-235 atoms, being lighter and 
therefore fastei, get through moie rap- 
idly than U-238. Hence successively 
richer concentrations of U-235 aie 
segregated To achieve the enrichment 
necessaiy toi a bomb, a given batch ol 
feed material must be cycled through 
at least 4,000 banieis, a process that 
takes mondis. Nevertheless the gaseous 
diffusion method has pioved to be the 
best and least costly ol the several 
U-235 sepazalion processes developed 
simultaneously dining the war. The 
$350 million electromagnetic separation 
plant at Oak Ridge, known as Y-12, 
which pioduced U-235 for the fiist 
bomb, was shut down a year and a half 
ago and now houses biological laboia- 
tories. I'he AEG is building a huge 
addition to K-25 and planning still an- 
olhei gaseous diflusion plant. And at 
Hanfoid it is also constiucting new 
plants, doubling the $350 million war- 
time investment in that installation. 
Sinc‘e it took over Irom the Manhattan 
District, the Commission by improving 
efficiency and expanding plants has sub- 
stantially 1 educed the cost and increased 
the pioduclion ol fissionable material. 

Theoretically the mounting stockpile 
of U-235 and plutomum is equally 
usable foi peacchil or military purposes, 
and might some day be translated from 
swords into plowshaies Actually, how- 
ever, it IS pioduced at a cost that can 
be justified only by mihtaiy needs. The 
pzoduction methods jequired to pro- 
duce bomb material aie so wasteful 
that they reduce lather than increase the 
store of potential uranium lueL The 
U-238 that lemains when U-235 is sepa- 
rated liom it is merely a waste pioduct; 
it has lost its value as a possible fuel 
unless recombined with U-235. Simi- 
larly, in the pioduction of plutonium in 
the Hanfoid piles most of the U-238, 
and even of the U-235, is lost. After a 
relatively small proportion of the U-235 
in a uranium rod has fissioned to produce 
plutomum, the plutomum is extracted 
and the I'emaining uramuin, contami- 
nated with fission products, is buried as 
waste. It is questionable whether it will 
ever be worth while to reclaim this ma- 
terial for use in a powex reactor. In 
short, the atomic bomb program has 
simply skimmed the cream from the 
huge amounts of uianium it has con- 
sumed. This cream, if released to pacific 
purposes, might be used to enrich the 
fuel in power reactors, but it would be 
an extravagant method of enrichment. 

The final stage of the AEG produc- 
tion chain is, of course, the development 


and nianiihictinc of bombs at Los 
Alamos. By unflagging research the 
Commission has substantially increased 
the powei of the bomb; its new designs 
were successfully tested at the Emwe- 
tok Proving Giounds last yeai In the 
coming year the Commission will spend 
$210 million loi the furthei development 
and manufactiue of boml^s, plus $300 
million for the pioduction of fissionable 
mateiials. Although the rate of produc- 
tion of bomlis IS one of the most care- 
lully guarded of the AEC's secrets, it 
can be a secret only m detail On the 
basis of known and imconcealable facts 
about pioduction methods, any knowl- 
edgeable physicist or engineei can make 
a shrewd guess, with confidence that his 
guess is not wiong by a huge factoi, 
that the AEC is probably pioducing a 
ton or two of fissionable mateiial, per- 
haps enough for 100 to 200 bombs, 
per year. 

Effects of Kadiation 

Besides bombs and reactois, the 
Atomic Energy Commission has a third 
concern which is inherent in its assign- 
ment the effects of nuclear radiations 
as a new factor in the human and natu- 
ral environment. The Commission is 
studying tins phenomenon at every sci- 
entific and technological level. At Oak 
Ridge its biologists aie e.xamining the 
effects of neutron and gamma radiations 
on the chromosomes of the most eleinen- 
taiy organisms, and on the protoplasm 
and physiology of mice and rats, some 
of which they arc exposing to the intense 
flux in the interior of the uranium pile. 
At Biookhaven rcsearcheis m various 
sciences will investigate the results of 
the operation of a reactor on every 
aspect of the surroundings: the atmos- 
phere, soil, ground water, rocks, natural 
animal life, and so on. The object will 
he to determine safe levels for the dis- 
charge of radioactive gases from a re^ 
actor smokestack and safe methods for 
the burial of wastes. At a number of 
universities workers under contract with 
the Commission are studying the effects 
of long-continued, low-level radiation on 
plants and animals, the genetic results of 
1 adiation and a host of other problems. 
At the University of Rochester biochem- 
ists are testing various drugs and hor- 
mones as treatments foi radiation sick- 
ness. In Japan AEC investigators are 
conducting a long-term study of the 
Hiroshima survivors. And at various cen- 
ters m the U.S AEC consultants are con- 
sidering defenses and protections against 
atomic bombs. 

Provider for Science 

In the opinion of Lilienthal and his 
colleagues, the AEC's assignment does 
not end with matters directly related 
to uranium fission. Broadly speaking, 


' atomic eneigy"’ can be construed to em- 
biace al] of micleai physics and large 
areas of the other physical and biological 
sciences— and the AEC has so construed 
it. On the theory that the nation’s eco- 
nomic and military strength depends not 
only on atomic mmament but also on 
scientific and technological progress 
“right across the board,” the Commission 
IS supporting an astonishingly broad 
spectrum of reseaich. Its pending budget 
proposes to provide $55 million for 
physical lesearch and $33 million for 
work m biology and medicine in the 
coming year. The gi eater part ol this 
will be spent foi th^e construction and 
operation of its own laboiatoiies, but 
some $20 million will go to universities. 
Most of the AEC’s university grants aie 
distributed through the Office of Naval 
Reseaich (Scientific American, Feb- 
ruaiy) for basic work m science The 
extent to which physics m the U.S. now 
is dependent on AEC support is indi- 
cated by the fact tliat a majority of the 
papers published in physical journals 
lepresent woik clone m AEC laboiatoiies 
or by its contiactois. 

The range of the AEC’s interests can 
liest be shown by mentioning some of 
the activities ol its principal laboratories: 

Oah Ridge National Laboratory, opei- 
ated by the Carbide and Caibon Chem- 
icals Coiporadon, is the site of the 
AEC s most important contribution to 
science thus far. the manufacture of 
radioactive isotopes. From Oak Ridge 
rnoie than 5,000 shipments of isotopes 
have been divSlTibuted to researchers and 
physicians thioughout the U.S. and m 
21 foreign coimtiies. Its reactoi is also 
a busy center of neutron research. The 
lamous south face of the pile is fes- 
tooned with instruments and experi- 
ments. One of the most exciting is E, O. 
Wollan’s and C. G. Shull’s study ^ of 
molecular structure by means of the 
technique of neutron diffi’action, which 
for the first time has made it possible to 
determine the position of a light atom 
such asTiydrogen in a compound mole- 
cule. At Oak Ridge has been developed 
much of the new science of radiochem- 
istiy— the chemical behavior of radio- 
active elements and compounds. In its 
biological laboratories studies are being 
conducted not only of radiation effects 
but of photosynthesis and otlier basic 
phenomena- A new research device at 
Oak Ridge and at the Argonne Labora- 
tory is the so-called “isotope farm,” 
where radioactive material is fed to fox- 
glove to produce radioactive digitalis, 
to poppies to yield radioactive morphine, 
to animals to synthesize radioactive 
insulin 

Argonne National Laboratory, oper- 
ated by the University of Chicago, is 
principally concerned with research on 
the design of new reactors. But it also has 
large physical, chemical and biological 
laboratories, for which new buildings 


aie now under consti action. Nearing 
completion is a four-million-volt Van 
de Graaff generator for basic nuclear 
studies. 

Bwokhaven National Laboratory on 
Long Island, operated by a group of nine 
northeastern universities, is pi ejected 
as the foremost AEC center for funda- 
mental reseaich It will have a 5,000- 
kilowatt reactor, now almost completed, 
designed specifically as a research tool, 
a 3.5-milhon-volt Van de Giaaff genei- 
ator, a 30-nullion-volt cyclotron, and a 
massive proton-synchroti on, which the 
laboratory calls the “cosmoti'on,” that 
will acceleiate protons to the stupendous 
velocity of two to three billion elecUon 
volts. Though Brookliaven is still m 
swaddling clothes, it has akeady begun 
some interesting studies of cosmic rays, 
radiation effects, new instiuments 

Los Alanios Scientific Laboratory, 
operated by the Univeisity of California, 
is primarily concerned with the design 
ol weapons, but it has puisued a num- 
ber of investigations of the most funda- 
mental chaiacter in nucleai physics Its 
physicists were the first to liquefy and 
study the properties of the rare isotope 
helium 3 just to make sm*e that the 
AEC IS not overlooking the possibilities 
of chain reactions othei than from fission, 
lliey have been dabbling m llie study 
of nuclear leactions among the light 
elements. The Los Alamos physical 
laboratory, described as one of the 
best 'equipped m the world ( no outsider 
IS permitted to enter it), has two re- 
search reactors, a cyclotion, a betatron, 
a Cockcroft-Walton accelerator, a 2,5- 
million-volt Van de Graaff accelerator, 
a 12-million-volt Van de Graaff abuild- 
ing, and a staff of some 1,600 scientists 
and technicians. 

University of California Radiation 
Laboratory, operated by the University 
as an AEC research center, contrihute.s 
to the Commission’s nuclear studies tlie 
world’s most powerful existing acceler- 
ator, California’s 300-million-volt cyclo- 
ti-on. The Commission’s plentiful funds 
will also make possible the building of 
California’s far more ambitious project— 
a $9 million pi oton synchrotron designed 
to bombard nuclei with particles of six 
to 10 billion electron volts. 

Ames Laboratory, operated by Iowa 
State College, is the chief AEC center for 
research in the metalKugy and chem- 
ist! y of uraninm, thorium, beryllium and 
other basic reactor materials. It is do- 
ing some pioneer probing into the rare 
earths (which incidentally are neither 
rare nor earths ) —elements tliat appeal as 
fission products and show some promise 
as metal alloys. 

In addition the AEC has a number of 
other laboratories, either directly under 
its supervision or working on large con- 
tiucts for it: at the Hanford Plutonium 
Works, operated by the General Electric 
Company; at the University of Roches-* 
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ter, at General Electiic s Knolls Atomic 
Po\^^ei Laboiatory. 

Thus the Atomic Eiieigy Commission 
oEeis to science and technology un- 
precedented machines, facilities and 
opportunities Only in its laboi atones 
can physicists woik with reactors, with 
plentiful somces of neutrons and with 
some of the strange new techniques and 
instruments born of atomic eneigy. The 
AEG also pi offers other attractions-bet- 
ter pay than in a univeisity (for young 
scientists), opportunity tor full-time re- 
seaich without teaching duties, ample 
funds foi expeiiments. Yet the AEG does 
not especially attract scientists, and its 
greatest single pioblem is the difficulty 
of reciuitiiig able woikers and admin- 
isti'ators. Few fiist-rank scientists have 
remained in the project Univeisity 
science and engineering departments 
have observed that their young gradu- 
ates seem to prefer a university post to 
working foi the Atomic Eneigy Com- 
mission. And although the AEG has 
urged university scientists to make use 
of its laboratories, relatively few have 
availed themselves of the invitation. 

Seemly 

Uiiquestioua]:)ly one of the important 
reasons is the secrecy that hangs over 
the project. The Commission has made 
resolute efforts to ameliorate this for- 
bidding atmospheie. In tlie past year it 
has noticeably impioved the moiale of 
Its staff. It has sought to make life 
in the AEG communities more nearly 
normal and to carry out the injunction 
in the Atomic Eneigy Act to piomote 
'That free interchange of ideas and 
criticisms which is essential to scientific 
pi ogress.” It has encouraged its re- 
searchers, past and present, to publish 
their non-secret work, though with less 
than perfect success; a vast amount of 
old work which no longer affects security 
remains unpublished simply because its 
authors have not taken the trouble to 
get it declassified. The Gommission also 
recently established unclassified areas in 
basic science, permitting free communi- 
cation in these fields without censorship. 
These areas, which clearly involve no 
dangei of breach of security, include 
mathematics, theoretical physics except 
as it applies to fission and weapons, the 
physical propeities (except nuclear) of 
the elements below 90 (thorium), the 
basic chemistiy and metallurgy ' of ele- 
ments below S3, the design and use of 
nuclear instruments such as accelei ators 
and radiation deteetdrs. (The manufac- 
ture of the latter is now an active, $4 
milliqn-a-year U.S. industry.) In addi- 
tion, many phases of fission and reactor 
theory are now declassifiable. 

Nevertheless, the AEC's security con- 
trols remain severe and orpnipresent. 
Recent newspaper headlines to uie con- 
trary notwithstanding, the Commission 


has policed the piojcet more slnctly 
than the Aiiny did dining the wai. Of 
the Commissions 4,500 employees, no 
fowei than 1,800 are .secmity officers, 
employed lull time as guards, escoits, 
and so on. Its contractois also have then 
own secmity oiganizalions. The Com- 
mission has instituted strict accounting 
systems for its documents and materials. 
In most AEG Jaboratoiies, offices and 
othei installations, no visitor may move 
anywhere, even from one office to ibe 
next, without an escoit. Three quarteis of 
the lesearch m the Commission's labora- 
toiies is secret: of some 2,000 reports 
made by its scientists last year, nearly 
] ,700 were classified. To clear a lesearch 
worker or consultant foi access to classi- 
fied AEG data oi areas requires an FBI 
investigation, and the piocess takes at 
least three months. It is all but impos- 
sible to obtain cleaiance foi a scientist 
who IS not an American citizen— oi who 
has a relative with a record of ladical 
activities Typical of the rigor of the 
secuuty regulations ns the case of a re- 
cent application ioi a leseaich grant 
The applicant, who had pieviously done 
secret work, unthinkingly stamped his 
application “Secret ” It took a month for 
the Reseaich Division at AEG headejuur- 
ters in Waslniiglou to get the document 
declassified and to discover by inipiiry 
that the study the applicant proposed to 
make involved no secret information. 

The money cost of all this scciecy is 
substantial, the Commission has spent 
millions of dollais for fences alone. Tlie 
cost in inconvenience and the isolation 
of the atomic eneigy project from m- 
dustiy and the general community ot 
science is incalculable. An Industrial 
Advisory Group recently surveyed the 
pioject at the Commission's invitation to 
determine how U.S. industry might lake 
a moie active pait m atomic eneigy 
developments. It reported that the “bur- 
densome” security regulations consti- 
tuted a “formidable impediment to any 
attempt to study and under stand the 
enterprise,” and to the enrichment of 
U.S technology by the engineering in- 
ventions developed in the project. 

The impediment is less apparent in 
science than m technology, for most ot 
the basic knowledge in nucleai and 
allied science cannot be and has not been 
secret. Communication among scientists 
in the fundamental disciplines is com- 
paratively free. Neveitheless the climate 
of secrecy is infectious, and its encroach- 
ment upon pure science is not inconsid- 
erable. One of the many small but sig- 
nificant examples is the fact that the 
X-ray laboratories at the AEC's Univer- 
sity of Rochester center are a restricted 
area, for no reason that anyone can ex- 
plain The Commission has been in- 
creasingly aware of the subtle form of 
paralysis that stems from secrecy, and of 
the truism that whan one locks a labora- 
tory he locks out more than he locks in. 


The hisLoiy of science possibly conUuiis 
no inoie nomc example demoustialmg 
tins truth than an incident that occuiied 
within the atomic eneigy progiam itself. 
One of the most impoitant events m 
physics since the war was the creation 
of artificial mesons m the cyclotron of the 
Univeisity of Califoima Radiation Labo- 
latoiy Yet the event was not known to 
the laboratoiy physicists when it took 
place, its discovery came about tbiough 
the visit of an outsider— and a foreignei 
at that. Not until the biilliant voimg 
Biazilian mvestigatoi ot cosmic lays, 
C. M G. Lattes, advised the laboi atoiy 
u'orkeis on bow to develop tbeii photo- 
giapbic emulsions did they learn that the 
cyclotion had been manufacturing me- 
sons foi months without then knowledge. 

The Quandary of Scientists 

The paiadox o! scciecy is that the 
lurthei it spreads the more it defeats its 
own puipo.se. The leal scciels in the 
atomic, eneigy program are the engineei- 
mg and chemical processes loi the piui- 
fication oi uianium, the .separation of 
U-235, the extraction ol plutonium and 
the design and construction of the 
1)ombs. Yet for scU-piolection against 
|)ohlicians uleiL loi the betiayal ot 
ianeicd secrets, the Atomic Eneigy Com- 
mission not only must guaul what is 
actually secret but is loiccd to create a 
bureaucratic .structure of security that 
is m tlic highest degiee (lislasteKil and 
discouraging to prospective reciuits. To 
submit one's private affairs and family 
to investigation by the FBI, to cut one- 
self off from full communication with 
one’s fellows in science, to place oneself 
at the mercy of Congressional dema- 
gogues, to live with what a great scientist 
formeily in the project dcsciil^es as “a 
constant cieepy feeling of being under 
surveillance”— these are haidly invita- 
tions to a career. It is small wondei, 
therefore, that the atomic energy enter- 
prise has little appeal foi many scien- 
lists. At its most extreme, the revolt of 
seienlisls finds a symbolic expiession in 
the great Austrian physicist and Nobel- 
ist Wolfgang Pauli, author of the “ex- 
clusion principle,” who sat out the war 
at the Institute for Advanced Study m 
Princeton, steadfastly refusing to listen 
to any secrets or to have anything to do 
with secret projects At the end of the 
war he withdrew to the peace and quiet 
of his piofcssorship at the TecJinlscJie 
Hochscliule m Zurich, Switzerland (he 
will return to the Institute next fall) . 

Of the leaders m science wdio were 
associated with the making of the bomb, 
nearly all have now retired to more 
pleasant woik. J. Robert Oppenheimer 
is director of the Institute for Advanced 
Study. Harold Urey is investigating the 
radioactivity of fossils and the tempera- 
tures of ancient seas. Leo Szilard has 
abandoned nuclear physics for the study 



of bacteiiophagcs Willard Libby, of the 
University ol Chicago, is studying the 
ladioactiVJty of Egyptian nniminics. 
Eniico Fermi, Hans Bcthe, Eugene 
Wignei, Philip Moiiison, J. A. Wheeler 
and the rest of the company of theo- 
reticians in physics have returned to 
puie science. Many of these men con- 
tinue as consultants to the atomic enei gy 
pioject, and some are being suppoited 
m their own woik by AEG grants, but 
the AEG is not their principal inteiesl 

It would be a gioss oversimplification 
to attiibute then departure simply to the 
iiksome secunty lestrictioiis. They have 
finished their waitime job, have found 
work that is more fun, piefer the stimu- 
lating intellectual atmosphere ol a uni- 
veisity to the gum environment of 
bomb-making. Indeed, considering the 
supeiior attractions of the campus cli- 
mate, it is remaikable, as Oppenheimer 
points out, that the Atomic Eneigy Com- 
mission has held the interest of as many 
able scientists as it has. And when all is 
said and done, AEG money lemains the 
principal support for scientific woik m 
the U.S Science, icmaiks Oppenheimer, 
“has lattened off the bomb.” 

, . if need be to resist . . 

Obviously the coiilmuauce of this 
basis of support is lai fiom dcsiralilc. 
The AEG’s peaceable activities— reactor 
development, subsidies to basic science, 
tiaming of piomismg young scientists 
through its Icllowship program— are so 
closely associated with the bomb that 
then integrity is in senous jeopardy. Sir 
Heniy Dale, the distinguished physiolo- 
gist and loimer piesident of the Royal 
Society, lecently observed to the British 
Atomic Scientists Association: 

“I fear that it is becoming almost too 
difficult for some of us even to imagine 
the heedom of cooperation and the 
community of interest among all men of 
vScience . . . winch existed loi centuries 
right up to a time within the memories 
of colleagues oi oius who are still alive. 
... At picsent we have been forced very 
far horn that ideal, and the immediate 
call foi our effort may be to challenge, 
to examine, and if need be to lesist any 
move or threat to push us farther down 
the slope ” 

One necessaiy step to that end m the 
U.S, appears to be to divorce as much 
as possible of the Atomic Energy Com- 
mission's scientific and educational un- 
dertaking from the bomb, and transfer 
these activities to a national science 
foundation. 

The “atomic age” admittedly has be- 
stowed upon science an opulence of 
money and equipment such as it has 
never before known. But the feeling of 
most scientists is aptly summed up by 
Oppenheimer: “It would be a healthier 
world if science were supported for 
itself.” 



HANFORD PLANT is one of the two huge production centers of the AEG. 
Its three piles produce plutonium, which is then extracted from the radio- 
active uranium slugs by rcniote-conlrollcd chemical processes carried on 
behind heavy shielding in long concrete structures known as ‘Vaiiyons.” 



K-25 AT OAK RIDGE, the other major factory, is the gaseous diffusion 
plant tliat separates U-235 from U-238. The U-shaped plant is a mile long, 
has thousands of diffusion barriers, thousands of miles of pipe and thousands 
of pumps. It is the world’s largest continuous operation under one rooL 
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SCHIZOPHRENIA AND STRESS 

A report on the significant new finding that schizoid 
patients are unable to vary their production of some 
hormones to adjust to the varying situations of life 


N early half of the hospital beds in 
the United States are occupied by 
patients suflering from mental ill- 
ness, and about a thiid of these patients 
have a psychosis known as schizophre- 
nia or dementia praecox. This is an all 
too common and seiious foim of insan- 
ity, affecting nearly one per cent of the 
population. Biilliant people often de- 
velop it and aie lost to society. 

A quotation from The Biology of 
Schizoplireniay by R. G. Hoskins, de- 
scribes the behavior of these patients; 

“The psychosis represents a bizarre 
mcdange of behavioral normality and ab- 
normality. The core disturbance, the 
so-called process schizophrenia, is per- 
haps still best expressed in [the German 
psychiatrist E.] Kraepelin's definition of 
the psychosis as ‘a peculiar disorganiza- 
tion of the inward coherence of the psy- 
chic peisonality with predominating 
damage to the affective life and will.’ In 
other words, the patient cannot think 
straight, feel straight, or will straight His 
logic limps woefully. He often substi- 
tutes phantasy for reasoning and to him 
argument from analogy is singularly con- 
vincing. . . . 

“It is these latter peculiaiities that led 
[the German psychiatrist Eugen] Bleuler 
to ascribe primary importance to 'disor- 
ders of the association processes.'’ Mem- 
ory and orientation are frequently well 
preserved. The patient often shows little 
disturbance of comprehension. Despite 
fiequent appearances to the contrary, he 
is usually rather well aware of what goes 
on about him. The fundamental disorder 
of the tliinking processes leads ultimately 
to such deviations from normality as 
hallucinations, delusions, poor judg- 
ment, incongruity of emotions— often 
with apparent neutrahty or indifference 
'-incoherence in train of thought and dis- 
placement of normal volitional responses 
by automatic or impulsive reactions.” 

While it is true that everyone probably 
has a threshold beyond which he breaks 
down under the batterings of life, it is 
not true that the mental breakdown need 
take the form of schizoplirenia. Why 
some people develop a crippling psycho- 
sis under very little apparent stress and 
others do not under great stress is a 
challenging mystery. 

It is an article of faith among mgst 
students of the biological sciences that 


by Hudson Hoagland 

human conduct, from the simplest re- 
flex to the mental achievements of a 
Shakespeaie, depends upon the dynamic 
functioning of bodily piocesses and pai- 
ticularly of those of the nervous system, 
which, of course, includes the biain. 
Just as physiological events determine 
mental processes, so we believe that 
mental piocesses can determine some 
physiological events. 

In the following discussion we shall 
not be concerned with the very impor- 
tant techniques of the psychiatiists, who 
are pnmauly concerned with the treat- 
ment of menial disease at the psycho- 
logical level. Rather we shall review a 
specific aspect of the physiology of the 
adrenal gland which appears to be rele- 
vant to understanding the nature of 
schizophrenia. This work has been ear- 
ned out during recent ycais by a gioup 
at the Worcestei Foundation for Exper- 
imental Biology woiking in collaboration 
with the research stall of the Worcester 
State Hospital. The Foundation group 
has consisted primarily of Gregory Pin- 
cus, Hairy Freeman, Fred Elmadjian, 
Louise Romanoff, James Carlo, David 
Stone and the authoi. Valuable coopera- 
tion has been furnished by Roy G. Hos- 
kins, William Malamud, Eliot Rodnick, 
Sidney Sands and David Shakow of the 
Hospital staff. Our studies have been 
aided by the Office of Naval Research, 
the U.S. Public Health Seivice, the 
Williams Waterman Fund of the Re- 
search Corporation, the G. D, Searle 
Company, the Armour Company, the 
Sobering Corporation and Ciba, Ltd. 

The adrenal gland consists of two 
small organs, located on the top of the 
kidneys. The glaiid has an inner region 
called the medulla and an outer part 
called the cortex. The adrenal medulla, 
which secretes the hormone epmephiine, 
or adrenin, plays no significant part in 
the phenomena we aie about to consider. 
The adrenal coitex, however, seems to be 
involved in schizoplii*enia and perhaps 
ill other mental conditions. Dmdng the 
last two decades some 2,000 papers have 
appeared dealing with its physiology and 
the chemistry of its hormones. 

Twenty-eight hormonelike substances 
have been obtained from the adrenal 
cortex, all belonging to the class of com- 
pounds known as steroids. The adrenal- 
cortex steroids, which are quite different 


chemically and in then effects in the 
body from the single lioinione of the 
adrenal medulla, belong to the same 
chemical family as the sex hormones 
Some have not as yet been assigned any 
known physiological role, although the 
i unction of others is quite clear. Three 
hoimones, for example, are piimanly 
concerned with convex ting pi otein to su- 
gar and stoiing this potential fuel m the 
liver. Otheis legulaie the salt and water 
balance in the body, particularly the bal- 
ance of sodium and potassium between 
cells and body fluids which is so essential 
to the normal lunctiomng of the biain 
and other tissues. 

Unlike the adional medulla, vdiich is 
undei direct nerve control, the hoimone 
pioduction and scciction of the adrenal 
coitex IS accelerated by a protein sub- 
stance released into the bloodstream 
from the pituitary gland. This adieno- 
coi tico trophic hormone, or ACTH, is 
discharged Irom the pituitaiy by the 
nervous system, although the exact 
mechanisms are still obscuie. The secie- 
lion of ACTFI is also partly regulated by 
the level of adienal-coitex hormones al- 
ready in ciiculation; the higher this level, 
the less ACTH is leleased 

C ONSIDERABLE evidence, especial- 
ly fioin animal studies, indicates 
that adrenal-cortex hoimones play a sig- 
nificant lole when the organism is under 
stress. The work of Hans Selye and his 
collaborators at the Univeisity of Mon- 
treal (Scientific American, March 
1949) on the so-called “alarm reaction” 
has been especially illuminating, as have 
studies from the laboratories of C. N. H. 
Long of Yale University and Dwight J. 
Ingle of the Upjohn Company. Animals 
forced to exeicise stieniioiisly, or ex- 
posed to extreme cold, surgical injury, or 
injections of toxic agents, show reversi- 
ble anatomical and chemical changes in 
the adrenal cortex. Animals whose ]:>itui- 
tanes have been removed do not show 
these sti ess-induced changes, and those 
deprived of the adrenal cortex early in 
life show marked weakness and lassitude 
followed by collapse and death. These 
latter animals have little resistance to 
stress of any kind. 

Addisons disease in man has long 
been known as a destructive disease of 
the adrenal cortex. It results typically in 
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progiessive lassitude, exhaustion and ul- 
timate death, and psychotic behavior is 
not uncommon. Animals depiived sur- 
gically ol theii adienal coitices and Ad- 
dison’s patients can be maintained m a 
healthy state by admmisleimg adienal- 
cortex hoimones which serve as substi- 
tutes foi the hormones noimally pio- 
duced by the gland. 

During the war Gregory Pincus of the 
Worcestei Foundation and the author 
studied fatigue in aviators and found 
that individual diflerences in lesistance 
to stiess weie con elated with secretion 
oi hormones horn the adienal cortex. In 
subsequent studies we ioiind that a wide 
variety of common woikaday stresses 
pioduced enhanced activity of this 
gland, and later we decided to extend 
our studies to the large group of mental 
patients who have notably failed to meet 
the stresses of daily life. We ajiked our- 
selves whethei these psychotic patients 
might show inadequacies in this very 
general sti ess-response system, Just as 
the engineer tests the strength of struc- 
tural materials by stiessing them and 
measuring the strains, it seemed leason- 
able to stress psychotic patients and noi- 
mal people by the same slandaid pio- 
cedures and compare theii adrenal le- 
sponses. 

A number of methods aic available loi 
measuimg the lunclioning of the adre- 
nal-cortex hormones in man. Because ol 
their fai -leaching effects on metabolic 
pioeesses, the conccntiuUons of various 
substances in the blood and mine indi- 
cate adienal activity. Thus, f. F. 
Dougherty and Abraham White oi Yale 
have shown that certain adrenal steroids 
produce a drop in the number of white 
blood cells known as lymphocytes, 
which make up about 35 per cent of the 
blood’s total white-cell count. They do 
this by converting some of the piotein of 
lymphoid tissue to sugar, which is then 
stored as fuel in the liverj as a result of 
this piolem breakdown an end product, 
uric acid, appears m the urine where its 
concentration can be determined. Other 
adrenal steroids whose chemical compo- 
sition differs only slightly from those 
concerned with protein and sugar me- 
tabolism regulate the excretioii of so- 
dium and potassium, so that changes of 
concentration of these salts in the urine 
are also useful indexes of the relative 
amounts of circulating hoimones. 

Another method of measuring adienal- 
cortex activity depends on the fact that 
the “tiaie” adrenal steroids, m contrast to 
the steroidal sex hormones, have reduc- 
ing properties, that is, they can transfer 
hydrogen atoms to other substances. The 
total amount of reducing lipids, which 
are fats and fatlike substances, in sugar- 
fiee urine consists mainly of certain ad- 
ienal steioids. During metabolism many 
of these substances, but by no means all, 
are converted into l7-ketosteroids (see 
drawing on page 46) The 17-ketoster- 
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THE ENDOCRINE GLANDS all secrete their hormones into the common 
pool of the blood and the lymph. They are thus able to work delicately or- 
chestrated effects on one another. One such connection, which is discussed in 
this article, is the stimulation of the adrenal cortex by a pituitary hormone. 




oids and reducing lipids may be ana- 
lyzed in as little as an hours accumula- 
tion of urine. In men SO to 90 per cent 
of the 17-ketosteioids aie of adienal ori- 
gin, the rest aie from the testes, in 
women piobably 100 pei cent aie fiom 
the adienal cortex. 

Since 1941 we have been studying the 
effects of various stresses on adienal- 
cortex function among normal men and 
women and among mental patients. At 
first the only practical method available 
for measuring these effects was to de- 
termine the concentiation of the 17- 
ketosteroids in tlie urine. During the past 
daree years, however, we have used in 
addition lymphocyte counts and changes 
in imnary sodium, potassium, uric acid 
and the reducing lipids. Our various 
studies have involved approximately 200 
noimal men and women and 100 mental 
patients, for the most part chronic male 
schizophrenics. 

In om experinients we have used such 
cleaily physiological stresses as exposure 
to heat or cold and the ingestion of large 
doses of sugar. All these sli esses increase 
the activity of the adrenal cortex in nor- 
mal people. We have incasmed adrenal 
Kmction befoie and aftei the stress and 
fatigue resulting from piolonged opera- 
tion of a pin suit meter, a iliglit-smiulut- 
ing device that has aiiplaiie-type con- 
trols and IS used to test coordinating 
ability. We have studied activity before, 
dui'ing and after 152 ti’aining flights of 
16 Army insti*uctor pilots; similai tests 
were made of 56 flights of seven civilian 
test pilots. On the puiely psychological 
side, we have also recoided adrenal- 
cortex function duiing interviews, dur- 
ing especially designed frustration tests, 
and dming examinations given to col- 
lege students in legular courses. All of 
these tests, with the exception of the 
last one and the actual airplane flights, 
have been administered both to schizo- 
pln-enic patients and to normal control 
groups. 

Among normal individuals we find 
that, within limits, the gi*eatei the stress 
the greater the hormonal output, and we 


have been able to coi relate measure- 
ments of the degiee of fatigue in the 
pill suit-me ter Lest with adrenal-coi tex 
secietions. Patients suffering liom psy- 
choneuroses (which foi the puiposes of 
this discussion may be regarded as less 
seveie loims of mental breakdown) gen- 
eially exhibited adi'enal responses similar 
to those of noimal peisons, although 
often in somewhat exaggeialed foim 

The schizophrenic group showed a 
striking inability to respond to these tests 
with enhanced steioid output as meas- 
uied by oiii blood and urinary indexes, 
despite the fact that their normal steroid 
secretion, as measuied after 24 hours of 
rest, was little different from that of the 
geneial population. A schizophiemc 
does not have an undeipioductive 
adrenal coitex, as does the sufferer from 
Addison's disease, hut the organ is gen- 
eially unresponsive to sti’ess and cannot 
change its activity with changing situa- 
tional demands. 

One might think that the unrespon- 
siveness was due to lack of mteiest in the 
tests and an other-worldly detachment 
fiom the expeiimentul piocedure, but 
this notion does not account for the facts. 
Both patients and normal contiols were 
exposed to heat oi cold at the same time 
and both groups sweated or shivered 
alike. The controls showed enhanced ad- 
renal activity and the patients did not 
Moi cover, the purely internal stress of 
assimilating large amounts ol siigai ad- 
ministered in our sugar-tolerance tests 
revealed significant differences in the 
adrenal- cortex responses between pa- 
tient and contiol gioups. In psychologi- 
cal tests, including performance on the 
pm suit metei, the patients weie coopeia- 
tive and their interest in the situation 
seemed to be us gieat oi gi eater than 
that of the contiol subjects. 

The basis of i espouse failures among 
the patients was next investigated. Per- 
haps their adrenal-cortex secretions weie 
normal but their body tissues could not 
react to the hormones. This possibility 
was excluded by injecting patients and 
controls with standard quantities oi cor- 


tical extract. Both gioups showed the 
same leactivity to the injected hoimones. 

The failure must then leside cilhei in 
the inability of the biain to excite the 
pituitary to discharge its AGTH, or in the 
failme of the ACTH to stimulate the ad- 
renal coitex. To investigate these altei- 
natives, we injected patients and con- 
trols with 25-milligiam doses of ACTH 
and tested oui six blood and urinary in- 
dexes befoie injection and at seveial 
standard inteivals of time aftei wards. 
The lesults were striking. The ACTH 
pioduced vigoious responses m all the 
contiols, but the patients, loi the most 
pait, showed little or no response. It was 
therefore leasonable to believe that the 
patients’ stress failures resulted from the 
inability of ACTH from their own pitui- 
taries to excite their adrenals. 

W E next selected a group of schizo- 
phrenic patients who failed com- 
pletely to leact to 25 milligrams of 
ACTPI and injected them with 75 to 100 
milligrams. These extia-laige doses pio- 
duced some response To assuie oui- 
selves that smallei doses had not failed 
because of possible inadequacies of the 
hospital diet, we fed a group ol non- 
responsivc patients for two weeks on an 
ample protein and vitamin diet and 
again injected them with 25 milligiams 
of ACTH. But they were still as unie- 
sponsivc as befoie. 

The statement that schizophrenic pa- 
tients do not give aclienal-coitex le- 
sponses to stress oi to ACTPI is based on 
statistical group compaiisons. While the 
correlation between steroid secretion and 
degree of schizophrenic illness is not 
perfect, the stiess i espouse separates 
patients from normal persons with a sta- 
tistical sharpness superior to that of any 
other physiological criterion of which we 
are aware. 

What then do these findings mean in 
terms of schizophrenia? They certainly 
do not imply that adrenal stress-response 
lailure is the one and only “cause” of the 
psychosis, although it is piobably one of 
the important factors involved. A psy- 



STEROIDS have similar molecular structure. The first sterone. The remainder are IT-kelosteroids, named for 
three above are the adren J hormones corticosterone, 17- the keto group at the number 17 position on their molc- 
fiydroxy 11-dehydro corticosterone and desoxycortico- cule. These arebreakdownproductsofadrenalhormones. 
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chosis is piimarily a tailme in mtci per- 
sonal relations determined by a break- 
down of higher mental pioccsses which, 
in turn, depend upon the dynamic pat- 
terning and conduction of impulses in 
billions of nerve pathways in the hi am. 

One of the most conspicuous indexes of 
stress failuie among schizophrenic pa- 
tients IS provided by adienal legulatois 
of salt lialance, and our data on potas- 
sium secretion have been paiticulaily 
consistent m separating patients horn 
contiols. Potassium is of gieat impor- 
tance in the generation and piopagation 
of nerve messages which aic waves of 
electiical action and constitute the physi- 
cal basis for thought processes and he- 
havioi. Work liom our laboiatoiy has 
shown that the content of potassium in 
lat brain is alteied following stress and 
that the adrenal coitex regulates brain 
potassium . F ui thei more, neurophysiol- 
ogists have demonstrated that important 
electrical pioperties of neivc depend on 
its potassium content Such evidence in- 
dicates that faulty potassium metabolism 
in the face ol the icpcalecl stresses of 
daily life may be an important factor in 
the development ol a psychosis. 

It may be that chemical deficiencies 
of the kind we have been discussing, per- 
haps genolically dclermined, make some 
persons more vulnerable than otheis to 
the stresses ol living. They may never 
become psychotic, especially if their lives 
present tew pzoldcms, but unclci moie 
severe envnonmcntal and peisonalized 
sti esses theii physiological delects may PURSUIT METER showed that, as men received less oxygen, fatigaliility 
result in brain malfunction with conse- increased and ketosleroid output decreased. Figures on heavy line indicate 
quent psychotic disturbances. Tins by- number of tests. Dotted line shows increase in ketosteroids above resting leveL 
pothesis wail ants fuither investigation 

Our studies to date have not been con- 
cerned with tieatment but rather with 
the analysis of basic mechanisms. The 
schizophrenic is not deficient m over-all 
output of adienal-cortex hormones. In 
the absence of the pituitary the hor- 
mones are released from the cortex in 
man and animals at a constant rate. It is 
the patients' stress responses that are de- 
fective. Ill a nonnal peison these re- 
sponses involve varying liormone output 
to meet fluctuating demands It is possi- 
ble that current shock therapies, which 
are violent stresses, may activate slug- 
gish pitmtary-adrenal systems. Very 
large doses of ACTH do excite the pa- 
tients' adrenals. We are therefore stait- 
ing to investigate the therapeutic value 
of repeated large doses of ACTH. While 
our work to date offers no immediate 
promise of cures, the discovery of a basic 
physicochemical defect in most schizo- 
phrenic patients presents grounds for be- 
lieving that future research may yield 
results of practical therapeutic value, 

Hudson Hoagland is a physiologist with 
the Worcester Foundation for Expert- ACTUAL FLYING also produced increase in 17-ketosteroids. Number of 

mental Biology, Tufts College Medical flights is indicated in circles. This showed that 17-ketosteroids are normal 

School and the Worcester State Hospital, metabolic result of stress. Schizophremes do not show such responses* 
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YOUNG TURTLES were beautifully drawn in Agassiz' 
Contributions to the Natural History of the United 


States. At the left is Chrysernys oregonensis. In center is 
Tracheinys elegans. At right is Actmeinys marmorata. 



OUld^ 



The great Swiss biologist had two careers. The second, 
which began with his arrival in the U. S., did much to 
awaken the American people to the importance of science 


AN elderly gentleman of my acquaint- 
ance remembeis well, from his 
Philadelphia childhood, a De- 
cember day in 1873. Gloom descended 
with the ai rival of the morning paper at 
the family breakfast table. It continued 
as he walked abroad with his father, 
who conversed with friends in the streets 
in subdued and solemn tones. To the 
small boy it seemed as if a national 
calamity had occuned. In a sense it had, 
for news had arrived that the great Louis 
Agassiz was dead. 

Among the general public the death 
of even the most eminent scientist usu- 
ally causes no more than a brief iipple 
of interest and regret. To the people of 
his day Louis Agassiz was not just a 
scientist— he was the embodiment of 
science itself. To this small boy (and 
perhaps to his elders as well) it seemed 
as if, with the passing of Agassiz, science 
itself lay dead. 

During his quarter-century residence 
in this country at Harvard University, 
the Swiss-bom biologist became one of 
tlie truly great popularizers of science. 
In his will he described himself simply 
as ^Xouis Agassiz, teacher.” It was as a 
teacher rather than as a research man 
that he was known to his adopted coun- 
" trymen— not merely a teacher of prospec- 
tive scientists and college students but 
one who, with unbounded enthusiasm 
and charm, expounded die beauty and 
wonders of nature to the masses of the 


by Alfred Sherwood Romer 

coiintiy. Moie than any other man he 
fuithered the widespread respect for 
science in America, without which the 
lapid growth of later decades would 
have l^een impossible. 

Jean Louis Rodolphe Agassiz was 
born m 1807 in the French-speaking 
Jura region of Switzerland, the son of a 
minister of Huguenot descent. Early in 
life he showed a stioiig bent for natural 
history. His growing talents forced his 
lamily to the conclusion that, despite 
the financial circumstances of a minis- 
terial household, Louis should have a 
university education. At the University 
of Zurich he soon exhibited that com- 
bination of a brilliant mind with un- 
bounded vitality and personal attractive- 
ness that made him an outstanding figuie 
throughout his career, It became obvious 
that he deserved a broadei training than 
that available at tbe little Swiss institu- 
tion. Further studies took him to Heidel- 
berg and then to the newly founded 
Bavarian university at Munich. Here 
Agassiz became a member, then the 
leader, of a brilliant group of students 
and young instructors in science. His 
scientific advance was rapid; even be- 
fore obtaining bis doctorate at tbe age 
of 23, he had written an important 
monograph on the fishes of Brazil. 

When his schooling began, it was 
assumed that young Agassiz would be- 
come a medical man, a coimtiy practi- 
tioner witji scientific inteiests as an avo- 


cation. Following his giaduation in 1830 
he did indeed return home for some 
months and made a half-hearted attempt 
to practice medicine Then his eyes 
turned to Paris, in those days the great- 
est center of biological reseaich in 
the world. The scientific leader of the 
French capital was Baron Cuvier, found- 
er of the sciences of comparative anat- 
omy and veitebiate paleontology, a 
potent figure in government circles as 
well as the greatest zoologist of his time. 
It was inevitable that Agassiz should go 
to Paris. Cuvier was a cold, austere, le- 
mote figuie to most of his fellow scien- 
tists; to everyone's surprise, and to the 
gratification of Agassiz, he opened his 
heart and his laboratories to the atriac- 
Live and talented young Swiss, With the 
support of the master, Paiis seemed but 
one more upward step in Agassiz' career. 

But his progress was soon checked. 
Within the year Cuvier died of cholera 
and Agassiz lost his chance of a Paris 
post. A few months later he was offered 
and accepted a veiy modest professor- 
ship at the Lyceum of Neuchatel in his 
native Jura, a position he held for more 
tlian a dozen years. Soon after returning 
to Switzerland he married Cecilia Braun, 
the sister of a German student friend; 
she bore him two daughters and a son, 
Alexandei', who later became a famous 
oceanographer. 

Why Agassiz elected to accept the 
Neuchatel position is a hit of a puzzle; 


af the time, his fiiends must liavc con- 
sidered the move a disastious setback. 
Neuchatel was a small town, the Lyceum 
undistinguished, the salaiy small. It was 
as if the white-haired boy of one of to- 
day’s great iimveisity departments weie 
to f 01 ego a promising caieer to accept a 
job m a minoi junior college or high 
school. 

But the youngster who went to Neii- 
chatel was no ordinary man, any institu- 
tion he enteied could not but become 
important. While he was there, Neucha- 
tel was a major scientific centei. Al- 
though his post offered little incentive or 
financial aid for scientific investigation, 
Agassiz completed about 200 publica- 
tions during this peiiod, including 20 
stout books with some 2,000 excellent 
illustrative plates. Today substantial sup- 
port from lesearch foundations frequent- 
ly enables a brilliant man to gather 
around him a large team of scientists. 
Agassiz built himself a majoi reseaich 
institute without such backing. Artists 
and assistants weie always at hand. 
Funds weie low, but at the worst there 
was sleeping space m the Agassiz home, 
food at his table. Prepaiation of the 
countless plates lor his woiks was diffi- 
cult: Agassiz sponsored his own litho- 
graphing firm. No medium lor publica- 


tion was available Agassiz became his 
own publishei . 

A gassiz made ins two most impor- 
- tant contiibutzons to scientific le- 
seaich during the Neuchatel period The 
first was his woik on fossil fishes. Cuvier 
had devoted much time to the study of 
the moie advanced vertebrate classes, 
but little had been done on the remains 
of fishes, although they are as numeious 
and as diversified in nature as all the rest 
ol the backboned animals put together. 
From his student days Agassiz had de- 
tei mined to conquer this difficult field 
His work, published in parts over a 
dozen years, finally totaled five volumes 
with hundreds of magnificent plates. It 
gamed for him a high place in the Eu- 
lopean scientific world by the time he 
was 30, and Agassiz’ Poissons Fossiles is 
still the classic on the subject. 

His woik on glacial geology was per- 
haps even moie important. Switzerland 
IS one ol the few places outside the polar 
regions where glaciers are prominent 
fealuies. Noting tlie pres'ence of ‘"erratic” 
boulders in the Rhone Valley, two fellow 
Swiss geologists had suggested that the 
local glaciers, now confined to the high 
mountains, had once spread more widely 
over the plain below. Agassiz was skepti- 


cal of their conclusions and went to see 
for himself. He was soon convinced, but 
his alert mind swept him on at once to 
hypotheses far wider than their hmited 
conclusions. He had seen phenomena 
compaiable to those of the Rhone Val- 
ley elsewhere in Switzerland, and his 
readings m the field of tx*avel bi ought to 
his mind similar conditions reported 
fiom many other regions From this evi- 
dence he deduced that in i datively re- 
cent geological time tliere was a great 
ice age when laige aieas of the world 
were covered by continental glaciers. Ad- 
vanced against the sti'ong opposition of 
most of the senior, conservative geolo- 
gists of the day, the theory of this young 
upstart triumphed. It is now one of the 
accepted tenets of geology. To test the 
theory Agassiz and his colleagues spent 
a numbei of summers observing present- 
day glaciers. For several seasons tlieii* 
headquai'teis was tlie ""Hotel des Neu- 
chatelois,” a rude shelter beneath a boul- 
der on the moiame of the Aar Glacier. 

Agassiz’ years at Neuchatel were years 
of much scientific achievement, but Ins 
position there became shaky indeed. He 
was a magnificent optimist, without a 
trace of practical business sense. His af- 
fairs weie lun on the most slender of 
shoestrings, and i datives and friends 



GLACIERS were one of Agassiz’ earliest interests. This appeared in Agassiz’ Etudes sur les Glaciers, This* was 
illustration^ showing the Zermatt Glacier of Switzerland, published in 1840 during Agassiz’ stay at Neuchatel 
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wexe lepeateclly rescuing him horn fi- 
nancial difficulties. By 1845 it was cleai 
that the Neuchatel days weie nearing an 
end His resources and those of his local 
siipporteis weie exhausted, and debts 
from his scientific enteipiises were piling 
up. His hthogiaphic fiim failed and two 
ot his most valued assistants left him 
His wife, ill and discouraged, departed 
for hei family home in Germany. 

As usual Agassiz optimism was ulti- 
mately rewarded By a cuiious quirk of 
political history, Swiss Neuchatel was 
then a pait of the domains of the King of 
Prussia, who gave the scientist a giant 
for a scientific visit to Ameiica. The 
amount of money involved was not 
great, but soon afterward Agassiz was 
invited to deliver a well-paid series of 
popular lectures on biology at the Lo- 
well Institute m Boston. Agassiz was en- 
thusiastic. He had always wanted to 
travel, but no opportunity had previous- 
ly presented itself. During the following 
winter he wound up his affairs at Neu- 
chatel in preparation foi the tnp—in 
the 01 y he was merely going on a leave 
of absence. The general feeling was that 
this was the end of his career m Switzer- 
land— which proved to be tine. 

Agassiz packed two lull scientific ca- 
reeis into his 65 yeais. When he left 
Europe in the summei of 1846 he was 
just under 40 years old and had alieady 
accomplished as much in research and 
received as great distinction as has many 
a notable scientist by the time he retires. 
In America, duidng the quarter-century 
remaining to him, he was to lead another 
equally notable though different life. In 
Europe Agassiz had been almost entirely 
a lesearch worker. In America his fame 
rests not so much on his investigations as 
on his promotion of science. 

I T was soon obvious that Agassiz and 
America were made for each other. 
PIis Lowell lectures in Boston were an 
instant success. Large audiences found 
his enthusiasm infectious, his personality 
charming. The public lectuies had to be 
, repeated, and during tlie months that 
followed he lectured with great popular 
acclaim in major East Coast cities. 
Agassiz was eager to teach; America was 
eager to be taught. Here was a people 
who, like himself, dreamed great dreams 
and energetically set about turning them 
into realities; a people who might aid 
him in making his own great dreams 
come true. He was warmly welcomed in 
America by scientists and laymen alike, 
while Swiss politics were dubious and 
his personal prospects none too sure. As 
a result, he readily accepted an offer of a 
professorship at Harvard, and Cam- 
bridge became his second home. Later 
he received many other offers from 
American and European universities, but 
he refused them all. 

When he first settled in Cambridge, 
his house overflowed with collections 
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and livestock (a beai was a basement 
lesident toi a peiiod) and also with a 
swaim of associates from Switzeiland. It 
IS said that at one time no fewer than 
23 of them enjoyed the hospitality of 
this new Hotel des Neuchatelois. 

Soon after his anival in Ameiica, 
Agassiz' first wife died in Germany and 
in 1850 the ties to his new home were 
stiengthened by his mairiage to Eliza- 
beth Caiy. She was an ideal wife— secie- 
tary, collaborator, counselloi and a 
second mothei to his orphaned children. 
Agassiz lemamed as impi evident as ever 
in America, spending all available money 
on scientific ventures. To bolstei the fam- 
ily finances Mis. Agassiz, with the aid of 
the cliildien and the professor himself, 
'established a flourishing gills' school. 

The piofessoi was not a sessile organ- 
ism. He could never stay put, and tiav- 
eled far and wide on lecture toms and 
scientific expeditions. His most notable 
expedition was a trip to Brazil in 1865- 
66. It lasted 16 months, 10 being spent 
on the Amazon— a nver of intense intei- 
est to Agassiz, for its fish had been the 
subject of his fiist research inonogiaph. 
For once in his life Agassiz had no finan- 
cial worries. A wealthy Boston admirer 
supported the trip liberally, and the stall 
included some 15 paid and volunteer 
assistants 

Agassiz continued his leseaich. In- 
deed, he entered new fields, particularly 
marine zoology (unfamiliar teirilory to 
him during his eailier life in inland 
Switzerland). His numeious Ameiican 
publications include such substantial 
works as the four- volume Contributions 
to the Natural History of the United 
States Neveitheless, if his work be 
viewed objectively, one must admit that 
the research of his later years does not 
measure up in originality and lasting 
value to that of his European period 

America had already produced a num- 
ber of scientists of distinction, but most 
of them were little recognized and un- 
influential. In the colleges and universi- 
ties of the country science was for the 
most part frowned upon as a noxious 
weed in the prim and classical aca- 
demic garden. At Harvard and Yale 
the establishment of separate scientific 
schools— Lawrence and Sheffield respec- 
tively-proved the means of entering the 
hitherto forbidden gates. Agassiz was the 
first appointee to the Lawrence Scientific 
School, m fact, his piesence and avail- 
ability seem to have been the stimulus 
that brought the initial offer of scientific 
support from Abbot Lawrence. Agassiz 
spent the rest of his life furthering the 
growth of this school which with Shef- 
field had a great effect on tlie develop- 
ment of university scientific teaching. In 
later decades science teaching has been 
quite properly merged with the general 
academic cumculum. 

Although odd cabinets filled with cu- 
riosities and natmal-history objects were 


to be found heie and theie, almost noth- 
ing in the way of natuial-histoiy mu- 
seums existed m the United States at the 
time of Agassiz' ai rival. He became fired 
with the ambition to create in Cam- 
bridge a museum comparable to the 
great institutions of Pans and London, 
and woiked energetically to that end. 
An opening came in 1859 when an ad- 
miring friend willed $50,000 for the en- 
dowment of such a museum with the 
stipulation that it be called (as Agassiz 
suggested) the Museum of Comparative 
Zoology, an unwieldy name that it bears 
to this day. With this initial gift as a 
lever, Agassiz tmnedTiis effoits to laismg 
furthei funds for the new institution, to 
amassing collections and to gathering a 
research staff. Although his ambitious 
plans weie far from fulfilled, Agassiz 
could say with justification, shortly be- 
fore he died, that it already compaied 
favorably with majoi Euiopean institu- 
tions. 

Agassiz' unique contribution, how- 
ever, lay in his own teaching of students 
and the public. No amount of instruction 
can make a teacher out of a man who 
lacks an enthusiasm for his subject and 
the ability to inlcct his audiences with 
equal enthusiasm. Agassiz had these 
characteiistics m ovei flowing measure. 
ITe had to teach, and his listeneis always 
responded. He could deal ecjually well 
with the vast ciowcLs of his lecture tours 
01 a single advanced student in the lab- 
oiatory. He loved his subject so much 
that, in default of a largei audience, he 
would lecture on natural history to a 
cabbie driving him to his hotel or to a 
fisherman in a rowboat. 

T ens of thousands of young students 
today are introduced to the name of 
Agassiz by a quotation on their ruleis. 
“Study nature, not books." Although the 
piofessor probably never utteied these 
exact words, they do express the essence 
of his teaching. For the advanced stu- 
dent who came to woik with him, acute 
observation ot nature leplaced the dull 
pedantry and reliance upon written au- 
thority which had persisted in universi- 
ties from the Middle Ages to the earlier 
19th century. Students responded to this 
sort of treatment, budding zoologists 
flocked to him and left Cambridge to 
spread the gospel of Agassiz' teachings. 
Most biologists in the, country today are 
to some extent the scientific descendants 
of Agassiz although, with the constant 
expansion of the field, a large number 
are woiking in areas that were un- 
dreamed of in his day. A list of his stu- 
dents would include many men who 
dominated American zoology in later 
decades of the century, and others who 
became prominent in fields as far apart 
as geology and psychology. 

In Switzerland Agassiz' teaching had 
been confined to academy students and 
home-town friends. In America he dis- 



coveied, and delighted m, his ability to 
capture and hold gieat audiences, 
learned and unlearned alike In the 19th 
centuiy attending public lectin es was 
the greatest indooi pastime, and Agassiz 
enjoyed and was inspiied by any type ot 
attentive group. Furtheimore, he needed 
money, not for himself, but for his scien- 
tific woik and for the suppoit of his mu- 
seum. Heie weie hosts of people willing 
to listen and leain and, moreovei, willing 
to pay foi the privilege. And so, time 
alter time, Agassiz toured the countiy 
horn the Great Lakes to the Gulf ol 
Mexico, from the East Coast to the glow- 
ing piairie towns. His audiences never 
tired of him. His command ol English 
never became peifect He always had a 
stiong accent and frequently he had to 
pause and giope for the piopci woid. 
These imperfections weie moie than bal- 
anced by his clarity, simplicity and en- 
thusiasm, and only endeaied him further 
to the public He fostered a populai in- 
teiest in reseaich and its support, with- 
out which American science would have 
lemamed impotent, 

Agassiz' written woiks are evidence of 
his impoitancc as a reseaich worker. The 
histoiian can icadily trace the effects of 
his teaching as it has been transmitted 
till ough successive generations of his sci- 
entific descendants. But it is extiemcly 
difficult lor us to lealize the personal 
magnetism that helped so much to make 
his teaching effective. William James, 
the philosopher, gives part of the pic- 
tme: “He was of so commanding a 
presence, so cm ions and inquiring, so 
responsive and expiessivc, and so gen- 
erous of himself and ol his own, that 
everyone said of him. ‘Here is no musty 
savant, but a man, a gieat man . . ” 

Alice Bache Gould, one of Agassiz" 
biogi*apheis, has stiung together some of 
the phrases that his contempoiaries used 
to describe him. “His genial counte- 
nance; his gieat face beaming with 
pleasure, the eyes whose sunshine runs 
befoie the lips, a film benignity of face, 
and winning ways, his phrases all the 
more taking for the broken English, an 
inexhaustible buoyancy and huge good 
fellowslnp; lobust and dominating; 
cheerful, kindly, engaging, frank, irre- 
sistible; ingenuous, glad, great-hearted 
and bewitching, the jovial giant, the 
acknowledged mastei, a man to be 
thankful for.” 

Truly a man for science to be thankful 
for. American science has traveled far 
since his day. Its progress would have 
been much slower, its triumphs less 
great, without the example set by Agas- 
siz and the public support and respect 
engendered by his teaching. 




Alfred Sherwood Romer FOSSIL FISHES were another of Agassiz’ interests during his European 

is director of the Museum career. After working with the great Baron Cuvier^ who founded the science 

of Comparative Zoology of vertebrate paleontology, Agassiz took up the relatively little-studied fishes* 

at Harvard University. The result was his classic work called Recherches sur les Poissons Fossiles. 
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of Whales 


As man has learned to dive deeper and deeper, he 
has taken an increasing interest in the remarkable 
diving abilities of the great oceangoing mammals 

by Cecil K. Drinker 

A mong the miscellany ol crealuies appaiatus m the mouth foi trapping ioocl out as it was taken in— thiough the lungs, 
that inhabit the eaith, ^vhales pos- particles, this type ol whale lost its The dissolved gas must travel in the 
sess a peculiar interest. Although teeth, learned to live on small crus- blood to leach the lungs, so it diffuses 
they are air-breathing mammals, their taceans that the sea provides in vast rapidly into the capillaries, in these tiny 
highly specialized physiology peimits quantities, and slowly lucieased in size. vessels it may attain such a high degiee 
them to remain under water for pro- In the Antarctic, wheie the hunting ol conceuU ation that it comes out of solu- 
longed periods ol time. Their great size of blue and fin whales is still very prol- tion and loims bubbles, which may 
is well known. Many people think that liable, the water is sometimes colored leadily be seen iindci the micioscope. 
some reptiles of the geologic past were led by schools ol tiny creatines known These cause ah embolisms, ie., they 
bigger, but this is not so. As fai as we as “whale teed” or “lobster kiilh” The block the flow of blood in the capillaries, 
know, the largest animal that has ever whalebone whales swim back and foith They may cause pain in areas pooily 
existed is the blue whale, or Sibbald’s through the schools with their mouths supplied by capillaries, such as the 
roiqual. open to scoop in the little crustaceans, joints, and they may lodge m the heait, 

The illusti ation on the opposite page which are then stiamed by the whale- the lungs or the brain to cause sudden 

compares the sizes of a few animals, bone and swallowed. A blue whale is death 

Among the creatures shown are the blue able to consume some 250 gallons of Various methods of preventing the 
whale; Jumbo, the largest known ele- lobster krill at one feeding bends have beer! pioposed or tiied. The 

pliant; and a specimen of Bmehiosaurns, As man has learned to dive deeper and condition could be avoided if the diver 
one of the largest dinosaurs, Brachiosau- deeper, he has developed an increasing breathed pme oxygen befoie diving, and 

rus had a relatively short tail, but the interest in the physiological abilities ol continued to breathe it during his dive, 

animal may have reached a length of whales Most of us know that if a diver The trouble with this stratagem is that 
80 Teet and a weight of 50 tons. Blue goes down to 100 feet and works for an at a piessure of four atmospheies pure 
whales up to 110 feet have been de- houi, he must be brought to the surface oxygen is a dangeious poison if breathed 
scribed, and modern methods have made slowly to avoid caisson disease, or the for more than brief periods. It irritates 
it possible to estimate their weight at “bends.” At sea level, where the atmos- the respiratory passages, and after a time 
more than a ton per foot. So the sea has phene pressure is about 15 pounds per causes serious convulsions. To solve this 
preserved an animal twice as bulky as squaie inch, a man of average size has problem helium may be mixed with oxy- 
Brachiosaiinis, about 1,000 cubic centimeters, or nearly gen, just as nitrogen is mixed with 

A newborn whale is 20 to 30 feet a quart, of niti'ogen dissolved m his body oxygen in the air. Since helium is much 

long and apparently suckles for about a fluids and tissues. The gas has no physio- less soluble than nitrogen in the body, 

year Many structural features of wbales logical value, but it nonetheless dissolves particulaily m fatty tissues, it is breathed 
suggest tliat they evolved from a bianch into. the blood which passes through the in and out by the diver and is not stored 

of early mammalian carnivores that first lungs. At a depth of 100 feet the diver in solution, ready to burst out when the 

lived on land and later took to the sea is subjected to a pressure four times that pressure is loweied. 
and fish-eating as an easier way of life, at the surface. A constant supply of air The diver noimally avoids the bends 
The whalebone whales, of which the is pumped to him at a pressure corre- by a simpler method. He comes to the 
blue whale and the fin whale aie the sponding to his depth. He steadily ab- surface by slow stages and gradually 
Ingest, are toothless, but they are be- sorbs nibogen until his body fluids and bieathes out excess nitrogen. If his 
lieved to have descended from some tissues contain four times the normal ascent has been too fast and he collapses 
kind of primitive toothed whale. Primi- amount of the gas * on the deck of the mother ship, his com- 

tive whales, the axchaeocetes, first ap- Now suppose that die diver is brought p anions put on his helmet, throw him 
peared in Ae Middle Eocene period to the surface m a few minutes. During over the side, and lower him to a depth 
sorne 40 million years ago. Gradually, bis stay on the bottom his body has ab- where the pressure will again cause the 
with the telescoping of the skull and the sorbed direo extra quarts of nitrogen, bubbles of nitrogen to dissolve. In the 
development of a peculiar whalebone which must be released and breathed best diving operations the mother ship 
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is equipped with a picssnic chambei* 
When the diver is brought to the surface, 
he is locked in the chamlicr and the 
piessure is laised until he is sate and 
comfortable. The piessuie then may be 
giadually lowered. 

l^riTHOUT a continuous supply of 
W an or oxygen man cannot stay iin- 
dei water for more than two to five min- 
utes, Although breathing oxygen before 
the dive will extend this time, the fact 
lemains that centuries of diving have 
not improved man’s ability to stay sub- 
merged. Diving animals of all kinds are 
much better at it, Laurence living of 
Swaithmore College has assembled the 
data in the table on page 54 It is obvi- 
ous that in general the bigger the animal, 
the longer it can stay under water. 
Irving calls attention to exceptions, the 
muskrat, the beaver and the gray seal, 
which are quite different in size but 
rather evenly matched in their ability to 
lemain submerged. 

The whales, of course, hold all diving 
endurance records. The blue whale can 
submeige for 50 mmuLes, the speim 
whale, for 60 to 75 minutes The bottle- 
nosed whalc—smaller, but a toothed 
bottom leeder— can stay down for two 
hours. 

The depth that diving animals can 
attain also is significant. Men wearing 
diving suits and breathing helium and 
o.xygen have withstood the pressure of 
550 feet; in closed spheres, of com so, 
they have gone deeper. Whales, on the 
other hand, can dive many hundreds of 
feet without such devices. 

In 1933 the British Colonial Office 
issued a report by Alec H. Laune that 
summarizes our scanty information 
about the depth and duration ol their 
dives. Little is known about the usual 
diving period of blue whales. When 
they are chased they usually hide be- 
neath the surface for periods of 10 min- 
utes or so. A harpooned blue whale may 
submerge for half an hour. It has been 
said that blue whales that have been 
harpooned but not vitally injured can 
dive almost vertically to 1,800 feet. This 
estimate appeal s to be based on the 
length of harpoon line paid out, which 
is a poor measure of a whale's diving 
ability, A harpooned whale does dive 
almost vertically at first, and the line may 
seem to remain vertical afterward As 
the animal attempts to escape, however, 
the line may form a huge loop with the 
whale in front and the boat behind. 

The depths to which whales normally 
dive may be inferred from the habits of 
the creatures on which they feed. In the 
Antarctic large schools of whale food 
reach depths of 650 feet, although the 
greatest number of these organisrns are 
found at about half that depth. One may 
assume that in normal feeding the blue 
whale submerges from 100 to 300 feet 
and stays down 10 or even 20 minutes. 



COMPARING the sizes of whales, the largest kno-wn elephant and one of the 
largest known dinosaurs shows that the whale is the largest animal ever to 
inhabit the earth. At tlie top is the blue whale. Below it is the sperm whale. 
Third is bottle-nosed whale. Fourth is the biggest elephant. At bottom is 
Brachiosaurus, a short-tailed but big-hodied dinosaur of the Upper Jurassic. 



Platypus 

10 minutes 


Sea elephant 

6 minutes 48 seconds 


Harbor seal 

15 minutes 


Gray seal 

15 minutes 


Muskrat 

12 minutes 


Beaver 

15 minutes 


Hippopotamus 

50 seconds 


Florida manatee 

16 minutes 20 seconds 


Sperm whale 

1-1 14 hours 


Bottle-nosed whale 

2 hours 


Bowhead whale 

1 hour 20 minutes 


Greenland whale 

1 hour 


Common rorqual 

49 minutes 


' 

Blue whale 

50 minutes 


Finback whale 

V 2 hour 


Fin whale 

20 minutes 


New Zealand 
humpbacked whale 

Not over Vi hour 


pI\ING PERIODS of yax*ious aquatic mammals, originally compiled by 
Laurence Ixrvmg of Swartlimore College, are listed. The longest period of 
submergence is achieved by the relatively small bottle-nosed whale, which 
feeds on octopuses at the bottom* Aside from such exceptions, there is an ap- 
proximate correlation between the diving ability of mammals and their size. 


Speim whales and bottle-nosed whales 
leed on octopuses, which live on the 
bottom, so they undoubtedly go deeper 
than whalebone whales. In 1931 a dead 
sperm whale was found entangled m a 
submaiine cable that had broken at a 
depth of 500 fathoms, oi 3,000 feet. 

In 1940 P. F. Scholander, working at 
the Univeisity of Oslo, attached lecoid- 
ing manometers to haipoon lines and 
found that fin whales dived to depths of 
284 to 1,164 feet after they had been hit. 
How long they remained at maximum 
depth could not be ascertained. The 
whale that made the deepest dive came 
to the surface and towed the whaleboat 
for half an hour befoie it was killed hv 
anotlier shot. Another whale that was 
only slightly wounded dived to 753 feet, 
came to the suifaee and, alter four or 
five spoutings, suddenly died. This 
seemed rather like a case of the bends, 
perhaps resulting from the fact that the 
whale dived deep, remained at depth 
foi most of the period of submergence 
and finally came to the surface rapidly. 

There aie two pimcipal questions in 
whale physiology. Plow does a whale 
succeed in remaining under water for 
prolonged periods, even when doing 
hard miiscuhu work? And how, in the 
great majority of cases, does it escape air 
oinbolisin due to the blocking of small 
blood vessels by bubbles of nilrogen^^ 

The first cpieslion may be appioached 
by considering the breathing mechanism 
in man. Human bieathmg is initiated 
and regulated by llie lespiiatory center, 
a gioup oi neive cells m the medulla 
oblongata at the top of the spinal cord, 
and by nerve cells and fibers in the walls 
of the carotid sinus, a dilated channel at 
the bifurcation of the carotid aitery, the 
principal vessel supplying blood to the 
brain. The respiratory center is stimu- 
lated strongly by the accumulation of 
carbon dioxide in the blood, the carotid 
sinus by a decrease in blood oxygen. 
When a diving biid or a land or sea 
mammal submerges, bieathing stops au- 
tomatically. In a man, this cessation of 
breathing cannot last long because he is 
soon forced to bieathe by the stimulus 
of mounting cai'bon dioxide. Holding 
the breath causes c ax bon dioxide to dif- 
fuse into the blood, and within one or 
two minutes enough accumulates to pi o- 
duce an irresistible impulse to breathe. 
According to Irving, whales and other 
diving mammals are much more le- 
sistant to this effect. 

Whales have another adaptive mech- 
anism, In all animals, when exercise 
accompanies the cessation of breathing, 
carbon dioxide accumulates very rapidly 
as a result of the oxidations responsible 
for the energy of muscular contraction. 
Although a steady supply of oxygen is 
essential to the heart, to the brain and 
to nerve tissue m general, voluntary 
muscle can contract when there is very 
little oxygen in the blood. This is accom- 
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plished by drawing on a rcseive souice 
of energy, the transformation of glyco- 
gen, 01 animal starch, into lactic acid. 
This muscular contraction without oxy- 
gen cannot, howevei, continue long, and 
it must be paid for by the intake of 
more oxygen to restore the glycogen to 
the muscle cells 

The individual organism thus incurs 
an oxygen debt which is paid by breath- 
ing when submergence is finished. Obvi- 
ously the ability to secure such a loan 
may serve to pcimit work dm mg a 
period of oxygen deprivation, but since 
the brain and heart have no leseive 
souice of energy and are unable to func- 
tion without oxygen, some provision 
must exist to keep them supplied with 
oxygenated blood. 

The brain and heait of the whale ap- 
parently escape asphyxia during pio- 
longed submergence because of leflex 
neivous leaclions that occui when 
bieathing movements cease. The flow of 
blood through the brain inci eases, due 
to the dilatation of ceiebrai vessels, and 
circulation through the muscles de- 
ci eases. Increased carbon dioxide and 
decreased oxygen m the blood also cause 
a greater flow of blood ihiough the 
brain and a lesser flow through the 
muscles, though this laltci cflect is not 
ol great moment in working muscle. 
These leaclions shunt blood iiom work- 
ing muscles, where oxygen would be 
used lapidly, and preserve the oxygen 
for use in the brain, where no oxygen 
debt can be incur red. They divide the 
whale into two parts, a muscular com- 
partment effective for woik, and a heait- 
and-brain compailment essential for life. 

A FINAL point m refeience to the 
duiation of dives conceins the 
amount of oxygen a whale may take with 
it aftei its last inspuation at the surface. 
Even with the advantages of shunting 
blood ]ust desciibed, a whale must have 
adequate oxygen to stay alive. Man pos- 
sesses little capacity to store oxygen. 
After a deep breath, the lungs of a 150- 
pound man contain 900 c.c. of oxygen, 
the blood, 1,150 c.c ; the tissues and 
tissue fluids, about 250 c.c. This makes a 
total of approximately 2,300 c.c. of avail- 
able oxygen. During very model ate work 
this supply lasts about four minutes. 

The Danish physiologist August Krogh 
has estimated the oxygen capacity of a 
whale He calculated that an 89-toot 
blue whale weighing 268,409 pounds 
had an oxygen stoiage capacity of 
2,800,000 C.C., and that swimming under 
water at three knots it consumed 53,000 
c.c. of oxygen per minute. Thus it stores 
enough oxygen for a SO-minute dive 
without overexertion. The figure checks 
well with the various estimates of how 
long a blue whale can stay under water. 
In normal feeding the whale usually re- 
mains submerged for 10 to 20 minutes, 
then surfaces and blows four or five 


times to fill its lungs completely with 
flesh an. 

Whales, as contiasted with man, store 
propoitionately greater amounts of oxy- 
gen in their lungs, blood, respiratory 
pigments, muscle and fat. They also pos- 
sess another storage mechanism net- 
works of small arteiies and large veins 
embedded m fat at the base of the biam, 
in the chest and in the legion which 
coi responds to the gioin m man. These 
networks, called retia mirahilia, consti- 
tute a veiy considerable leservoii of 
oxygenated blood sui rounded by fat, in 
which oxygen is quite soluble. The 
blood IS saturated with oxygen, and fur- 
ther supplies of oxygen can diffuse into 
it horn the suriounding fat 

The second of our questions— how 
whales avoid an embolism— is fully as 
interesting as the first. We have noted 
that the body of a divei at 100 feet con- 
tains foul times moie dissolved mti'ogen 
than it does at the surface. Obviously 
two factors' deteimiiie the amount of 
oxygen dissolved from the lungs into the 
blood. The first is the depth i cached, 
and the second is the length of time the 
divei stays at this depth. It a man le- 
mains for an hour at 100 feet, he must 
be bi ought up very slowly to bieathe 
off the excess nitiogeu that has accu- 
mulated in his body. Here the whale has 
a physiological advantage. MTth sub- 
mergence and with the shunting of blood 
from muscles to more vital paits, the 
whale’s heait slows and the flow of 
blood thiough its lungs is reduced. Thus 
less nitrogen dissolves into the blood 
from air m the lungs than at the surface, 
where the heart beats more rapidly. 

Time IS requiied for nitrogen to enter 
blood from the lungs. If a diver’s stay 
at depth is brief, he may ascend very 
rapidly and experience no ill effects. 
A. R Behnke of the Naval Medical Re- 
search Institute has found that a diver 
can go down to 300 feet, remain one 
minute and come to the surface at a late 
of 25 feet a minute without suffering 
bends. He may remain at 100 feet for 
25 minutes and return to the smfface at 
a similarly rapid rate. 

The situation of the diver is quite dif- 
ferent from tliiit of the whale, in that 
he IS receiving surface au pumped to 
him at a pressure con esp ending to his 
depth. The au'-absoibmg surface of his 
lungs remains the same as it is out of 
watei. The whale, on the other hand, 
takes its air down with it and can obtain 
no more until it again surfaces. The 
round, well-supported chest of the whale 
can doubtless sustain great pressure 
without diminishing in size, but this is 
not true of its abdomen. As the whale 
dives deeper and deeper its abdomen is 
compressed, its diaphragm is forced up 
and its lungs become smaller and 
smaller. The diving whale’s lungs con- 
tain only the nitrogen of the air breathed 
at the surface. There is no continuous 


supply of nitiogen under pressure to 
multiply the amount of the gas dissolved 
in its blood and tissues. 

On the other hand, the whale has a 
vast reseivoir of fat in its blubber. This 
has poor circulation, has no function 
immediately vital to the whale, and has 
a maiked capacity for niti*ogen solution. 
Our best explanation at the piesent time 
as to why whales rarely suffer air em- 
bohsm is that the alveoli, or air sacs, of 
the hmgs are continuously compressed 
as the animal goes down and then* walls 
aie thickened, lendermg absorption of 
nitiogen taken from the surface increas- 
ingly difficult. The slowed cii dilation 
during submergence also lessens absorp- 
tion. 

HEN a whale emeiges from a dive, 
its circulation accelerates with the 
moie rapid beat of its heait, and its lungs 
return to normal size. These reactions 
probably cause nitiogen to be eliminated 
so rapidly that the blood cannot become 
satin ated with the gas to a point where 
bubbles would form. Although excess 
nitrogen dissolved in blubber may not 
be able to diffuse into nearby blood 
vessels rapidly enough to prevent some 
localized bubbling, the effect can do no 
haim unless it occui s on a huge scale. 
The bubbles will gradually disappear 
when the whale rises to the surface, 
Scholander showed that a seal lowered 
to 9S4 feet in three minutes and drawn 
up in nine minutes— a total diving peiiod 
which IS not unusual foi this animal- 
died promptly fiom bends. He also re- 
ported, as previously indicated, the 
death of a fin whale from the same cause. 
Thus it appeals that divmg mammals, 
extraordmarily adapted as they seem to 
be to survive prolonged submergence, 
aie not completely immune to bends. 

Laurie has reported finding spherical 
microorganisms in the blood of Ant- 
arctic whales, both the blue and fin 
varieties. These mmute creatures caused 
the disappearance of mtiugen from 
blood and culture media. He suggests 
that they may be important m reducing 
the amount of the whales’ dissolved 
nitiogen, particularly in repeated dives, 
and so diminishing the danger of bends. 
While Laurie’s findings and suggestions 
are atti'active, they have not been con- 
firmed and we are left with the conclu- 
sion that whales, and divmg mammals 
in geneial, differ from man in their re- 
sistance to the lack of oxygen and to 
dangerous bubble formation because 
of specialized quantitative differences in 
their physiological capacities, and not 
because of mechanisms representing 
new and unusual developments. 


Cecil K Drinker, now retired^ 
was formerhj professor of phys~ 
lology at the Harvard llniver- 
sity School of Public Health. 
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by 1. Bernard Cohen 
Scientists and Aaiateurs The Hxs- 

TOKY OF THE ROYAL SOCIETY, by 
Dorothy Stimsoii. Hemy Schuman 
($4.00) 

Sons of Science. The Story of the 
Smithsonian Institution and its 
Leaders, by Paul PI Oehser. Hemy 
Schuman ($4.00). 

T he recent publication of histories 
of the Royal Society o£ London and 
of the Smithsonian Institution fo- 
cuses attention on two important prob- 
lems of organized science the relation 
of government to the scientific enter- 
prise, and the function ol scientific insti- 
tutions. 

The sine qua non of scientific progress 
is the publication and dissemination of 
the results of research. Today at least the 
facilities for such dissemination are avail- 
able, although in piactice communica- 
tion IS restricted by the existence of 
''industrial secrets” and by the increasing 
number of topics classified for national 
security. Until very recently, a grave 
concern was the almost unmanageable 
flood of new niatenab much thought had 
been given to better abstracting services, 
cheaper and moxe readable formats, and 
the new processes (e g,, microfilm) that 
seemed in some instances about to re- 
place printing altogetlier. 

Before the late war a scientist who 
wanted to publish a paper on recent 
work simply chose one of many appro- 
priate journals. That a great numbei of 
journals are published by academies, so- 
cieties, and other groups, is in itself 
evidence of the large-scale aspect of 
modern scientific enterprise. This, how- 
ever, IS a relatively recent development. 
We have only to go back some 300 years 
to find a time wlien there were no scien- 
tific journals at all and when the publi- 
cation and dissemination of the results 
of scientific research presented a difficult 
problem for the investigator. Much of 
the story is told in Dorothy Stimson s 
new history of the Royal Society. 

As a sampte of scientific communica- 
tion' tliree centuries ago, consider how 
young Blaise Pascal learned about tire 
ejtciting new discovenes of Galileo's pu- 
pils Tonricelli and Viviani, who had just 
made the famous experiment demon- 
strating the efEects of air pressure. Pas- 
cafs brother-in-law Pener informs us 
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Ttvo historic scientific institutions and their place 
in the development of science in the TJ . S. and England 


that the fiist man in France to learn of 
the famous “Tonicelhan experiment,” 
made with a glass tube and a dish of 
mercury, was Father Mersenne of Pans 
He leceived the news by letter from 
Italy in 1644 and immediately passed it 
on to his many correspondents, the le- 
sult was that it took two years ior the 
cxpeiiment to become "famous through- 
out the country to the admiration of all 
scientists.” One of those who heaid of 
the work from Mersenne was Fieri e 
Petit, Chief of the Department of Foiti- 
fications, who in turn told Pascal about 
it, Pascal and Petit reproduced the ex- 
periment in Rouen m 1646 and, in the 
following yeais, Pascal made his own ex- 
periments extending the Italian studies. 

At the same time, in 1645, a gioup ol 
young men in London felt the need of 
learning the news in science by a better 
means than Icttcis, a chance encounter 
with a new book or tiact, or the iimelia- 
ble accounts of travelers. They formed a 
kind of weekly luncheon club to shaio 
and discuss what each had learned. The 
conversation was limited to the "new 
science”: "Physick, Anatomy, Geomctiy, 
Astronomy, Navigation, Staticks, Me- 
chanicks, and Natural Experiments.” 
(". . .we barred all Discourses of Divin- 
ity, of State- Affahs, and of News other 
than what concern'd our business of 
Philosophy.”) They discussed the circu- 
lation of the blood, the Copernican uni- 
verse, comets, the satellites of Jupiter 
that had been discovered by Galileo, 
telescopes, the weight of air, falling 
bodies and kindred subjects. Robert 
Boyle refeired to the group as “the in- 
visible college,” and it has been known 
by that name ever since. 

During the years of Cromwell, some 
members of the group went to Oxford, 
where they replaced certain loyalists, 
aftei the Stuait Restoration in 1660 they 
in turn were lemoved, and they re- 
joined theii former associates in London. 
It was now decided to create a more 
formal organization and to attempt to 
gain the patronage of King Charles II; 
the successful outcome of this plan 
marked the official establishment of the 
Royal Society in 1662, Although the new 
society was favored by royal pati’onage, 
it received no royal funds for its many 
undertakings. 

Soon after the establishment of the 
Royal Society an extensive and regular 
correspondence was begun among the 
members, their friends, and interested 
parties, both in England and abroad. In 
contrast to the letters from Mersenne 
to his friends these were not personal 


letters, hut rather “epistolaiy disseita- 
tions ” The method was laborious and 
cumbersome, and it did not serve when 
the inevitable aigumeiits aiose over 
piioiity m discovery. Hence thei*e was 
founded a Society journal, The Fhilo- 
sophicaJ Transactions of the Royal So- 
ciety, known tbioughout the English- 
speaking world as “Phil Trans.” The 
journal was at fiist a piivate venture on 
the part of Oldenbuig, the Society's fiist 
secretary. It was almost as il it was easier 
lor Oldenburg to print a kind of monthly 
report on the activities of the Royal So- 
ciety than to write a detailed letter to 
Spinoza and many other coi respondents 
who wanted to know what was going on. 

The author of the present liistoiy of 
the Royal Society was foi many yeais 
Dean of Goucher College and is at pies- 
ent chairman of the Goucher history 
department. She has long been inter- 
ested in the pioblcm ol educating young 
women m science by means of history, 
and she has for many years taught a 
well-known course on the history of 
scientific ideas. Trained as an historian 
lather than as a scientist, she brings to 
her book a wealth of knowledge and in- 
sight into the development of ideas and 
the relation of science to culture. The 
title of her book reflects the early charac- 
ter of the Society; it included men who 
were scientists m the present sense 
(Hooke, Wallis and Boyle) and also 
those who either dabbled in science or 
who were at least sufficiently enamored 
of the “new philosophy” to tiy learning 
how the world could be understood by 
exjoenmenl rather than by syllogism. 

The author desciibes in great detail 
the early years of the Society. Hei ac- 
count of the period illuminates its per- 
sonalities and issues; but I have the feel- 
ing that the background of history, 
ideas, personalities and administrative 
events has swallowed up the achieve- 
ments of the Fellows of the Royal So- 
ciety. In 1663 Robert Hooke drew up 
the following memorandum. 

“The business and design of the Royal 
Society IS. 

“To improve the knowledge of natu- 
rall things, and all useful Arts, Manufac- 
tures, Mechanick practises, Engines and 
Inventions by Experiments— (not med- 
dling with Divinity, Metaphysics, Mor- 
alls. Politicks, Grammar, Rhetoric or 
Logick) . 

“To attempt the recovery of such al- 
lowable arts and inventions as are lost. 

“To examine all systems, theories, 
principles, hypotheses, elements, histo- 
ries, and experiments of things naturall, 



mathematical! aud mechanicall, invent- 
ed, recorded, or practised by any con- 
sideiable authors ancient or modern. . . 

This was a concise statement of the 
aims of the new body; I, foi one, would 
have liked Miss Stimson to have shown 
the extent to which they were realized. 
One of the inteiesting aspects ol Hooke’s 
account is that it shows the considerable 
degree to which the aims of the new 
Society were mspiied by Fiancis Bacon 
who in his New Atlantis had described 
a visionary scheme for assembling and 
studying scientific information of all 
sorts Bacon also influenced the Society 
by his insistence on the importance of 
applying science to practical arts 

By the 18th centuiy the Royal Society 
was moie of an accepted bodv than it 
had been a hundred yeai s earlier. While 
most of the conti ovei sies that maiked its 
foundation had died out, at least one 
worthy opponent of the Society, '‘Sii” 
John Hill, mercilessly exposed some of 
the absurdities and trivia that appeared 
in the Philosophical T ransactions—^\ de- 
scnption of a meiman, the transmuta- 
tion of water into maggots, and “in- 
contestable proofs of a strange and sur- 
piising fact, namely, that Fish will live 
m Watei.” Although at this time the 
membership was far IVom iieing confined 
to scientists in the sliicl sense and the 
Philosophical Tiwisactions published 
some nonscicncc and nonsense, a good 
proportion ol the Society’s activities and 
publications were devoted to good sci- 
ence. Furthermore, by publishing papers 
from colonials the Society acted as a sci- 
entific center for the whole Empiie. It 


was to a laige degree lesponsible for the 
scientific activity of many Americans, 
including Benjamin Franklin. 

The author points out the importance 
of the Royal Society to colonial science, 
but her account is weakened by neglect 
of the true scientific achievements of the 
colonial Fellows of the Royal Society, as 
well as of latei Americans. Had she wxit- 
ten, for example, that Cotton Mathei 
contributed the eailiest recoided obser- 
vation of plant hybridization, and that 
he was the author of the first general 
book on the sciences by an American, his 
election to the Society would take on 
more significance We aie not told that 
Thomas Brattle’s astionomical observa- 
tions weie used and acknowledged by 
Newton in his Pnneipia, also omitted, 
for the later period, is any mention of 
Benjamin Peirce’s (misspelled as Pierce) 
gieat original coutiibutions to mathe- 
matics, or the fact that Nathaniel Bow- 
ditch’s reputation as a scientist depended 
moie on his translation and annotations 
of Laplace’s Mcwaniqiic celeste than on 
his Practical Navigator. 

As science itself became an established 
and clearly defined profession, it was 
clear to many Fellows that the Royal 
Society must nd itself of dilettantes and 
amateurs. Begun in the 1830s, the Irans- 
lormation of the Royal Society into a 
truly professional scientific body coin- 
cided with the growth of the British As- 
sociation lor the Advancement of Science 
and with the period of letoim in British 
government and life, 

Wc need not follow the authoi’s story 
into the lecent past and the present. It 


must be said that the early pait of the 
book is more exciting than the latter, 
which becomes almost completely an 
account of administrative developments. 
Indeed, the book invites criticism for the 
extent to which it is an administrative or 
anecdotal history. Writing more for the 
layman and the histoiian than the scien- 
tific specialist, the author has devoted 
relatively little space to the scientific 
leseaich of the Fellows of the Royal So- 
ciety and to Society-sponsored investiga- 
tions and expeditions 

Leibnitz appears only once m these 
pages, as a constimctor of calculating 
machineiy, not a single line being de- 
voted to his place in the “age of genius” 
(the discussion of which occupies more 
than a third of the book) . There is no 
leference to the famous quarrel as to 
whether Leibnitz or Newton devised the 
calculus. Furthermore, the role of the 
Royal Society m the history of science, 
as well as in the history of Western cul- 
ture and civilization, could have been 
made much clearer by some parallel ac- 
counts of the activities and histories of 
other scientific academies’. 

T he story of the Smithsonian Institu- 
tion, written by Paul H. Oehsei, 
helps fill a long-felt need for adequate 
histoiies of American scientific institu- 
tions. Oehsei has been affiliated with the 
Smithsonian since 1931, as Assistant 
Chief of its Editorial Division. He wisely 
begins his histoiy by describing what the 
Smithsonian is and does today, and 
showing how the teims of James Smith- 
son’s will have been realized. Smithson 



U. S. NATIONAL MUSEUM, which is one of the Smith- ’ General William T. Sherman, who was Regent and 
sonian Institution’s 10 “bureaus,” was under construe- Chairman of the Building Committee. Fourth from the 
tion in 1879. Second from left in this photograph is left is Spencer F. Baird, Secretary of the Smithsonian. 
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desired “to found at Washington an In- 
stitution for the inciease and difiusion 
of knowledge among men,” and the fol- 
lowing 10 “bureaus” today make up the 
Smithsonian family (paitly oi wholly 
supported by Congressional ap 2 :)ropna- 
tions): the U.S. National Museum, the 
International Exchange Service, the As- 
trophysical Observatoiy, the National 
Collection of Fine Aits, the Bureau of 
American Ethnology, the National Zo- 
ological Park, the Fieei Galleiy of Art, 
tlie National Galleiy of Art (under a 
separate board of trustees) , the National 
Air Museum, and the Canal Zone Bio- 
logical Area. 

The histoiy of the Institution begins 
with a short biographical sketch ol the 
strange man who founded it Smithson 
was the illegitimate child of the first 
Duke of Northumberland; his mothei 
was descended horn Henry VIL A pre- 
cocious student of science, he was elected 
a Fellow of the Koyal Society of London 
11 months after he received a Mastei of 
Arts degree from Pembroke College, Ox- 
ford, in 1786, Smithson bitterly lesented 
the loss of his ducal birtliiiglit— a resent- 
ment reflected in the following comment 
from one of his manuscripts: “The best 
blood of England flows in my veins' on 
my father’s side I am a Nortliumberland, 
on my mother’s, I am related to Kings, 
hut this avails me not. My name shall 
live in the memory of man when the 
titles of the Northumberlands and the 
Percys are extinct and forgotten,” 
Smithson left his entire property to his 
nephew, but for some reason that has 
nevei been ascertained he decided that, 
if the latter had no children, all but a 
small annuity should go “to the United 
States of America” foi an institution. 
Smithson died in Italy in 1829, and 
when his nephew died six years later 
without wife or children the U.S. fell 
heii to an estate worth about half a mil- 
lion dollars. President Andrew Jackson 
announced the gift to Congress on De- 
cembei 17, 1835. That started 10 yeais 
of debate and discussion over the form of 
institution to he established. 

Oehser describes the actual organiza- 
tion of the Smithsonian Institution in a 
chapter devoted to its first Secretary, 
Joseph Hemy. The treatment here, fol- 
lowed closely in the succeedmg chapters, 
is to give a thumbnail biographical 
sketch of the man, then an account of his 
scientific work and reputation, followed 
by a story of what happened in the In- 
stitution during his tenure of office. Thus 
the main part of Oehser ’s history falls 
into chapters devoted to Henry and his 
successors: Spencer Fullerton Baird, 
Samuel Pierpont Langley, Charles D. 
Walcott and C. G. Abbot, and another 
chapter for Charles Brown Goode, who 
is chiefly responsible for the direction 
followed by the new National Museum. 

Under Joseph Henry's guiding hand, 
the Smithsonian set out to increase 
knowledge by stimulating men of talent 
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to do ongmal lesoaich, olfeimg levvaids 
lor such activity and piihlishmg the le- 
sults 111 a series ol memoiis aptly called 
S?nitJiso?iian Conti ihutions to KiwwC 
edge Hemy’s plan was adopted in 1847 
and the Institution was ready to go to 
work. Ameiica now had a national scien- 
tific institution, but notice that it was the 
lesLilt ol a piivate gift lather than a gov- 
einmeiit expenditure 

It is gieatly to be legretted that 
Oehsei, by wilting hugely in terms ol 
peisoiialiiies, has neglected the bioad 
historical backgiound so skillfully woven 
into Doiothy Stimson’s histoiy of the 
Royal Society Gieatei emphasis might 
well have been given effoits before 1847 
to mteiest the U.S Government in spon- 
soi mg scientific activity. Thioughout the 
first half of the 1 9th century several at- 
tempts weie made to form a national or- 
ganization for the advancement of 
American science with Federal support 
and patronage. All these attempts failed. 
The Smithsonian was a diffeient kind of 
body, a soit of private foundation within 
the Federal stiuctme. Over and over 
again men like Joseph Plemy, Alexander 
Dallas Bache, and Charles Hemy Davis 
pointed out the need for a truly national 
scientific body, as opposed to piivatc oi 
.scmilocal autonomous gioups such as the 
Ameucan Philosophical Society in Phila- 
delphia and the American Academy of 
Arts and Sciences in Boston, England 
had its Royal Society, France its Acade- 
my of Sciences', but where was a similai 
body for the While the failure to 
establish a National Academy of Sci- 
ences until the Civil War may be due in 
part to a fear of centralization in govern- 
ment, it also reflects the impotence of 
American science in general and the low 
opinion of reseaich in the minds of all 
but a very few national leadeis. 

During the early days of the Civil 
War, and before the establishment of the 
National Academy of Sciences, the 
Smithsonian undertook many kinds of 
wai research It was again diawn into 
such woik during the Spanish- American 
WcU, Its secretary was Langley, known 
for his woik on the heat-measmmg 
bolometer, solar radiation and other as- 
pects of astrophysics. He had just com- 
pleted his experiments on flight and, hav- 
ing built a small model which flew under 
its own power for a very short distance, 
undertook to construct a full-sized ma- 
chine for the War Department. The 
failure of this attempt won it the nick- 
name “Langley's folly,” and later in- 
volved the Smithsonian in a heated 
priority argument with the Wright broth- 
ers. Fortunately for all concerned Dr. 
Abbot, who recently retired as Secre- 
tary, made the necessary amends, and 
established the claims of the Wright 
brothers without impugning Langley's 
actual contribution. 

The limited scope of Oehser s book 
has not permitted liim to evaluate the 
different activities of the Smithsonian 


Institution and to compare them with 
those of other gioups. The stoiy is told 
m isolation, almost as it it weie an his- 
toiical guidebook. It serves the welcome 
pm pose, however, ol lecording the w^oik 
of a majoi scientific mstitutioii and 
pioviding a convenient and leadahle 
Cl OSS section ot the history of Ameiican 
science. 


I, Bernard Cohen is instructor in the 
history of science at Harvaid Unh 
vcrsitij and managing editor of Isis. 


T ouchbearers of Chemistry, by 
Hemy Monmouth Smith. Academic 
Pi ess, Inc ($8.00) An mteiesting col- 
lection of some 250 poiliaits of the major 
contributors to modem chemistry. Theie 
are brief biogiaphical notes and a useful 
bibliogiaphy of biogiaphies. Figuiative- 
ly, if not hteially, the lives and habits 
of most ol these men and women aie 
well described in Paiacelsus' lines. “For 
they are not given to idleness, noi go m 
a pioud habit, or plush and velvet gar- 
ments, often showing their rings upon 
theii fingeis, or wearing swords with sil- 
ver hilts upon iheii sides, or fine and gay 
gloves upon their hands, hut diligently 
lollow then labors, sweating whole days 
and nights by then luinaccs. , . They 
put their fingeis ainoiigsl coals, into clay 
and filth, not into gold rings. They are 
sooty and black like smiths and collieis, 
and do not pride themselves upon clean 
and beautiful faces.” 

N ew Worlds Emerging, by Earl 
Parker Hanson. Ducll, Sloan and 
Pearce ($3.50). Piolessoi Hanson takes 
the bright view m this geo-economic and 
geo-political study. The fear of war, he 
thinks, is greatei than the threat, man 
is in no danger ot starvation, and the 
road to survival is bioad and certain; 
neither capitalism nor fiee enterprise are 
doomed, though they must adjust to the 
lequircments of a gi owing woild, vast 
areas m the North, m Africa and in Latin 
America, which men have just begun to 
develop, hold resomces sufficient to meet 
every foieseeable need of the colored as 
well as the white laces. Although the 
cliches are pielty thickly spread, this is 
a cheerful and not umeasonable book. 

H istorical Introduction to Mod- 
ern Psychology, by Gardner Mui- 
phy. Harcourt, Biace and Company 
($6.00). A revised anti considerably en~ 
laigeci edition of a work highly regarded 
since its fiist appearance in 1929. Dr. 
Mm'phy has brought his book up to 
date by adding chapters on behavior- 
ism, modern conceptions of association, 
Gestalt, field theory, Freud, and other 
material about the newer directions of 
research in child psychology, social psy- 
chology, intelligence measurement and 
the like. The newness of at least one 
of the more recent departures is set in 



peispective by Murpliy’s quoiaLion fiom 
Aristotle. 'AVell-educated physicuins, at 
any rate, say that we should pay close 
attention to dreams ” An excellent study 
of the background of the most contiover- 
sial and fluid of contempoiaiy sciences. 

E ncyclopedia of CmAxiNOLocY, ed- 
ited by Vernon C. Branham and 
Samuel B Kutash. Philosophical Libiaiy 
($12.00) Photography in Crime De- 
tection, by J. A. Radley. Chapman and 
Hall Limited, London (21 shillings). 
The fiist of these books has contiibutions 
by leading authorities on a variety of 
subjects related to the natuie, causes, 
prevention and tieatmcnt ot crime. It 
luns from abandonment, abduction and 
abortion through banatry, cmbraceiy, 
the FBI, Fiend, Hippolyte Villain, nre- 
sistible impulses, maiihiiana, pedophilia, 
prison management, treason, voyeurism, 
the Wild Beast Test, and youth collec- 
tion. It becomes quite cleai from these 
pages that if a policeman’s lot is not a 
happy one, neither is that of the consci- 
entious judge, warden or other specialist 
seeking to deal fairly with the prolilems 
of crime. Subject to the usual limitations 
of works of this kind, the articles being 
uneven and maiiy of them so brief as to 
be almost meaningless, this is a useful 
compendium of widely scattered knowl- 
edge. The bibliographies are distinctly 
helpful Radley’s book is lull ot stufl 
which should appeal no less to the home 
detective than to the professional sleuth. 
It consists in photographs ol time bombs, 
booby traps, weapons, countcifeiL coins, 
forged wills and othei documents; ex- 
amples of the use ot ulti a violet and 
infraied light and photomicrography in 
investigating cases of assault, buiglary, 
murder and lape; and an accompanying 
text describing, with lefeience to numer- 
ous actual incidents, methods used by 
British and American police. 

S WEEPER IN THE Sky, by Helen 
Wright. The Klacmillan Company 
($4.00). A shoit, mostly personal biog- 
raphy of Maiia Mitchell (1818-1889), 
America’s fii st ‘‘lady astronomeross.” 
Born m Nantucket of Quaker parents— 
her father was an amateui astronomer of 
considerable skill— she was largely self- 
educated, became famous at 29 for dis- 
covermg the comet latei named after 
her, was a computer foi the Nautical 
Almanac and the Coastal Survey, the 
first and beloved professor of astronomy 
at Vassal* Female College, and a leader 
in the womens lights movement of her 
day. Of this admirable, honest and 
lonely woman, who long “lived alone 
with her constellations,” theie is a charm- 
ing description by Julian Hawthorne, 
Nathaniel’s son (she knew the family 
weR, having traveled with them abroad) *. 
She had ... “a fine, aromatic New Eng- 
land quality ... a woman of unusual in- 
tellect and character . . . [with] an im- 
mense, healthy curiosity ... a great flow 


of native, spontaneous humor ... old 
fashioned yet full of modem impulses 
and tendencies. Though bold as a lion, 
she was nevertheless beset with the 
funniest feminine timidities, and mis- 
givings, due mainly, I suppose, to her 
unfamilianty with the ways of tire 
world.” Revel ential and somewhat over- 
wiitten, with a heav}^ dose of exclama- 
tion marks, but an mteiesting hook. 

T he Sphere of Sacrobosco and Its 
Commentators, by Lynn Thorn- 
dike. Umveisity of Chicago Pi ess 
($1000). Professor Thorndilce, noted 
foi his medieval studies, among them the 
monumental A History of Magic and Ex- 
perimental Science, has edited the Latin 
text, with contemporaiy commentaries 
and English tianslation, of this famous 
astronomical and cosmo graphical woik, 
John of Saciobosco, thought to have 
been bom m the English town oi Holy- 
wood, wiote his tieatise on spheres 
(material and “supei celestial” ) , circles, 
planets, “diverse localities” and their 
“climes,” and the “causes of eclipses,” in 
the early part of the 13th century while 
teaching at the university in Pans, the 
city wheie he spent most ot his life. Its 
“deal, rapid” and elementaiy presenta- 
tion led to the adoption of the work at 
Pans, Vienna, Prague, Oxford, Bologna 
and othei universities, where foi foui 
centuries it lemained the standaid read- 
ing and lectuie text prerequisite for the 
Bacheloi oi Master of Arts degree. Of 
the numerous commentaries, modifica- 
tions and successor treatises, seveial 
principal examples are now repiinted. A 
scholarly book, of fiist importance to the 
historian of science 

T he Chemical Arts of Old China, 
by Li CiTiao-p’ing. Journal of Chem- 
ical Education ($5.00). In the category 
of vague beliefs widely held, theie is one 
(folklore about the ^lysterious East) to 
the effect that much of applied science 
as known 50 years ago had been antici- 
pated by tile Chinese long befoie the 
Middle Ages. The author of this book, 
professor of chemisti*y at National North- 
eastern University in Mukden, dispels 
this romantic notion, though he supports 
the claim that at least one contemporary 
blessing, gunpowder, was invented din- 
ing the Sung or Southern Sung Dynasty 
in the 12th century. Somehow it then 
found its way to the Arabs, to Roger 
Bacon, to Berthold Schwartz and to the 
battle oi Crecy. The author’s overly brief 
but interesting history describes various 
branches of ancient Chinese chemisti*y, 
including alchemy (as befits true wis- 
dom, the Chinese alchemists were more 
interested in making chin tan, an elixir 
to prolong life, than in making gold), 
metallurgy, salt-making, ceramics, pyro- 
technics, tanning, and the manufacture 
of lacquers, colors, wine, paper and in- 
cense. A handsome volume, copiously 
illustrated with plates and old cuts. 


"AN IMPORTANT BOOK... 

The full story . . . 

The first comprehensive picture." 



By THEODOR ROSEBURY 

» “Most Americans, like myself, 
will be thankful indeed for this 
book . . . This is a dependable 
document on the subject, 
available to anyone with or 
without a medical or biological 
background . . . Dr. Rosebury 
courageously gives us facts and 
enough of the scientist’s philos- 
ophy to be able to understand 
them ” — Dr, David Bradley, 
author of No Place to Hide, in 
the N, y. Herald Tribune Book 
Review 

At all bookstores • $2,75 

WHITTLESEY a Division of the 
HOUSE McGraw-Hill Book Co , N. Y. 


UNIVERSITY OF 
ALLAHABAD 

Applications aie invited foi the 
posts of a Professor of Physics and a 
Professor of Zoology for the Uiiivei- 
sity of Allahabad (India). 

The applicants must possess high 
academic qualifications with at least 
five yeais teaching experience in a 
University. They must have an estab- 
lished leputation for scholarship, re- 
search and teaching ability m the sub- 
ject of Physics. The Professor, as the 
Head of the Depaitment, is respon- 
sible for the organization of the dif- 
feient eouises in his subject. He may 
be required to teach both postgradu- 
ate and undergraduate classes. He 
should be able to guide and conduct 
research at least up to the D.Sc. De- 
gree stage. 

The pay will be in the scale of Rs. 
fiOO-50-1250 with benefit of University 
Provident Fund under the rules A 
higher starting salary and grade for 
tlie post of Physics Professorship may 
be given to a candidate of exceptional 
merit. 

The posts are permanent but the 
period of probation is three years. 

Applications stating age, qualifica- 
tions, teaching and reseaich expe- 
rience accompanied by copies of tes- 
timonials and publications should 
reach the Registrar by 15th August, 
1949. 

S- P. Varma, M.A., Pb.D, (^Lond.) 
REGISTRAR 
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Conducted hj Albert G. Ingalls 

AS a lesult of the lecent sale of a 
/\ laige nunibei ot wai-suipliis Fyiex 
telescope blanks with the uncom- 
monly laige diametei ot 16 inches, 16- 
inch telescopes should soon become 
fairly common among amateurs M^ith 
smallei sizes it is customary to grind the 
miiror disk against a tool disk ot equal 
diameter, but to stroke one 50-pound, 
16-mch disk across another requires 
more brawn than many possess. 

Dr. Robert E. Smith ot Sacramento, 
Caht , has devised a simple, workable 
way to reduce the weight of the disk any 
desired amount by means ot a variable 
counterweight As shown m the illustra- 
tion on the opposite page, the counter- 
weight is a receptacle suspended from 
a steel cable over two pulleys at ceiling 
height It IS attached to the miiioi by 
suction cups oF the kind used to fasten 
skis to aulomohile lops 

“When dampened witli glyceiine 
these cups leully stay put,” Dr. Smith 
reports, “yet they are easily removed 
with a knile blade.*’ Just above the cups 
is an attachment tor the cable, consisting 
of a ball-and-socket joint and a small 
tapered pm to facilitate detachment. 
Above this is a swivel, and then the 
cable. On the counterweight side of the 
cable IS a scale for measuring the weight 
put into the receptacle beneath it. "‘NIy 
idea works,” Dr Smith dechmes. “I can 
handle the Id-inch disk as easily as I 
can an eight-inch in the ordinaiy way.” 

In further description of the illustia- 
tion, he adds, “The man seated at the 
grinding pedestal is Harold Simmons, 
president of our Sacramento Valley As- 
tronomical Society. A small motor near 
his feet slowly rotates the pedestal, so 
that he or I can grind in comfoit.** 
Instead of standing and walking 
around the grinding pedestal, Lyle A. 
Ellis of Spokane, Wash., enjoys the syba- 
ritic luxmy of the mechanism shown in 
the illustration on page 62. “You sit,” he 
writes, “on the embroidered feathei pil- 
low at the end of the jib aim, and kick 
yourself ainund the pedestal, which is 
a length of three-mch pipe set deep in 
the earth To the top of the pedestal is 
welded a ll 2 -inch pipe flange to receive 
the pipe fittings of the grinding tool ( and 
of the mirror, whenever it is desired to 
shallow the curve by working with the 
tool on top). SiUTounding the central 
pipe, beneadi the pan for catcliing drip- 
pings, is a length of five-inch pipe. This 
rides on a large ball beaiing at its bot- 



tom. The laleial thrust foices due to the 
workei’s weight aie transfeiied to the 
cential pipe member through slots m the 
outei pipe, by means of two pairs of ball 
beaimgs that are mounted on stub shalts 
welded to the outei pipe ” 

W. H. Newman of Ditchlmg, Eng- 
land, accomplishes the occasional lota- 
tion ol the tool by mounting it on top of 
a veitical spindle that has a broad wood- 
en disk near floor level which is turned 
occasionally with the feet 

The relatively simple aiiangcment 
shown in the illustration on page 63, a 
sketch by the late Russell Portei, is used 
by James J. Pfiaum of Dayton, Ohio, It 
enables the nnnoi makei to sit in a chair 
with his woik on another chair or a box, 
and giind as good a mirroi as if he stood 
up and walked lound a ^^edestal, though 
he loses the fun of building a more elabo- 
rate rig If now and then he unhooks the 
spring lod and lotates the mirror, he will 
get good results. 

Rotating tlie miiroi oi “walking i ound 
the bailor can be greatly oveidoiie, 
though no harm will result and the work- 
er may even gam needed exercise. Until 
last-stage grinding neithci component 
motion need scaicely be thouglu of. 
Of the two, the lolatiou oi the miiroi is 
the moic important. So long as no cle- 
libeiate pains aie taken to leplace the 
miiTOr always in the same position, acci- 
dent alone will rotate it enough, just m 
the way it happens to be picked up and 
replaced on the tool Increased caie may 
be taken toward the end of grinding, and 
again of polishing, to ensure that it is 
rotated fairly often 

Now consider the tool. Suppose that 
it were never rotated at all and diat the 
worker did not walk around it. As a result 
of the uneven application of pressure, 
it would grind too low on one side, but 
no great harm would lie done. Devices 
for liiinmg the mirror by exact angular 
fractions of 360 degrees have sometimes 
been devised These tend simply to de- 
feat the randomness ol the rotation when 
no thought is given to the matter. 

Some workers have taken the 'ring- 
around-a-rosy** principle of grinding so 
seiiously as to perform a kind of dance, 
taking one step around the pedestal for 
each stroke of the hands. This is mostly 
superfluous, but it may keep the worker's 
weight down. Dunng most grinding and 
polishing the author takes about 16 
stiokes at each position without bother- 
ing to count tlie strokes. Even this is 
fewer than need be, but it changes the 
sceneiy 

An interesting contribution to the lore 
of telescope making might be made by 
some inquiidng mind. First he would 
rotate neither muTor nor tool, and see 
just how astigmatic the mirror would 


come out. Then he would lotate the 
minor but not the tool, and me asm e the 
imiovei-heel eflect on the tool. 

HOEVER seeks to learn the best 
magnifying powers ioi telescopes 
should be prepaied to do much scatteied 
leading, find vaiymg and contiadictoiy 
statements and in the end not find the 
concise, unqualified answei he probablv 
had hoped for. A correspondent of this 
depaitment writes that he has been 
tlirough all this, has waded through the 
liteiatme, found it vague and coni used, 
but has finally found teira firma “This 
contusion,” he stales, “is surpiising, 
since there is a veiy simple mathematical 
formula, based on elementary physics 
and the anatomy of the human eye The 
answer is clear and definite. The piob- 
leni involves only two factors, the le- 
solvmg power of the objective and the 
acuity oi the eye. 

“The resolving powci of the normal 
eye is one minute ol aic. The best powei 
ol a telescope is attained by the combina- 
tion ol objective and eyepiece local 
Icngtli that causes tlic resolving power ol 
the objective and eye to match. To de- 
leiimne tin's vve merely divide the 60- 
second lesolvmg power oi the eye by the 
4.56 seconds jier inch of upertuie of the 
familial* Dawes formula lor .separating 
power There is only one definite answer. 
The best power is seen to be 13.16 times 
the apeiture of the telescope m inches ’* 

The letuin to terra firma is indeed 
concise, and fiee from encumbering 
modifications of the kind that irritate the 
tidy mind. If we examine the literature 
of observing, howevei, we find that ob- 
.servers have been using magnifications 
far in excess of tins rule—as high as 35 
or 40 diameters pei aperture inch of the 
telescope foi planetary observation, and 
even higher, 50 oi even 70 diameters per 
inch, for double star obseivation. 

Something must be wrong. It is this: 
the satisfying rule just stated refers only 
to the magnification that fully exhausts 
the objective's lesolving powei— its pow- 
er to bring out all the detail in the 
image it forms This is explained in 
D. H. Jacobs’ Fundamentals of Optical 
Engineering, where the same figure, 13 
diameters, is leached. While this is not 
the figure at which we shall finally ar- 
rive, it is well worth remembering— pro- 
vided we also remember, first, that it is 
valid only for point objects having equal 
brightness, and second, that many as- 
tronomers do not accept the one-minute 
resolving power of the eye, which ap- 
pears to be based on ideal data obtained 
in the labgiatory by physiologists and 
ophthalmologists , 

The textbooks tell us that any magni- 
fication beyond this 13 diameters per 
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inch of aperture is “empty'', it brings out 
no new details of the image, no matter 
how much higher it is raised. The word 
empty has a ceitam connotation of the 
unworthy, and has sometimes been used 
in a deiisive sense. For example, a pro- 
posal received yeais ago by this depart- 
ment, to compound 10 compound micro- 
scopes and thus magnify a billion diame- 
ters, brought forth deiision, foi this was 
empty magnification at its very woist. 

Nevertheless, the whole expeiience of 
observing astronomeis goes to prove that 
empty magnification of already resolved 
images needs no apology, but is even a 
necessity, up to the point wheie atmos- 
pheric conditions cause the image to 
lose more by bluriing than it gains by 
increased ease of vision—which is the 
kernel of the whole matlei. The bluiring 
point varies with the seeing conditions 
and somewhat with the aperture of the 
telescope. For amateur-size telescopes 
and ordinary atmosphere it runs from 
two to four times the resolving mag- 
nification of 13. A foimula for useful 
magnification quoted in L. Bell's The 
Telescope is 140 times the square root 


of the apeiture. This would be 35 di- 
ameters per inch of apertuie on a 16- 
inch telescope, 47 on a nine-mch and 70 
on a four-inch . This is not a rule, but an 
abstraction from the leports of expert 
double stai observeis who had set the 
magnification empirically wherevei they 
found it best. Your own “rule,” similarly, 
IS wherever you get the best results. 

In The Binary Stars^ Director Robert 
G. Aitken of Lick Obseivatory empha- 
sizes “Use the highest powei the seeing 
will permit.” For the planets, the as- 
tronomer Beinaid Lyot found at Meiidon 
near Pans that in a lefi acting telescope 
the minimum magnification to show the 
finest details accessible on the best nights 
was 37 per inch on a four-inch, 35 on an 
eight-inch, 27 on a 12-inch and 20 on a 
24-inch. In Aiizona's atmosphere, on an 
18-inch r eh actor, Peicival Lowell most 
commonly used 24 to 34 diameters per 
inch on planetary work. Lyot says that 
for planetary details, which geneiallv 
show low contrast, the limits used on 
double stais aie a bit too high. 

In this connection a statement by Dr. 
W. H. Steavenson of Cambridge, Eng- 







BINOCULARS 9x40 
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to your glass. If you 
use binoculars on " 
land, sea, mountains or air, you will 
welcome the comfort of this Variable Den- 
sity Filter in the control of light and glare to 
assure best seeing conditions. Simplicity 
itself. Synchronized levers control both fil- 
ters simultaneously Can also be adapted to 
photographic work U.S.C.G. perfect stock, 
individually wrapped Set complete $ 1.50 

SPECIAL COMBINATION PRICES:— Variable 
density filter and Infra-red filter set. $ 2.00 
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MAKER 

Precision Workmanship 
Puali+y Supplies 
Money Back Guarantee 

K!TS— Our Specialty 

Complete 6" Kit , . $5.50 up 

Pyrex Kit, 6" . . $7.50 up 

Other Sizes Proportionately Low 

PYREX MIRRORS 

Made to order. Correctly Figured, Pol- 
ished, Parabolized and Aluminized. 

ALUMINIZING 

WE GUARANTEE 
A Superior Reflecting Surface, 
Optically Correct Finish. 

Will not Peel or Blister. 

LOW PRICES 
• 

MIRRORS TESTED FREE 
PRISMS— EYEPIECES 
ACCESSORIES 

FREE CATALOG 

PRECISION 

OPTICAL SUPPLY CO. 

1001 EAST 163rd ST. 

New York 59, N. Y. 


PflWFI} 

•*111 I IlflLII Coated Lenses 


40X— fine for Astronomy 

30X--5UPERB for Long Distances 

20X— EXCELLENT Spotting Scope 

10X~WONDERFUL for Close Study 

Piecision Atriet ican Made ^ arLible Powoi Telescope 
tnot war sujplusl. FOUR TCr.CtiCOPIlS In One 
lOX, 20X, 30X, and 40X M.iKneinmm-lUiorlae 
Haiti Coated I.enf>ei> AtUunn iLic ObjectHe leu«3 
(53m/in) dia Length closed OVj"* 
open 37 Va" Gennine Le.ither ctneiing CAO 
Weight 28 

ACHROMATIC TELESCOPE OBJECTIVES—Perfeet 
Magnesium Flnoilde Coaled and temented Giiy't 
Surulus lenses made of finest Ciown *ind Flint 
optical glnst,,. They are fully cot retted and have 
tiemondous jobolvlnK powei Gviaiautoed well 
suited for Astronomical Telostopes, SpnUinA' 
Scimes, etc, Oilglnal Gov*t coat appioximately 
SX 00,00 each,. 


Diameter 
r>Giu/m (2 A") 
S3iu/in {3%") 
7(5m/ni 

ytlra/m (StV') 


Focal Length 
GOOm/m (23V.j'0 
BT6m/m (34%") 
SSlm/m (15'') 
622in/m (24%") 


Each 

..$12.50 
. $28.00 
$19.00 
$22.50 


a POWER FEATHERWEIGHT BINOCULARS 

Small, compact v 21 French, not surpliis) All 
anmnil sport glass, uhe for llaces Ifimtlng, Bird 
Studs, etc Complete mth Carrying Case,.,.,- 
and Straps $60.00 Value , . .. $29.75 

^plus $5 95 Excise tax — Total $35.70 

7X50 BINOCULARS — ^Brand new complete with 
carrying c‘a.NC and straps Made in Omipied Japan. 
Cumparathe American Bluncnlars are 
prlml at 00 plus ta\ 

*plus $8.50 Excise tax— Total $51,00 

7X50 BINOCULARS with coated Lenses 
and Pris.ins . . . . , 

*plus $10 SO Excise tax— Total $63.00 

27 POWER SPOTTING SCOPE LENS SET. 

Consists of Big 5 6m/m (2,*/) Dla Coated OD- 
3eeUve Lens. 2 Prisms, Eyepiece Lenses. Instruc- 
tions. All optics cemented and Per- # ..p 

feet or near Perfect, ....... Set $16.75 

LENS CLEANING TISSUE— Here Is a Wonder- 
ful Goy’^t Surplus Buy of Perfect Paper Tvlilch 
was made to the highest Goy't Standards and 
specilleatlons. 500 sheets. 

size 7%'' X 1 , , ... $1 .00 


$42.50 


$52.50 


Senil stamii tor "Bargain” list, 4 


WE pay THE POSTAGE 

A* JTACGBRS 93^08A 95th Ave, 

-nx* OZONE PARK 16, H V. 
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land, in The Jounuil of the British As- 
tronomical Association is of interest 
‘Veiy few te.xtbooks point out that the 
Dawes foimula is not applicable to 
planetary detail, or give the reason foi 
this. Cassini’s division iii Saturn’s ling 
and the shadows of Jupiter’s satellites, 
both visible with apeitiires between two 
and three inches, are well-known e.xam- 
ples of the relatively supeiior lesolving 
powei of a telescope when applied to 
planets. Experiments have often been 
made on teriesliial objects also, and give 
similar results. Recently I have myseli 
found that a black dot on a white giound 
IS visible when subtending an angle 
about one thud of that coiiesponding to 
the Dawes formula, and I find that Sir 
William Heischel obtained a similar le- 
sult 111 1804. For a dark line, visibility is 
attained at an angle something like one 
fifth of the Dawes limit. The leason for 
the apparent discrepancy is, in the mam, 
the low intensity of the illumination of 
planetaiy surfaces, each element of 
which lias consequently a relatively 
small spurious disk.” 

I NVITED to contiibute his expeiiences 
m observational woik to the piesent 
discussion, Rolland R. LaPclle of Long- 
meadow, Mass , a well-known amateur' 
astronomer, writes : 

'Tn estimaling the resolving power of 
a telescope most of us lend to fall back 
on the classic expression of Dawes, an 
empirical formula relating the lesolving 
power of its objective to its diameter, 
thus: R =4. 56/D, where R is the lesolv- 
mg power of the objective foi moderate- 
ly blight double stars expressed in sec- 
onds of arc of separation, and D is the 
diameter of the objective in inches. 

“Actually .this expression is coriect for 
stars of only one coloi, the yellowish type 
G, similar to the sun. The expression may 
also be taken to represent the diameter 
of the spurious disk which is the stellar 
image, out to the center of the daik space 
midway between the disk and the first 
bright ring. The spuiious disk will, how- 
ever, be much largei, by a factor of at 
least two, foi very led stars of type M 
and later, and smaller by an almost equal 
factor for very blue stars of type B. Fur- 
ther, the diameter of the spurious disk, 
as the eye 'perceives iU will be greatei, 
because of iiTadiation, for very bright 
stais, and smaller, because of the lack of 
light, for very faint stars. Hence foi very 
bright blue, or moderately blight or very 
bright led stars, we cannot expect to 
reach Dawes’ limit, while for moderately 
bright blue stars (but not for faint ones, 
because of the deficiency of light) we 
may do considerably better than Dawes’ 
limit. 

“If we assume Dawes’ limit as a me- 
dian value, however, we may then ask 
what power will be necessary in our eye- 
piece to render the two stars visible. This 
factor again is uncertain, since the re- 
solving power of the human eye is a 



A mirror-^^riuding luxury 

much-disputed question It is said that 
the ophthalmologists base then charts 
upon the assumption that the eye can 
resolve objects separated one minute of 
arc. This may be tiue for nearby blight 
objects, but a seaich of astionomical 
textbooks yields a somewhat diffeient 
lesult J. C. Duncan’s Astronomy states 
that the astronomical resolving power 
of the eye is between three minutes and 
three minutes, 30 seconds, and uses a 
value of thiee minutes. Bell, in a quite 
thorough discussion in The Telescope^ 
states that those ot tairly keen vision 
can distinguish the two stars of Epsilon 
Lyiao, sejiarated three minutes and 27 
seconds, while he has never known any- 
one who could sepal ate the two com- 
poncuts of Asterope, two minutes and 
30 seconds apart He then uses a value 
of five minutes in his calculations. 

“From my observations with a six-inch 
telescope, I believe my own constant is 
between two minutes, 30 seconds, and 
three minutes. It is important to state the 
diameter of the objective, since with a 
larger instiument having greatei lesolv- 
ing power less magnification is required. 
Thus, while the closer pair m the double- 
double, Epsilon Lyiae, requires at least 
75 X m my six-inch, giving them a sepa- 
ration ol 75X 2.6 seconds or 195 seconds 
(three minutes and 15 seconds), they 
are readily perceived in a 10-inch at a 
power of only 48 X. This illustrates the 
well-known impossibility of setting up an 
absolute constant for all sizes of objec- 
tive, even though the constant supposed- 
ly refers only to the eye of the observer. 

“If, however, we aie dealing with stais 
separated by Dawes’ limit foi the partic- 
ulai size of objective in use, then the 
spurious disks will be ol the same diam- 
eter, regardless of tlie objective size. If 
we assume that the average human eye, 
under these conditions, lequires 200 sec- 
onds of separation for stars of median 
brightness and of yellow color, then the 
power required will be 200/ (4.56/D), 
or 44 D That is, to split stars at Dawes’ 
limit of resolution to a point where they 
may readily be perceived by the normal 
eye, the magnifying power must be 44 
per inch of objective diameter. 

“How does this check with the prac- 
tice of skilled observers? In The Tele- 
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Simplest grinding rig of all 


scope Bell summaiizes the findings of 
a paper by T. Lewis, published m The 
Observatory, in which that author tabu- 
lated the most often used powei of a 
large group of piofessional obseivcrs. 
With telescopes of moderate size powers 
around 50 per inch of apertuie weie 
usual, and now and then on special occa- 
sions up to 70 per inch weie used These 
weie trained professional observe! s, most 
of them doing double star work, and 
using excellent equipment. 

“In my own woik with a six-mch flO 
reflector, I find myself using powers of 
30 and 44 diameteis per inch consistent- 
ly for close double stars and lor Mats and 
Saturn. Foi stai cliistcis, except globu- 
lars, and on nebulae, I generally use a 
powei of 34X, but these are not objects 
that requiie high lesolvmg powei, and 
the nebular and cxtiagalactic objects 
cannot be resolved anyway. For globular 
clusteis, however, wheie it is desired to 
resolve the individual stars, and where 
the biightness of the stars is such as to 
make this possible with a six-inch teles- 
cope, the higher powei s are of course 
desirable. 

“Double star observing demands tiain- 
ing of the eye, neveitheless, powei may 
sometimes be substituted for tiaining. At 
the Stellafane convention in 1948 I tried 
to show seveial visitois a double star 
of one-second separation, Zeta Heiculis. 
This was peifectly clear to me at 180 
diameters (30X pei inch), but my visi- 
tors could not see it. I then laised the 
power to 46 X per inch, whereupon all 
those who had observational experience 
had no difficulty m seeing it. 

'Anothei expeiience with the same 
six-mch telescope may be of interest with 
regard to Dawes' limit. Yellow or blue 
stais of one-second separation may read- 
ily be spilt when the seeing is reasonably 
good and the star within 45 degrees of 
the zenith. Alpha Capricoini, a wide 
double-double very low in the south 
even at culmination, shows four stars 
very readily. One of these four, of 10.5 
magnitude, is itself a double, consisting 
of two stais of 1 1.2 and 11.5 magnitude, 
separated only 1.2 seconds. They are 
both yellow. This proved perhaps the 
most difficult ol^ject I ever attempted to 
separate, and was seen only with the 


gieatest difficulty on a veiv good night 
and at a power of 46 X per inch 

“At the other exti'eme is Gamma-Two 
Andromedae, the blue star of a wide 
yellow-blue pair. This fifth-magnitude 
star IS itself a double, consisting of two 
stais, both blue, of about equal bright- 
ness at 5 4 magnitude, and sepaiated 
only between .5 and .6 second I have 
clearly seen this star as a double on at 
least thiee occasions, when it was near 
the zenith on good nights At the same 
time the spuiious disk of the third-mag- 
nitude yellow star Gamma-One Andro- 
medae fell within the field of view and 
had an appaient diameter gieatei than 
the two blue stais togethei This demon- 
stiates the effect of biightness and coloi 
on the size of the spuiious disk seen by 
the eye of the obseiver. It also shows, as 
Bell and others remaik, that foi small 
instruments undei good conditions, and 
foi moderately biight blue stars, the re- 
solving power may be much better than 
that indicated by Dawes’ limit, which 
would be about .77 second foi a six-inch 
objective. 

“My belief is that much of the distrust 
ol the amateur for high powers is due to 
incoiiect selection of eyepiece equip- 
ment. Most amateuis use Ramsden eye- 
pieces, which not only have a small field 
ol view and very poor eye relief, but also 
have considerable coloi abei ration, 
which absolutely pi events sharpness at 
high powei s I have standardized on or- 
thoscopic eyepieces with a 45-degree 
field of view, which are available at a 
moderate price, using the coated variety 
4o eliminate ‘'ghosts’ and light loss. Foi 
high powers I use an aclrromatic, coated 
Barlow lens m conjunction with an ortho- 
scopic eyepiece of %-mch focal length. 
The combination gives high power with- 
out ghosts, and with the same eye lelief 
normally obtained with an oithoscopic 
eyepiece of this focal length, In addition, 
the emergent pencil of rays is larger than 
would he the case with an eyepiece of 
short focal length, say, .22-inch, which 
would be needed to obtain equivalent 
power without the Barlow lens. 

“In sum It seems, from l^oth theory 
and piactice, that to use the maximum 
theoietical lesolving powei of an objec- 
tive a power of 40 to 45 per inch of ob- 
jective diameter is required, to enable 
the eye of the average obseiver to per- 
ceive that which the objective is able to 
resolve. In my own experience and that 
of professional observers as well, such 
high powers do sexve a useful purpose 
m observing double stars and also Mars 
and Saturn. Under certain favorable con- 
ditions, small telescopes may be made to 
perform considerably better as regards 
resolving power than is indicated by 
Dawes’ limit, although, as an average 
value for all types of stars, this limit 
probably represents a fairly accurate 
measure of resolving power in a well- 
constructed reflector used with adequate 
magnification.” 
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Atomic Energy Den'elopment: 
Fifth Semi-Annual Report of the 
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ernment Printing Office, 1948. 

SCHIZOPPIRENIA AND STRESS 

The Human Adrenal Cortex in Re- 
lation to Stressful Activities. H. 
Floagland in Journal of Aviation Medi- 
cine, Vol. 18, page 450, 1947. 

A New Point of View about In- 
sanity. H. Hoagland m Reseaich Re- 
views, Office of Naval Reseai'ch; May 
15, 1948 
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/AiKACLB QRUOS CAHNOT cure *01^ SICKNESS 


We only wish there were a miraculous drug 
to stop a man from worrying. 

Himdreds of thousands would buy it, 
because constant worry over money literally 
makes sufferers sick^ 

It's a sickness, however, that miracle drugs 
cannot cure. 

Yet . . . something 'way short of a miracle 
can! 

That’s saving! Saving money . . . the 
surest, wisest way. With U. S Savings Bonds. 


AH you do— if you’re on payroll— is join 
your company’s Payroll Savings Plan. 

Or, if you’re in business or a profession, 
enroll in the Bond-A-Month Plan at your 
local bank. 

You’ll be pleased to see those savings grow. 
Ten years from now, when your Bonds reach 
maturity, you’ll get back $40 for every $30 
you invested! 

Is it peace of mind you want? 

Starl buying Bonds today! 


AUTOMATIC 5AVINO IS SURE SAVINO 
U.S. SAVINGS 6ON0S 



Contributed by this magazine in co-operation with the 
Magazine Publishers of America as a public service. 
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RCA Laboiatories developed 
a copper mesh with 2,250,000 
tiny openings to the square inch 
for the television cameia "eye/' 



“finer feietrision ptieinres su/:>er-^‘f7e rnes^ 


In RCA Image Ortliicon televi- 
sion cameras you will find a super- 
fine copper mesh. Until a new 
technique for making such screen 
was discovered at RCA Labora- 
toriesj only coarse and irregular 
mesh “-which obstructed 60 % of 
the picture —was available. 

Today, through RCA research, 
such mesh can be made with 1500 
gossamer wires to the linear inch. 


An ordinarypinhead will cover about 
7000 of its tiny openings. 

By RCA’s technique— now producing 
commercial quantities of 200- and 500- 
mesh screens — the mesh is so fine, so 
regular in structure, that it is invisible 
on home television receivers . . . and as 
much as 85% more television picture 
passes through. 

You benefit— many times 
This new type of super-fine wire 
mesh, and the technique for making 


it, like most major developments in 
all-electronic television, is another 
RCA Laboratories first. Leadership 
in science and engineering adds 
value beyond price to any product or 
service of RCA and RCA Victor. 

5i« * ♦ 

The newest developments in radto^ tele^ 
vision, and electronics may be seen in action 
at RCA Exhibition Hall, S6 West 49th 
Street, N, Y. Admission is free, and you are 
cordially invited. Radio Corporation of 
America, Radio City, N. Y. 20. 
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LETTERS 



Sns 

I would like to coirect a minoi exror 
in the very fine article on low temper a- 
tme physics in the June Scientific Ameri- 
can. Mr. Davis states: ‘‘The moment we 
have energy, however, we aie not at ab- 
solute zero. The term implies the absence 
o£ thermal eneigy/’ 

It IS this last statement that is not 
coirect, The concept of absolute zero is 
approached in different ways in several 
fields of scientific study, but the ultimate 
definition is the same. Let me quote from 
W, G, Dow’s Fundamentals of Engineer- 
ing Electronics: “Absolute zero (0 de- 
glees K.) is the temperature at which 
all particles, including the fiee electrons, 
have the least possible energy.” A search 
of a reliable text on thermodynamics will 
reveal the same idea. Absolute zeio is 
that state of a substance at which it has 
a minimum of energy, not an entire ab- 
sence of energy. To go into the mathe- 
matical details of temperatuie scales and 
energy states would be beyond the scope 
of this letter, and, indeed, quite outside 
the field which Scientific American has 
set out to cover. 

NORTON SAVAGE 

Newark, N. J. 

Sirs: 

... In legard to the superb aiticle on 
low temperature physics, I should like 
to add a comment for the sake of com- 
pleteness. There were some scientists 
who did believe that helium 3 could 
easily be liquefied. Dr. G. T. Lane of 
Yale predicted a boiling point only .3 
degrees K. too low. This prediction was 
based on his vapor-pressure measure- 
ments of a solution of .16 per cent helium 
3 m helium 4. Dr. J. de Boer of the Van 
der Waals Laboratory in Amsterdam was 
even closer in a prediction he made 
based on his quantum-mechanical ver- 
sion of the law of corresponding states. 
We were pleased to find that the more 
optimistic predictions were also more 
correct. 

* s. G. sydoriak: 

Los Alamos Scientific Laboratory 
Los Alamos, N. M. 

• In his article ‘Xow Temperature 


Physics * Harry M. Davis mentioned 
the prediction by Laszlo Tisza of the 
Massachusetts Institute of Techno i- 
ogy and Fritz London of Duke Uni- 
versity that the light isotope of 
helium could not be liquefied. It is 
this passage that Dr. Sydoriak has 
amplified in his letter. Dr. Sydoriak, 
E. R. Grilly and E. F. Hammel later 
sliowcd at Los Alamos that helium 3 
could indeed be liquefied. 


Su’S' 

On January 15, 1946, Albeit G 
Ingalls, who conducts your department 
“The Amateur Astionomer,” wiote me 
about the telescope my son John R. 
Pellam erected on the roof of our home 
here in Newark. Perhaps Mr. Ingalls will 
remembei that his letter was addressed 
to either John or myself. He doubted if 
it would be deliveied because his latest 
contact with John had been in Novem- 
ber, 1932. At that time Mr. Ingalls had 
published photogiaphs of the housetop 
installation, which is still in place. 

The object of this letter is to make a 
comment about the aiticle “Low Toni- 
peiature Physics” published in your fine 
issue of June. In the first paragraph, and 
again on page 34, J. R. Pellam is men- 
tioned. This IS the same boy Mr. Ingalls 
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used to be so much inleiested in. He is 
now a Ph.D., and making consideiable 
progress m this interesting low tempeia- 
ture study. 

GEORGE E. PELLAM 
Newark, N. Y. 


Sirs. 

I want to tell you how pleased I am 
with the article “Tiapped Light” which 
coveied some of our work at the U.S. 
Naval Ordnance Testing Station. 1 want 
to mention only that the name of one of 
my associates in connection with this ex- 
periment somehow got ovei looked. He is 
Dr, W. M, Cady, head of the Physics 
Division of the Research Department of 
the U.S. Naval Ordnance Testing Sta- 
tion, Pasadena Annex. The actual physi- 
cal setup was developed horn one of 
his suggestions m response to a queiy 
from a photographer who had become 
interested m the Kerr cell as a modulator 
or light-chopper. It is always personally 
pleasing to me to find mdividiial credit 
given to people involved in a group ef- 
fort, and this expeiimcnt involved the 
cooperative effort of many people. 

A M. ZAREM 

Stanford Research Institute 
Los Angeles, Calif, 


Sirs: 

The article “Auieomycin” in your 
April issue carries so much interesting 
and valuable information that for the 
sake of scientific accuracy it seems de- 
sirable to point out the following: Is not 
the illusti'ation on page 19, purporting 
to show the relative activity of the three 
antibiotics, incorrectly interpreted? Nei- 
ther the concentrations of the antibiotics 
nor the diffusional rates are indicated, 
nor are they in fact capable of being 
equated when the parent molds are used. 
As stated by Selman A. Waksman in his 
Microbial Antagonisms and Antibiotic 
Substances: “The rate of diffusion of the 
antibiotic is parallel to its concentra- 
tion”; and “the method [agar-diffusion 
method of measuring antibiotic activity] 
cannot be used for comparing different 
substances, but is limited to the measure- 
ment of activity of only one type of sub- 
stance. With the growing molds, as 
sources of the antibiotics, these limita- 
tions would certainly be much greater. 

ERNEST S. REYNOLDS 

University of Miami 
Miami, Fla. 
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From now on, the difficulties that arise in some 
photographic work from the absorption of gelatin 
can be expected to diminish 

For now you can get from Kodak an emulsion 
containing considerably less gelatin than usual. It is 
being offered on an experimental basis as Kodak 
SWR Film, available only in 35mm. width, 
unperforated, in 25-foot rolls. (It is recommended 
only for uses where abrasion sensitivity and emulsion 
fragility are not objectionable.) 

* Kodak SWR Film offers particular advantages for 
spectrography in the extreme ultraviolet over the 
technic of treating a conventional emulsion with a 
fluorescent substance that converts the radiation 
to light of longer wave length. Here’s why: 

# Kodak SWR Film gives nearly five times as much 
speed in the vicinity of 550 A as the older technic. 

# Grain size is less. 

# It has very low background. (Maximum background 
density is about O.L) 

The curves at the left are typical of the new 
material (but are not to be regarded as fixed 
quantitative specifications). 

If you’d like to see what you can do with Kodak 
SWR Film, just drop us a note. We’ll be glad to 
write you where to buy a roll. ^ 

EASTMAN KODAK COMPANY 
Rochester 4 , N. Y. 



^^Kodak^' is a trade-mark. 






A UGUST 1899. Xord Kelvin is to 
resign the chair of Natural Philos- 
^ ophy in Glasgow University, 
which he has held £oi so man)^ years with 
such honor to the University.” 

“At present the medical world seems 
to be of the opinion that the specific 
bacillus of yellow fever has not been 
satisfactorily identified, notwithstanding 
the announcement that Dr. Sanarelli has 
segregated the germ of yellow fever. 
Surgeon-General Sternberg of the United 
States army has isolated the bacillus, 
which he terms for convenience 'bacillus 
X.’ It is not claimed that this is tlie spe- 
cific germ of yellow fever, but only one 
which is worthy of closer study.” 

“The Geiman Minister of War lecent- 
ly stated that the militaiy authorities 
were following the development of the 
automobile industry with the greatest at- 
tention and would do everything to fur- 
ther and make use of it. The general 
introduction of automobiles would in- 
crease the mobility of an army foui'fold. 
In modern warfare the more the army 
can get nd of living creatures, man or 
beast, which are not combatants, and 
replace them by mechanical substitutes, 
die more confidently will a general take 
the field.” 


so m 100 


who have made modem science what it 
IS to-day. His long and useful life was 
filled with the most splendid achieve- 
ments in many sciences. In collaboration 
with Kirchoff, he practically created 
three special branches of science, spec- 
troscopy as a department of optics, spec- 
troscopic astronomy, and spectroscopic 
chemistiy, and we can even foietell with 
consideiable accuracy, by means of his 
devices, the discovery of new elements 
He died on August 16 at his home at 
Heidelberg, Germany.” 

“At a meeting held recently by the 
Geographical Society of Berlin, undei 
the presidence of Herr von Richthopen, 
the question of an Antarctic expedition 
was considcied. From a geographical 
point of view, the fundamental problem 
as to the existence ol: an Antarctic con- 
tinent has not yet been solved, and be- 
sides this there are other questions foi 
which a solution is desiied, such as the 
geological structure and chaiacter of the 
Antiuctic soil, this being of impoitancc 
owing to the relation supposed to liave 
existed between South America and 
Australia. Among other questions are the 
study of masses of ice and their move- 
ments, the origin of cold oceanic cur- 
rents, the condition of atmospheric 
pressure and temperature in those re- 
gions, besides the questions relating to 
terresbial magnetism, etc.” 


“At last the question of the Nobel 
prizes has been finally decided and defi- 
nite arrangements have been made. 
After settling up the estate, it was found 
that the amount available for piizes 
exceeds $7,500,000, The prizes to be 
distributed are given annually for dis- 
coveries and inventions in physics, chem- 
istry, medicine, and also for the most 
meritorious work m hterature. The fifth 
prize is to be awarded to the person who 
has done the best work for advancing tlie 
fraternization of nations and for dimin- 
ishing armies and for the propagation of 
peace. Each of the five pnzes wiU 
amount to about $40,000. The first distri- 
bution will take place in December, 
1901, and the annual date for such dis- 
tribution is to be the 10th of December, 
the anniversary of the death of Alfred 
Nobek” 

“In the death of Robert Bunsen sci- 
ence has suffered a most severe blow. 
He was almost the last of the great men 


A UGUST 1849. “The Reports of the 
/jft Cholera published from day to 
day ill this city, have been so dif- 
feient from the weekly Reports of our 
city Inspector that we have concluded 
not to publish them any more, for no 
dependence whatever can be placed in 
them. The Report of the City Inspector 
makes out the number of deaths to be 
much larger than the Board of Health 
Reports. In the last week’s Reports there 
are 57 of a decrease as compared with 
the preceding week. The whole number 
of deaths last week was 1,352: of these 
692 were from Cholera.” 

“The increasing temperature, found at 
increased depths in digging the Artesian 
wells^ more particularly that of Crenelle 
in France, has been adduced by M. 
Arago,^and other philosophers as proof 
of central fires in the earth. Commander 
C. Morten, known as die propounder of 
the 'electrical origin of hailstones,"' mere- 
ly regards the increased temperature at 


mu IGO 


increased depths as the natuial conse- 
quence of increased pressure ol the at- 
mospheie, and as much a matter of 
course as the increased cold oi dimin- 
ished temperature iound to exist on as- 
cending mountains according as the 
atmospheiic piessuie diminishes in the 
ascent.” 

“Mr. Lyell stales that if we can sup- 
pose a mass of sandstone a mile m thick- 
ness to have its temperatm*e raised 200 
degrees Fahrenheit, it would lift a super- 
incumbent layer of rock to the height of 
ten feet. Calculations have been made 
by geologists which appear to account 
for the elevation of land in Sweden by 
a rise of only tlnee degrees temperatiue, 
(Reaumur) , supposing the stiatum to be 
1 40,000 feet thick. Upon a similai suppo- 
sition, the rise and fall of the wateis of 
the Caspian Sea miglit be explained.” 

“Two origins are now asciibed to 
limestone— one, dial of chemical precipi- 
tation; the other, to the labors ol the iu- 
fnsoria. Tlieic can be no doiilit that many 
of the enormous beds of this substance 
with which we arc famihai, are the re- 
sults of the accumulation of innumeiable 
millions of these tiny cieatiires. They 
swarm in all waters, indifferently in salt 
as in fresh, and secreting from the lime 
held in solution by such water the neces- 
sary material for then enoimoiis aggie- 
gation, cieale, in process of time, the vast 
strata of which we speak. The Great 
Pyramid of Egypt has been looked upon 
by men as a miracle oi human power 
and skill; yet eveiy stone in its composi- 
tion is a greater far, for the limestone of 
which the vast structure is limit was 
erected long ago by an army of humble 
animalcules more numerous than all the 
hosts of a thousand Pharaohs.” 

“The city of Milwaukie, Wisconsin, 
has now a population of 16,000. In 1835, 
it possessed only one while inhabitant.” 

“The American Association for the 
Advancement of Science, commenced its 
second annual meeting, at Harvard Hall, 
Cambridge, (Mass.) on Tuesday of last 
week. Professor Flenry was elected Presi- 
dent for the current year. The first paper 
read, was from Professor Secchi of 
Georgetown, relative to the causes of die 
Aurora Borealis. He propounded a theo- 
ry based uppn the powers of moist air as 
a conductor of Electricity, and gave 
much information on the subject.” 


THE FUTURE HOURS GREAT PROMISE 


Neither chance nor mere good foitune 
has brought this nation the finest tele- 
phone service in the world. The service 
Americans enjoy in such abundance is 
directly the product of their own imag- 
ination, enterprise and common sense. 

The people of America have put bil- 
lions of dollars of their savings into 
building their telephone system. They 
have learned more and more ways to use 
the telephone to advantage, and have 
continuously encouraged invention and 
initiative to find new paths toward new 
horizons. 

They have made the rendering of 
telephone service a public trust; at the 
same time, they have given the tele- 
phone companies, under regulation, the 
freedom and resources they must have 
to do their job as well as possible 

In this climate of freedom and re- 
sponsibility, the Bell System has pro- 
vided service of steadily increasing value 
to more and more people. Our policy, 
often stated, is to give the best possible 
service at the lowest cost consistent with 
financial safety and fair treatment of 
employees. We are organized as we are 
in order to carry that policy out. 


Bfxl Telephone Laboi atones lead the 
world in improving communication 
devices and techniques. 

Western Electric Company provides 
the Bell operating companies with tele- 
phone equipment of the highest qual- 
ity at reasonable prices, and can always 
be counted on in emergencies to de- 
liver the goods whenever and wherever 
needed. 

The operating telejDhone companies 
and the parent company work together 
so that improvements in one place may 
spread quickly to others. Because all 
units of the System have the same serv- 
ice goals, great benefits flow to the 
public. 

Similarly, the financial good health 
of the Bell System over a period of many 
years has been to the advantage of the 
public no less than the stockholders and 
cmplbyees. 

It is equally essential and in the pub- 
lic interest that telephone rates and 
earnings now and in the future be ade- 
quate to continue to pay good wages, 
protect the billions of dollars of savings 
invested in the System, and attract the 


new capital needed to meet the service 
opportunities and responsibilities ahead. 

There is a tremendous amount of 
work to be done in the near future and 
the System's technical and human re- 
sources to do it have never been better. 
Our physical equipment is the best in 
history, though still heavily loaded, and 
we have many new and improved facili- 
ties to incorporate in the plant. Em- 
ployees are competent and courteous. 
The long-standing Bell System policy 
of making promotions from the ranks 
assures the continuing vigor of the 
organization. 

With these assets, with the traditional 
spirit of service to get the message 
through, and with confidence that the 
American people understand the need 
for maintaining on a sound financial 
basis the essential public services per- 
formed by the Bell System, we look 
forward to providing a service better 
and more valuable m the future than 
at any time in the past. We pledge our 
utmost efforts to that end. 

LEROY A. WILSON, Tresident 
American Telephone and Telegraph Company. 

(Ffoni the 19 kS Anmial Report) 


TELBPHOZVE LABORATORIES exploring and inventing, devising 

AND perfecting. FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 
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You Can Have 
TOP IMAGE 
QUALITY 
in 

Cine Lenses 


For years, the world’s leading cameramen in Hollywood have preferred 
Bausch & Lomb Baltar Lenses. Hollywood’s finest motion pictures have 
been filmed with Baltats. All of the experienced lens design and manufac- 
turing know-how, accumulated by Bausch & Lomb in 
producing lenses for super-critical cameramen, has go ne^ta J ^ 

into the development of the new Animar series of lenses. ^ ^ 

Now you can have crisp, sparkling, brilliant images . . . S . 

TOP IMAGE QUALITY . . . that films movies in their 
magnificence of fine detail, subtle tone, and brilliant 

color. Use Bausch & Lomb Animar Lenses. ; f 
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FREE FOLDER! 

Get your copy from 
your local dealer . , . 
or write Bausch & 

Lomb Optical Co , 

781-H St. Paul St., 

Rochester 2, , 

New York ”J 
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mateur Telescope Making 


^ 500 pages, 316 illustrations 

$5.00 postpaid, domestic; foreign $5.35 

Amateur Telescope Making Advanced 

^ 650 pages, 361 illustrations 

$6.00 postpaid, domestic; foreign $6.35 

SCIENTIFIC AMERICAN, 24 West 40th Street, N.Y. 18 

Send a postal card for detailed information on these two books 



THE COVER 

The painting on the cover is an im- 
agined still lile and landscape set in 
the Italian city of Pisa dining the lile- 
limc ol Galileo Galilei (.sec -^0 ) . 
Act OSS the window sill in the lore- 
gioiind lies one ol the many tele- 
scopes made by Galileo Eying hat m 
liont ol it is a propoitional compass, 
another 0 1 Galileo’s inventions To the 
left aie a plane level and a cubical 
sundial. The bottle of pink fluid at the 
light is Galileo's '‘theimoscope.” 
Phinging above it is an armillaiy 
spheie, a contemporary device that 
was used to represent the 2:>os3tions of 
celestial objects. Tii the center of the 
ai miliary spheie hangs a lodestone. 
Behind it hangs an Italian astrolabe 
made in 1588, when Galileo was 24 
yoais old. In the backgromid is the 
lamous Leaning Tower, from which, 
conlraiy to legend, there is little icason 
to believe that Galileo ever dropped 
two objects of unequal woiglil. The 
objects in the foreground arc from the 
Smith Collection in the Low Memo- 
rial Libuuy of Columbia Univeisity. 
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SAUL DUSriMAN, 

Retired Assistant Director, 

Reseai ch Laboratory 

The Vacuum: Although the vacuum 
was little more than a scicnlific 
curiosity for ages, during the past 
two decades the art of producing 
and maintaining liigh vacuums has 
become an industrial process of 
great inipoi Lance. To realize this, 
you need only conhid<‘.r tlie radio 
industry; it depends for ils very ex:- 
istence on the use of vacuum proc- 
esses in turning out the extremely 
diversified range of eleclron tubes 
— from the little ones used in your 
radio receiving set to the mighty 
100-kilowatt tidies used by the large 
broadcasting stations. All of these 
must be evacuated to the highest 
degree obtainable, 

C.K. Mouogtam, 
July- A ugti St, 1 9 19 

★ 

I. F. K[NNARD 

Manager of Engineering, 

Meter <S Insiiument Divisions 

Current Transformers: During 
more than 50 years of continuous 
manufacture, it has been almost 
universal practice to insulate dry- 
type instrument transformers by 
wrapping a fibrous material — com- 
monly varnished cambric or crepe 
paper — around the transformer ('.oils 
and then impregnating this matrix 
with asphalt or a similar insulating 
compound. In many designs as 
much as one-quarter mile of crepe 
paper has been wrapped on the coils 
for proper insulation. Because of 
the complex configuration of the 
coils, most of this wrapping has 
been done by hand. It has, there- 
fore, long been the goal of instru- 
ment-transformer engineers to de- 
velop a method of molding or 
casting an insula ting ma terial around 
the transformer core and coils, thus 
eliminating the necessity for hand 
wrapping. 

After considerable experimenta- 
tion such a method, as well as a 


material suitable for use with the 
method, has been developed through 
the joint efforts of several divisions 
within the General Electric Com- 
pany. The result is ... a trans- 
former of unit construction, with 
all the component parts firmly 
molded together in a continuous 
casingof butyl. . . . Its performance 
characteristics represent a distinct 
improvement over older designs of 
transformers and arc due in large 
measure to the excellent properties 
of butyl and to the new concept 
of molded transformer insulation. 

General Electric Review, 
June, 1949 

ic 

C. G. BACON 

General Engineering <Sc Consulting 
Jjahoratory 

Corrosion: Practically all ehcunical 
clcmcuils can now be made radio- 
active and in considerable quanti- 
ties. For instance, a one-hundred- 
grain lot of radioactive iron can 
now be obtained at a nominal cost. 
Chemical combinations and proc- 
esses having iron or other elements 
as constituents can now be studied 
by substituting radioactive for nor- 
mal iron and following the course 
of the element through the action 
with suitable radiation-detection 
methods. Similarly such reactions 
as Lake place in steel and gasoline 
refining, metallurgy, corrosion, and 
other processes may be studied in 
this manner. 

An attack on the problem of 
corrosion by the application of 
radioactive tracers obtained from 
Oak Ridge is being made in the 
General Engineering Consulting 


Laboratory. Radioactive iron is 
used. . . . 

General Electric Review, 
May, 1949 

A 

R. C. SOGGE 

Manager, Standards Division 

STVND tRDs: The terms '^'standards” 
and ^^standardization” have v(iry 
broad meanings and have a g<'ncral 
applieation, so that we come in con- 
tact with some form of standards 
almost daily in our personal activi- 
ties as well as our business. One 
place where we frequently hear of 
standardization is in connection 
with mass production. The produc- 
tion of goods in large quantities 
makes it important that the prod acts 
and parts be readily interchange- 
able. Experience has shown that oik' 
of the most effective ways of bring- 
ing this about is through proper 
standardization. . . . 

In general, standards are good 
because they aid in the simplifica- 
tion of manufacture, conserve ma- 
terial and labor, help to attain 
lowest cost, increase output per imit 
of floor space, shorten production 
time, reduce inventory. Standards 
also promote a clearer understand- 
ing between buyers and sellers, and 
a whole group of standards pro- 
motes safety to employees of manu- 
facturing companies and to th('. 
public. • . . Practically all stand- 
ards contribute in one way or 
another to a lower cost of doing 
business. I think we might say that 
we pay for standards whether we 
use them or not, because we forego 
savings when we fail to use them. 

National Electric Manufacturers Assn , 
San Francisco, 
May 16, 1949 
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DPIIU^^ V^cmm Muffle Type Furnace, used tn production 
of special alloys for Jet engines. 


HIGH VACUUM FOR METALLURGY 


Metals that were little more than 
entries iri the periodic table a year 
or two ago come up today as full- 
grown metallurgical problems with 
production deadlines to meet. 

Jet- and rocket-builders calmly 
call for materials with specifica- 
tions that yesterday would have 
been suspected of misplaced deci- 
mal points. Abstruse properties, 
hitherto ignored, become vital 
criteria in developing alloys for 
atomic power engineering. 

The old cries, cheaper'' and 


'Tetter”, start fruitful hunts for 
new sources of common metals, 
for more efficient fabrication meth- 
ods in technics like powder metal- 
lurgy, for more favorable physical 
properties by minimizing entrap- 
ped gases 

In all these things high vacuum 
has a major part to play. DPI, 


with its vast high vacuum engi- 
neering experience, has much to 
offer in converting theoretical 
speculation to practical produc- 
tion efficiency. We invite inquiry. 


Just off the press- 

7%eiv 16 -page catalog on 
DPI High Vacuum 
Co ate n and Accesso- 
ries — sent on request. 
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Half a dozen or more decaying elements trapped in the rocks now serve 
as clocks by which physicists can date events in the histoiy of the earth 
going back to billions of years ago. A review of some of their findings. 48 

SEEING LIGHT AND COLOR by Ralph M. Evans 

Fundamentally we see not with our eyes but with our minds. Modern 
studies of the physics, physiology and psychology of vision prove the 
truth of the proverb; “The eye is blind to what the mind does not see.” 52 
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THE PERSONALITY 
OF PEOPLES 

With the aid of depth psychology, anthropologists 
are learning much about how a nation’s cultural 
patterns may shape the character of its citizens 


T he idea that human gioups dilfcr 
m peisonality* which louud a ra~ 
cluctio ad ahsiirdum lu the Nazi 
philosophy, is not, ol com sc, pccnliai to 
our time. Hciodotus discomsecl on the 
temperamental diflerences among the 
ancient Gieeks, Egyptians and Peisians 
Julius Caesai and Tacitus gave us 
thumbnail sketches of the psychology of 
the Celts and Germans. In all ages social 
philosophers have taken psychological 
difteiences among peoples foi gi anted 
and have tiled to account loi them. And 
thei e has always been a host of less judi- 
cious 01 less scrupulous wiiteis who have 
used the idea toi self-congratulation or 
foi the vilification ol foreigners. 

It would be hard to find a subject of 
continuing discussion that has been at- 
tended by more heat and by less conciete 
evidence. Only within the last 30 years, 
as ceitain phases of anthropology and 
psychology have developed, has it be- 
come possible to define the problems in- 
volved and to attack them directly. The 
fiist step has been to obtain a clearer 
definition of the human groups with 
which the investigator has to deal. Two 
sorts of groupings are obvious and easily 
recognizable; races and societies. Race is 
indicated by the individuaFs physical 
type. Membership in a society depends 
upon association and training and is in- 
dicated by the individuaFs behavior, the 
particular cultuie to whose patterns he 
adheres. Members of a particular racial 
group may be scattered through many 
societies while, conversely, a single so- 


by Ralph Lintou 

eicty may include members ol several 
difieient laces. 

To understand the i elutions between 
these two groupings, it is necessary to 
have a clear picture of what is meant by 
the teim ‘hace ” It is, unfortunately, a 
very geneial term, applied indiscrimi- 
nately to groups whose members sliow 
widely diffeiing clegiees of physical re- 
semblance, For scientific purposes it is 
more precise to classify people by (1) 
breed, (2) type and (3) stock. 

A breed is a homogeneous human 
group, usually small, whose members re- 
semble one another so closely that it can 
be assumed that all of them have a com- 
mon ancestiy in the not too distant past. 
This giouping coi responds to a breed of 
domestic animal, say the Irish tenier. A 
type IS composed of a number of bieeds 
which, though differing in minor re- 
spects, have many chaiacteristics in 
common. It corresponds roughly to such 
a group as rough-haired teiriers. A stock 
is composed of a number of breeds and 
types and is analogous to the more in- 
clusive grouping, teirieis. 

In the human species there has been 
so much mmng that today even mod- 
erately pure breeds are found only in 
culturally backward areas where outside 
contacts are infrequent. There are many 
types, however; examples aie the Nordic, 
Alpine and Mediterranean types m Eu- 
rope. All the European types, plus a 
number of otheis scattered through Asia 
and Oceania, together compose the Cau- 
casia stock. This is popularly known as 


the White Race, although some of the 
types assigned to it are actually daikei 
than the average Ameiican Negio. 

Occasionally, among isolated * primi- 
tive’* peoples, a breed may coincide with 
a society, but m geneial the racial and 
social divisions cut acioss each other. 
Eveiy known type and stock has repre- 
sentatives in several societies, and every 
civilized society, i.e , nationality, in- 
cludes membeis of several bieeds and 
types Thus eveiy Euiopean nationality 
includes Nordic, Alpine and Meditei- 
ranean types with all sorts of mixtures. 
Various nations diftei in the percentages 
of each type relative to the total popu- 
lation, but in no nation is a single type 
strongly dominant. Nor does the type 
have any significance as an indicator of 
social status, foi lepresentatives of all 
types are found at all levels of society. 
This means that for the aveiage Euro- 
pean or North American, the Caiicasic 
type diffeiences are of only academic in- 
terest. 

T he situation with lespect to slock 
diffeiences is quite otherwise. While 
most of us never notice whetliei a neigh- 
bor is Alpine or Mediterianean, all of us 
are keenly conscious of whether he is 
Negroid or Mongoloid. The white dom- 
inance of the world during the past two 
centuries has sensitized us to the physi- 
cal differences that serve as criteria for 
these groupings. At the same time, an 
uneasy conscience has made us eager to 
prove that white dominance lests on 
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CARE OF CHILDREN in various aociclies is illuslrated sivoly the typical Jispobition of infanta among the pco- 
in these drawings. Beginning at left they show succcs- pie of Alor (in Dutcli East Indies), in ,}apan, in New 


something more enduring than superior Thus a child with an LQ. of 100 might Yet most of this behavioi has been 

technology and militaiy skill. In recent be either the brightest or the dullest learned (jiiite objectively and can be 

times the search has concentrated on member of his family gimip, depending learned liy any outsider. An Arneiican in 

racial psychology, increasingly imple- on accident of birth. Whichever he was China soon becomes leasonably expert 

mented by modern testing techniques, would have much moie influence on liis with chopsticks— though it may be a few 

Very little of tliis work has been done experiences with other people and on his months bcfoie he can cope with a 

with human breeds, where inherited psy- resulting personality characteristics than poached egg. The nalive scholar whose 

chological characteiistics should be most would liis LQ. level in itself. tribal language has no woid for any num- 

obvious. Most of the studies have tried her larger than three can learn to lecite 

to determine differences between types rpHE finding that races do not differ the multiplication tabic in English, 

or even stocks. They have relied mainly J. significantly in inheuted psychologi- Moreover, he cun understand mathe- 

on tests foi special abilities and par- cal potentialities has been hailed with malical principles when lliey arc taught 

ticularly I.Q. A few attempts have been enthusiasm by the anti-racists and must to him, and can leaiu to solve problems, 

made to compare racial personality on be welcomed by all men of good will. At The acquisition of such skills need not 

tire basis of Rorschach and Thematic the same time, the layman is likely to mean any change in the attitudes, values 

Apperception tests. feel that the findings contradict common and emotional lesponses of the individ- 

Although the literature dealing with sense. Whatever the results of psycho- ual. The diffeient behavior norms for 

such studies is voluminous and often con- logical tests, experience tells him that the different societies, vaiious as they are, 

troversial, most authorities agree that the average Swede and the average Italian still leave a possibility that the apparent 

existence of significant racial differences act differently and even seem to think personality differences in the people 

has never been proved. On the basis of differently most of the time. This, how- themselves are no more than inuscle- 

the evidence it seems most improbable, ever, is because Swedes and Italians be- deep 

Indeed, we now know enough about tlie long to different societies and have been As men ol good will, all scientists who 

processes of personality formation to bi ought up in difl:erent cultures. Both have worked on problems ol peisonality 

make it seem unlikely that a specific kind are members of the same Caucasic stock and culture would be delighted to find 

of personality can be inherited. An in- and many individuals m both groups be- proof that the members of all societies 

dividuaFs psychological potentialities, long to the same racial types. Thus if as well as all races aie really alike. If 

which^ presumably are determined by eitlier overt behavior or personality were such were the case, it would be easy for 

biolo^cal factors, may be influenced by determined by race we might expect to all peoples in the world to get along lo- 

herediiy. His personality, on the other finds them much more alike than they gether, once the differences in their su- 

hand, is a result of the interaction of actually are. perficial habits had been recognized and 

these potentialities with his environment. That the behavior of people in differ- discounted. Most anthropologists with 

In Ais interaction his inherited poten- ent societies does differ is obvious to any- field experience are prejudiced in favor 

tiahties may not be the principal factor., oiie who has visited a foreign country, of such a view when they begin p^i" 
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Guinea, among American Indians, in modern U.S. and at the other extreme of child care the Japanese lend to 
in Malaya, TJic Alorese virtually ignore their children; make them the petted center of the family’s attention. 


sonality studies. If one lives intimately 
with another society for any length of 
time, he becomes more conscious of indi- 
vidual than of group differences. The 
longer he lives with “primitives,’* the 
more they stand out as distinct human 
beings who remind him of particular 
people he has known at home. It is only 
in recent years that it has become possi- 
ble to replace such informal judgments 
and wishful thinking with the results of 
genuine lesearch. 

The study of group differences in per- 
sonality and their causes is fraught with 
great diiBculty. The extent to which 
societies can be subjected to controlled 
experiment is strictly limited, and the 
factors involved in uncontrolled social 
situations are too complex to yield to 
mathematical treatment. In the study of 
personality in particular, it is impossi- 
ble for the investigator to reproduce in 
the laboratoiy the numerous and long- 
continued influences which shape the 
growing child. He can only observe chil- 
dren at different age levels and in differ- 
ent family situations, obtain life histories 
from grownups and try to deduce from 
such imperfect evidence whatever rela- 
tion may exist between experience and 
personality. 

In this study die work of the psycho- 
analysts has proved invaluable. In spite 
of differences in tiie theoretical ap- 


proaches of various schools, they have 
been able to show fairly constant lela- 
tionships between certain sorts of early 
experience and certain features of adult 
personality. Anthropologists, although 
more interested in societies and cultures 
than in individuals, have also contributed 
techniques. They have recognized for 
many years that cultures are integrated 
wholes, and that each culture tends to 
be organized about certain main activi- 
ties or interests. These inevitably play a 
part in shaping the personalities of the 
individuals in the society. Thus the cul- 
ture of the Plains Indians was organized 
around war and the highest rewards 
went to men who were brave and self- 
reliant. The techniques of child training 
were designed to develop these charac- 
teristics. On the other hand, the culture 
of the Tanala, a southeast Madagascar 
tribe, was organized about cooperative 
agriculture, and their main values were 
linked with tlie preservation of the ex- 
tended family groups into which they 
were organized. The highest social le- 
wards went to docile, obedient individ- 
uals with little initiative. Child training 
was directed toward developing these 
qualities, partly by strict disciplme, part- 
ly by an ingenious series of compensa- 
tions for the frustrations suffered. 

In most societies the approved metli- 
ods of child training might be expected 


to produce the sort of people who would 
find the society’s culture congenial. On 
this point the cultural evidence and the 
conclusions of the psycho analyst^* check 
each other very closely. A society’s meth- 
ods of child training produce attitudes 
which not only reinforce the existing pat- 
terns of its culture but also influence the 
acceptance of new patterns. The mem- 
bers of a society will readily accept ideas 
and appliances that are in line with their 
established attitudes and values; they 
will reject those wliich lun counter to 
them. For example, the early mission- 
aries m Polynesia were delighted to find 
that the natives took at once to hymn- 
singing and church socials, and kept the 
Sabbath with a vigor engendered by a 
long-standing belief in the fatal results 
of taboo-breaking. They were less 
pleased to discover that the converts 
could not be .convinced of original sin, 
and regarded chastity as a serious breach 
of good manners. 

I N recent years a number of psycho- 
logical tools have been added to the 
investigator’s equipment. Projective tests 
such as the Rorschach have improved 
and multiplied and better techniqties 
have been developed for the collection 
and study of life histories, analysis of 
dreams, and so forth. It is now possible 
to make a many-pronged attack on the 



problems oi personality and culture with 
a combination ol anthi opological and 
psychological techniques. The results of 
different techniques can be checked 
against one anothei, this featuie is im- 
portant because some of the techniques 
are still very much in the expeiimental 
stage. 

The most thorough and inclusive study 
of this soit that has been made to date 
was an investigation of the people of 
Aloi, an island in the Dutch East Indies. 
The investigatoi, Di. Coia Du Bois, or- 
ganized hei ethnological mateiial, ob- 
tained during two yeais in residence, 
aiound the life cycle of the individual 
This was supplemented by autobiogia- 
phies of 28 men and women, by chil- 
dren's diawings, by maze tests, by woid- 
association tests and by Rorschach tests. 
The mateiial from each test was ana- 
lyzed by a diffeient psychologist who 
was not informed of the conclusions 
reached by the other analysts. The auto- 
biographies weie studied by a psycho- 
analyst to deteimine personality pat- 
terns. The cultural material was studied 
by anthropological techniques to deter- 
mine dominant attitudes and values. The 
results of all these approaches were in 
fairly close agreement, making it possi- 
ble to establish both personality nouns 
for the group and the pre.sence of de- 
viant individuals. A number of less com- 
plete studies of other societies and cul- 
tures have confirmed the validity of this 
method 

Although a tremendous amount of 
work lemains to be done, ceitain facts 
about peisonality norms and personality 
formation have been established. It can 
be shown that all societies include a wide 
lange of peisonality types. In fact, given 
a large enough community, it should be 
possible to find any sort of individual 
personality that has been found else- 
wheie Nonetheless, the frequencies of 
the various types do differ enormously 
from one society to anothei. A person- 
ality pattern that is characteiistic of most 
of die individuals in one society may be 
so rare in another that it is consideied 
psychopathic. 

For example, Noith American Indians 
regarded mystical ecstasies and the see- 
ing of visions as quite normal, while in 
our society such experiences call for psy- 
chiatric observation. On the other hand, 
an aggressive, competitive personality, 
which IS the modern American ideal, is 
regarded as psychopathic by many In- 
dian tribes in which the great aim of the 
individual is to be completely average. 
It must be added that while unusual 
personality characteristics may place the 
individual at a disadvantage, this is not 
necessarily the case. In a society where 
die 'normal” personality is docile and 
passive, as among the Pueblo Indians, a 
rare and atypical aggressive individual 
may be in a pleasant position. He can 
dominate and exploit his neighbors, sub- 


ject only to the old adage that it is a long 
woim that has no tuimng. 

A LTHOUGFI no two individuals evei 
. behave exactly the same, even in 
similar situations, cultiiie sets limits to 
the normal 1 an ge of individual variation. 
It is this limiting pattern to which we 
must look foi clues about the dynamics 
of personality formation. The developing 
individual is shaped by the pattern in 
two ways. 1) by bis experience of what 
othei people, acting in accoi dance with 
the pattern, do to him, and 2) liy what 
he leal ns horn other people as a lesult ol 
imitation or instruction. Cultural influ- 
ences of the Hist soil begin to opoiate 
on the infant horn the moment ol bnth. 
According to the customs ol his society, 
he may be laid naked on a liaicl plank 
(New Caledonia), tucked into a padded 
cradle (Plains Indian), or lightly band- 
aged fiom the neck down (southern 
Europe) . He may be cairied about con- 
stantly (Malaya), or left alone half a 
day at a lime (Aloi). He may be fed 
whenever he cries (Malaya), on sched- 
ule (modem America), or simply when 
it suits his mollier’s convoiuence (New 
Cuinea), He may be the petted center 
oi the family’s attention (Japan), oi re- 
ceive only the minimum cuic necessary 
to ensure his survival (Alor). Training 
lo conliol his excretory tiiiiciious may be 
imposed within the first six months 
(Madagascai ), or may be delayed until 
he can learn by imitating his cldcis. 

Most depth psychologists insist on the 
great importance of such early expcii- 
ences in laying the gioundwoi'k for the 
developing peisonality. It is rarely pos- 
sible, however, to show a one-to-one 
relationship between a particular feature 
of early treatment and some characteris- 
tic of the adult personality. The effects 
seem to derive more from the atmosphere 
created by the method of infant caie 
than from any of its details. The care 
may be warm and affectionate or coldly 
indifferent, encouraging or repressive. 
Whatever the atmospheie, the child de- 
rives from it Ins earliest and most gen- 
eialized picture of the universe in which 
he finds himself. This is also his most en- 
during picture; it survives in the depths 
of his mind below all later acquired ideas 
and behavior patterns. It influences his 
anticipations, his appraisal of new situ- 
ations and— most important of all— his 
appraisal of himself as adequate or in- 
adequate, secure or insecure, loved or 
rejected. 

The results of such early experience 
are buried but never obliterated. They 
linger on at the subconscious level and 
are responsible for all sorts of reactions 
which people can recognize as irrational, 
even in themselves. The child who has 
been bullied by his father will always 
expect people in authority to bully him; 
even a mild and necessary exercise of 
power will make him cringe or infuriate 


him. A child who has been ignored will 
not only expect to be ignored m later 
life, but will be unable to respond to 
fiiendly advances. A child brought up m 
a family wheie numerous men and 
women caie for him like paients (a situ- 
ation found in many parts of Polynesia) 
develops a peisonality quite different 
from the Ameiican noun. He is sell- 
confident and pleasant, but has no ability 
to locus emotions Since no single peison 
IS ewer continuously lesponsible foi re- 
warding Ol frustialmg bun, he never 
leains to love oi hate wholeheaitedly. 
Idis attitude, when he pails with a Inend 
oi wile, is '‘Oh well, anothei will be 
along presently.” 

Most of these are unintended effects 
ol culture. In addition, eveiy society 
tries to shape its inembeis directly and 
consciously As soon as a child is old 
enough to imdei stand speech, people lie- 
gin telling him what to do and pointing 
out other people's behavior as something 
to be imitated or avoided. Apparently 
childien learn to learn and to imitate 
veiy miicb as they ac(juire other skills, 
and lor the same leason— it pays. Most 
ol the things that can happen to people 
in any .society have already happened a 
good many limes, and the society has 
worked out ways of dealing with them. 
It is lioth simpler and more rewarding to 
loam these ways, /.e., the society’s cul- 
ture patterns, tliaii lo tiy lo work out new 
solutions for oneself. Except m societies 
whose culUncs arc undergoing lapid 
change, .such as our own, most people 
can lead pleasant and efleetivc lives 
simply by learning without thinking, 

H OW fai these later learnings affect 
the deepei levels of the personality 
is the most impoitant problem now con- 
fronting students of personality and 
culture. It IS a well-known principle 
of psychology that behavior which is 
successful, i.e., icwaided, is thereby le- 
inforced. This is the basis of habit forma- 
tion. It is also an obscivcd fact that 
most ol the patterns of overt behavior 
which go to make up the culture of any 
society reflect attitudes and anticipa- 
tions, frequently unconscious, which aie 
shared by most of the society's mem- 
bers. We cannot say positively that the 
patterns of overt behavior, by their suc- 
cess in action, reinforce the deeper 
psychological patterns which they re- 
flect, but it seem.s likely that they do. 

Up to this point wc stand on fairly 
firm ground, but there is another side to 
the picture which may be of even greater 
practical significance. In individual 
learning, those responses that are pun- 
ished or simply not rewarded are extin- 
guished. This also holds for culture pat- 
terns on the level of overt behavior. The 
Plains Indians stopped going to war 
when the U.S. Army became too strong 
for them. They stopped hunting for buf- 
falo when there were no more buffalo. 
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So the iiltimLite question is this Is it 
possible, by extinguishing some ot the 
patterns oi: a cultuie and substituting 
others, to bung about a lasting change 
in the society's personality norms ^ The 
individual attitudes horn which these 
norms are derived begin to be estab- 
lished long before conscious instiuction 
can get undei way. Undei noimal cul- 
tural conditions, the norms are lein- 
foiced by instiuction and by the mdi- 
viduaFs latei expeiience as a member of 
society. The pioblem is whethci they can 
be extinguished by similai means. Fail- 
ing that, how far can they be modified 
and, in either case, what technupies aie 
most likely to piove effective 

This is a vital pioblem toi a changing 
world. If education can reach the deeper 
levels of personality, the pcisonalily 
norms of society can be changed con- 
sciously and purposefully. It these levels 
cannot be i cached after eaily childhood, 
the outlook is much less piomising, m 
fact well-mgh hopeless. The eaily expe- 
riences that shape an infanfs peisonahty 
derive not only from cultural patterns 
but also from the sort of ]:)eo}^le who ap- 
ply them. To change peisonahty norms 
at this level, it would be necessary to re- 
staft most nurseries. 

The peisonahty norms ot most socie- 
ties liavo shown a contmmty tlirough 
time that is highly depressing to those 
who laboi in the cause ot sweetness and 
light. Moreovei, most widely publicized 
attempts to change national eharactei 
have not been particulaily successful. 
The Russian Brave New Woild seems 
strangely lamihar to one who knows that 
country’s history. The Nazi experiment 
seems to have been less an attempt at 
fundamental change than a shift in em- 
phasis among psychological patterns al- 
ready well established. The Fascist at- 
tempts of various Latin countries have 
reflected their vaiying personality norms 
with striking fidelity. 

liowcvei, none of this is conclusive 
and the outlook is not as dark as it seems. 
Side by side with such attempts to im- 
pose change from above, there have been 
otbei attempts which corresponded to a 
real united will for change— and which 
have been successful. These changes can 
be traced in the lise and stabilization of 
various religious sects, and it is here that 
we are most likely to find the knowledge 
which will enable us to develop effective 
techniques for reshaping personality 
norms. In a Lime when change m certain 
aspects of 'luiman nature” has become 
necessary to the survival of our species, 
it is comforting to know that il can be 
done and has been done. The problem 
of the scientist is to find out how. 



Ralph Linton, Sterling Professor CONTRAST IN CHARACTER that is produced by the basic differences 

of Anthropology at Yale Univer- in attitudes of two tribes is typified here in contrasting Indian dress. Tlie 

sity, is the author of The Ciil- Ziuii Indians (left) were a passive group. The Comanche (rigfet) , wliosc'cul- 

tural Background of Personality. ttire was built around war, developed belligerence as a personality norm. 



The 19 th element of the periodic table has fascinating 
physical and biological eccentricities. Its behavior in 
cells is one of the fundamental characteristics of life 


by Wallace 0. Femi 


A NORMAL human adult has 
enough potassium in his body to 
kill 100 people il it were injected 
into their blood, yet il he got no potas- 
sium in his diet he would soon be para- 
lyzed and die. The element is lemaikable 
in many ways. Although il is an inoiganic 
substance, it influences so many biologi- 
cal processes that it must be considered 
a basic stuff of life. On the other hand, 
potassium is as intiiguing to geologists 
and physicists as it is to biologists. As a 
natuially radioactive element, it has 
played a key role in the geological his- 
toiy of the earth. Its physical and chemi- 
cal properties aie peculiar and in some 
lespects unique. Indeed, potassium is 
coming to be recognized by biologists as 
one of the most inteiesting and signifi- 
cant among all the 92 natural elements. 

Until recently the element was of in- 
terest chiefly as an ingredient of fertiliz- 
ers and industrial potash. It derived its 
chemical symbol, K, from the Geiman 
kalium, meaning'pot- ashes,” and its Eng- 
lish name is a modification of the trans- 
lated term, But it had been used a good 
while before it had a name. The Romans 
knew that a soft soap could be made 
from wood ashes. Potassium was the 
basis of one of the fiist industries estab- 
lished in the New Woild: the James- 
town colony began to ship wood ashes 
to Europe in 1608. The element’s im- 
portance as a plant food was not dis- 
covered, however, until 1840, when the 
German chemist Justus von Liebig found 
that the “bittei salts” being tluown away 
at German salt mines were an excellent 
fertilizer. Today most of the potassium 
sold is used for this purpose. Rich depos- 
its of sylvite, or potassium salt (KCl), 
were found in 1931 in New Mexico at a 
depth of 962 feet, in the undergiound 
bed of what was probably an ancient, 
dried-up lagoon. 

The first to isolate the element itself 
(in 1807) w^as‘ the chemist-poet Sir 


Humphiy Davy, Pure potassium is a 
soft, bluish-silvery metal— one ol the se- 
nes of alkali metals that includes lithium, 
sodium and lubidium. Each element in 
this senes ol the periodic tabic has only 
one election in its outermost shell. The 
single electron is easily lost to another 
atom, so these elements generally carry 
u po.sitive charge, and they are vciy ac- 
tive chemically. The importance of po- 
tassium to plant and animal life lies in 
the fact that it is the dominant positively- 
charged substance m protoplasm. One of 
the remarkable facts about potassium is 
that, although it is a close chemical rela- 
tive of sodium, being next above that 
element in the alkali series, its chemical 
behavior is very different. In living or- 
ganisms potassium and sodium some- 
times show directly opposing effects, and 
potassium cannot be replaced by sodium. 

Before we go into the biological lole 
of potassium, we need to consider some 
of the physical peculiarities of the ele- 
ment. Its outstanding eccenlxicily is that 
it IS the lightest element with a naturally 
radioactive isotope; in fact, in the whole 
lower third of the periodic table this is 
the only substance that is radioactive m 
natuie. Potassium, whose atomic number 
is 19, has six known isotopes. Three oi 
them (K-38, K-42 and K-43) are artifi- 
cial, unstable, short-lived freaks created 
by bombarding potassium or other atoms 
with high-speed deuteions or alpha pai- 
ticles. The natural element is made up 
of the isotopes K-39, K-4() and K-41, 
Of these K-39 and K-41 are stable and 
account for nearly 93 4 per cent and 
6 6 per cent, respectively, of all natural 
potassium. The natural radioactive iso- 
tope is K-40, a very long-lived species 
with a half-life of 1.3 billion years. K-40, 
now in the last stages of radioactive de- 
cay, survives today as only ,012 per cent 
of natural potassium, and its significance 
is dwindling away to nothing. It was un- 
doubtedly of great importance, however, 


in the eaily history of the earth’s ciust. 
Making reasonable assumptions about 
the rate ol decay and early abundance 
ol K-40 and the cneigy given off by its 
ladioactivo disintegration, it can be cal- 
cnlalcd ill at the heat produced would 
have boon groat enough to keep the 
earth in a molten state. It appeals highly 
probable that the decline of K-40 
through radioactive decay was an im- 
portant factor in the hai cloning of the 
earth’s crust. 

In gcneial, isotopes with an even imm- 
bei of neutrons are stable, and those with 
an odd number unstable, K-40 has 19 
piotons and 21 neutrons, so it decays to 
an element with an even number of 
neutrons. But here again potassium’s be- 
havior is peculiar. K-40 can decay m two 
different ways, by emitting an electron 
01 by capturing one. Il is as if the atom 
could not decide whether it had too 
many neutrons for its protons or too 
many protons for its neutrons. Usually it 
sheds a beta particle (electron), thereby 
conveiting one ol its neutrons into a pio- 
ton, and is tiansformed into calcium 40. 
But about one atom in seven leverses the 
piocess: it picks up an electron from its 
inner electronic shell, the so-called K 
shell. The electron neutralizes one of its 
protons, and the atom drops to the next 
lower atomic numbei, becoming aigon 
40. Apparently K-40 can also discharge 
a positron from its nucleus with the same 
result. Since most of the K-40 disinte- 
grates to calcium, it is a plausible assump- 
tion that all of the calcium which is now 
on the earth was originally present a.s 
potassium. 

There is one further interesting fact 
to be noted about the element. It is much 
less abundant than sodium in ocean wa- 
ter, but more abundant than sodium in 
sedimentary rocks. Certain evidence sug- 
gests that living cells are at least partly 
responsible for the extensive removal of 
potassium from the oceans. Marine or- 


gcuijsms may have pioduced this result 
by absorbing potassium into theii cells in 
pielerence to sodium. When they died 
they sank to the sediment on the bottom, 
taking the potassium with them. 

P OTASSIUM is taken horn the soil by 
the loots ot plants. Each crop re- 
moves 20 to 150 pounds of potassium 
per acre. But the insolubility of potas- 
sium compounds in the soil makes a veiy 
large fraction of the total potassium of 
the soil unavailable lor plant use. It is 
only the exchangeable potassium, that 
fraction which can be washed out by ex- 
change with other positively-charged 
ions such as ammonium or hydiogen, 
that IS available for plants. Thus the 
plant root in relation to potassium is like 
a man on a life raft with only a mouth- 
ful of rain water. Except tor his meager 
supply there is ‘water, watei eveiy- 
where, nor any diop to diink.'* This 
analogy emphasizes in an exaggeiatod 
manner the scarcity ol the soluble rela- 
tive to the insoluble potassium. For the 
glowing of crops, the 20 to 150 pounds 
pel acre taken as plant food and the 10 
to 15 pounds per acie lost by leaching 
should be leplaced by feitilizei each 
year. 

My colleague, Frodeiick C. S to waul, 
has made a special study of the processes 
by which a plant is able to absoib po- 
tassium, and he has shown clearly that 
absorption always involves an mciease in 
the rate of respiration. Furtheimore, the 
lespiration apparently supplies energy 


tor protein metabolism . Potassium moves 
into such cells when protein metabolism 
is high. In the case of yeast, however, 
potassium moves into the cells when they 
are given glucose, i.e., when theii carbo- 
hydrate metabolism is high. When the 
yeast has consumed the sugar, the potas- 
sium returns to the solution outside the 
cells. Theie is some evidence that potas- 
sium is required toi certain specific re- 
actions within the cell in which phos- 
phate IS transferied from one compound 
to another Presumably some such leac- 
tion is the basis foi the important role 
played by potassium m so many physio- 
logical piocesses in both animals and 
plants. 

In plants, as in animals, nearly all of 
the potassium is inside the cells. Theie 
is little or no sodium in plants, although 
some can be taken up if the concentra- 
tion of sodium is very high in the soil or 
if there is a deficiency of other positively- 
chaiged ions which the plant would 
“piefer” to have. It is this relative ab- 
sence of sodium from plant cells which 
gives to plant-eating animals their crav- 
ing for sodium salt, a symptom which is 
vciy familiar to cattle farmois. Since 
plants can take up sodium if there is 
plenty available, it is not surprising to 
find this element in marine plants. This 
distinction lietween sea plants and land 
plants is a very old one; it was known at 
the time of Pliny the Elder that the ashes 
of the formei made a hard soap and the 
ashes ol the latter a soft soap. Eventu- 
ally the formci came to he designated as 


mineral alkali oi sodium and the latter 
as vegetable alkali or potassium. 

The most difficult and most fascinat- 
ing of all the potassium problems is the 
mechanism whereby it becomes concen- 
trated in the interior of living cells. The 
human body has approximately 175 
grams of potassium. Of this only thiee 
grams is found outside the cells. The 
cells hold two thirds of the body water 
and 97 pei cent of the total potassium 
of the body. On the other hand, the 
sodium of the body is located almost en- 
tirely outside the cells in the extracellulai 
spaces— in the blood plasma, the con- 
necting tissue and the fluid in the intei- 
stices between the cells. 

The stoiage of potassium in cells may 
be regarded as a piotective device to 
avoid the toxic effects that occui when 
the potassium concentiation in the 
bloodstream increases unduly. If this 
concentration in the blood increases to 
more than three oi four times normal, 
the beating of the heart will stop. Witli 
a little furthei increase, neives cease to 
conduct their impulses and muscles fail 
to contract. If as little as six per cent of 
the cell potassium were allowed to es- 
cape quickly into the exh acellular space, 
die organism would piomplly die. Fortu- 
nately the cells ol our bodies never le- 
Icase their potassium so long as they aie 
alive, except slowly and in very small 
amounts. 

The normal human intake of potas- 
sium is about three grams pei day. It 
would not be difficult at a big banquet 



SODIUM AND POTASSIUM arc members of the same 
chemical family. Sodium has 11 electrons circling in 
three orbits around a nucleus with 11 protons, Potas^ 
sium has 19 electrons circling in four orbits around a 




nucleus with 19 protons. Each has only one electron in 
its outermost orbit, which gives them similar chemical 
characteristics. Yet in animal systems potassium is nor- 
mally concentrated inside the cells and sodium outside. 
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SIX NUCLEAR SPECIES of polasaiimi are known, of 
which three are made artificially. The three natural iso- 
topes are K-39, K-40 ami K-41, K-39 aecoinits for 93.38 


jier cent of the ]>otaHsiuin in nulur<% K-ll a<*eounts for 
6.61 ])er cent and K-40 for .01 per cent. Radioisotopes are- 
shown in red. Protons ar<j (hnioted ))y [), neutrons hy n. 


to eat enough potassium to put oneself 
‘'under the table” peimanently, it the 
cells of the body did not watch over the 
rising level of potassium in the blood as 
the food is absoibed from the intestines. 
The ceils can store 30 giams of extia 
potassium. The kidneys also help. They 
eventually excrete in the urine nearly all 
the potassium in food except small 
amounts needed foi the growth of new 
cells, a little is also lost in perspiiation 
and in tlie feces. 

T he toxicity of potassium, curiously 
enough, was first discovered in a 
meat extract prepared by the German 
chemist von Liebig and put on the 
market as a food for infants about 1840. 
When this extract was fed to animals m 
sufficient quantity, the animals died, 
with symptoms later recognized as those 
of potassium poisoning Fortunately hu- 
man beings, and perhaps other animals, 
have a protective mechanism against 
concentrated potassium; they vomit if 
the stomach is offered too much of it. 
This has often been observed among 
physiology students when they drink 
rather concentrated solutions of potas- 
sium chloride, m accordance withlabora- 
toiy direction sheets, to illustrate the 
excretory powers of the kidneys. When 
such experiments are not nauseously and 
abruptly terminated at the sink, it is 
found that half the potasstan appears in 
the urine in about four hours. 

Extraordinary records -in kidney ex- 
cretion have been observed in laboratory 


animals. Tn the writer’s laboiaiory some 
mice were kept on a very high potassium 
diet and potassium was even added in 
then dunking watei in amounts that 
they could barely tolerate. Eveiy day 
foi nine days they ingested an amount 
of potassium equal to the total contained 
in their bodies, but when they were 
killed and analyzed for potassium at the 
end of the experiment, they were found 
to contain no moie potassium than nor- 
mal mice of the same size. The kidneys, 
in other words, had been able to keep up 
with the excessive intake. Moie recently, 
Jonathan S. Thatchei and Aitlmr W. 
Radike at Ohio Slate Univoisity have 
given potassium to rats by stomach tube 
in increasing amounts Thus conditioned, 
the rats weie finally able to tolerate doses 
containing half the total potassium of 
the body, given four times at four-hour 
intervals. The rats could also be condi- 
tioned to tolerate this tremendous influx 
of potassium by preliminary treatment 
with extiacts of the adrenal coitex. 
When the secretions of this gland are 
absent, the excretion of potassium hy the 
kidneys is impaiied and it accumulates 
in tlie blood. It would be expected, 
therefore, that injections of extiacts of 
this gland would facilitate the excretion 
of potassium by the kidneys. 

These experiments show how difficult 
it is to poison the body with potassium 
when it enters the bloodstream slowly, 
as it must from the intestines. If, how- 
ever, potassium is injected quickly into 
die bloodstream, it is extremely toxic. It 


is much moie toxic when injected into a 
vein than into an arteiy; Irom the vein it 
goes directly to tlie heait and may stop 
tlie beat, whereas iiom the artery it goes 
to some less sensitive capillary bed in the 
skin or muscles, wheic it diffuses thiough 
the porous capillary walls and is taken 
up hy the tissue cells. Even in the heart 
potassium would not be fatal if it could 
get thiough the organ before it stopped 
beating. When the heart stops, however, 
the potassium is left in its chambeis and 
coronary vessels, ivhore it is most haim- 
Jiil II the hand ol a .smgeon could reach 
in at this junctuic and massage the heait 
before it dies of lack of oxygen, the heait 
would probably lecover and resume its 
beat. 

This suggests a practical method of 
resuscitation from electi ocution. A strong 
electric current through the heart stimu- 
lates different parts ol the heart at differ- 
ent stages in its recoveiy from the pie- 
vious beat. Thus the coordination of the 
beat IS destroyed and the cficctiveness of 
the heait as a pump is nil. The heait 
muscle no longer beats rhythmically, but 
instead it seems to “squirm” in a hap- 
hazard manner. The individual fibers are 
still beating but they are out of phase 
with one another. The cardiologist calls 
this fibrillation. If potassium were in- 
jected at this stage in a suitable concen- 
tration, it would stop the heart. If the 
potassium were then displaced by a 
second injection of sodium chloride or 
eliminated by manually squeezing the 
heart, the normal coordinated beat could 
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be lestorecl without any lesidual dam- 
age. Such tieatment lequiies gieat skill 
with the hypodeimic needle, however, 
and to be useful must obviously be 
prompt. 

When the heait dies, its cells give up 
some of their large potassium stores and 
the element diffuses into the blood. 
Thus lethal concentrations of potassium 
aie always ioimd in the heart after 
death. (Wiileis of detective stones 
might well take note of this fact. Potas- 
sium would be an undetectable poison, 
foi chemical analysis of the blood of a 
victim killed by it would not show any 
foieign substance.) 

It IS a sti iking and puzzling tact that 
this substance, which is so toxic in the 
blood, is stored safely in large amounts 
inside the cells, whcie it is not only 
haimless but is probably required loi the 
jiiopei metabolism of the cells. And the 
statement that potassium is toxic in the 
bloodstream also requnes some qualifi- 
cation. If the blood had no potassium at 
all, the heait would be just as much in- 
capacitated as with too much potassium. 
For Its normal beat the heait requires m 
the blood plasma about 100 paits of so- 
dium to four paits of potassium and two 
parts of calcium. These are approximate- 
ly the relative concenti aliens ol the three 
substances in the ocean. In spite of the 
gicat changes in living foims wi ought by 
evolution, the basic living cells appai- 
ently still feel the need of a sally cn- 
viionment like that in which life presum- 
ably began. 

P PIYSICIANS now realize the dangers 
of too low a level of potassium in the 
blood. There is a heieditaiy syndrome 
called familial peiiodic paralysis in which 
the muscles become paralyzed, although 
foitunately it does not affect the muscle 
of the heart, at least for a time. The dis- 
oider can be treated by giving potassium 
by mouth. A potassium deficiency also 
sometimes occurs in patients who are 
given fluids intravenously in large 
amounts, If these contain no potassium 
and if the patient is not able to take a 
regular diet containing a supply of potas- 
sium, there may be so large a loss of 
potassium through the kidneys that the 
deficiency is felt: muscles become weak 
and death may result Persistent dial rhea 
in infants likewise may deplete the body 
potassium, foi all the intestinal secie- 
tions contain considerable amounts of 
potassium— three oi more times as much 
as the blood plasma. Ordinarily this po- 
tassium is reabsorbed into the body, but 
when the intestines aie not lunctioning 
properly it is lost. A dose of potassium at 
a critical time may often relieve a paraly- 
sis and save a life. 

A method for quickly analyzing the 
potassium in body fluids has recently 
been developed and is rapidly making its 
appearance in hospitals. The instrument, 
called the flame photometer, makes it 


possible to find out quickly whethei a 
potassium deficiency is threatening. It is 
essentially a gas burner into the base of 
which the solution to be investigated is 
intioduced in the form of a fine mist fiom 
an atomizer. Each solution gives the 
flame a chaiactenstic color. Light from 
the flame is then passed through a filter 
which isolates wavelengths chaiactenstic 
of potassium or whatevei other sub- 
stance IS to be identified. The intensity 
of this light is measiiied by a photoelec- 
tiic cell. By the use of such an instill- 
ment, John S. Lockwood and his staff m 
the geneial suigical seivice at the Co- 
lumbia Univeisity Medical Centei be- 
lieve that tliey have been alile in the last 
IS months to save the lives ot 10 patients 
who would otherwise have died 

The flame pliotometei is ceilain to 
show oihci applications of potassium 
tieatment in disease m the next few 
yeais. At least two oilier applications 
have already been woiked out by the 
tiaditional laboiious chemical methods 
In cases ol surgical shock the blood gams 
potassium not only fiom tissues actually 
injmed by the opeiation or accident but 
also from the liver and other tissues 
whcie it is stoicd This potassium poison- 
ing, while not appaienlly the piimary 
cause of death, may soniclimcs be a con- 
tributing lactoi. Potassium may also be 
imjioitant in Addison's disease, in which 
the sccietions of the adienal cortex are 
deficient. Among their othei functions, 
the hoimoncs of this gland serve to re- 
tain sodium in the body and to exciete 
potassium. In their absence excessive 
amounts of sodium are lost, and potas- 
sium is not piopeily excreted by the 
kidneys, Thus the symptoms of potas- 
sium poisoning may appear. Low-potas- 
sium foods Ol the administration of so- 
dium chi Glide will prolong life in this 
condition. 

Although potassium belongs mostly 
inside the cells, it must not be supposed 
that it is sealed up in them by an imper- 
meable mcmbiane. If a Utile ladioactive 
potassium ( the isotope K-42 ) is injected 
into the blood, it rapidly exchanges with 
the common isotope K-39 in the cells, 
showing that the membranes are per- 
meable to potassium. This exchange is 
particularly rapid in the hvei, which 
seems to be a sort of first line of defense 
against injected potassium; it is paiticu- 
larly slow in the brain and m the led 
blood coipiiscles, which seem to main- 
tain their normal volume by a lelative 
iSmpermeabihty to potassium. If potas- 
sium went into the red cells freely it 
would take water and chloride witli it 
and swell the cells until they hurst. 

The fact that potassium does enter the 
red cells slowly shows that there are 
some active metabolic processes in cells 
which can take potassium in or let it out 
as needed. When the cells have plenty 
of sugar to bum they may take in potas- 
sium, but when the sugar is used up the 
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potassium comes back into the plasma. 
In tliis respect they lesemblc yeast cells. 
When red cells ai*e stored at low tem- 
peratiiies (as in the Red Cross blood 
banks), potassium slowly leaks out into 
the plasma. If the cells aie warmed up 
again, the metabolism is increased and 
potassium returns to the cells from the 
plasma. It is remaikable indeed that po- 
tassium very frequently seems to follow 
the sugai into or out of the cells. Thus if 
an animal is startled or subjected to a 
situation, such as acute lack of oxygen, 
sufficiently critical to cause it to seciete 
adrenalin, some of the sugar comes out 
of its liver into the blood and the potas- 
sium concenti'ation of the blood simul- 
taneously goes up. Likewise if much 
sugar is put into the blood, it moves into 
the tissues and takes some potassium 
with it. Ill this way sugai may bring on 
an attack of familial periodic paralysis in 
the victims of this disease. 

P OTASSIUM also moves about in the 
body during exercise. When muscles 
conti’act, they lose some of theii* potas- 
sium and absorb a nearly equivalent 
amount of sodium fiom ihe bloodstream 
m its place After exercise, when the 
muscles are recovering, the reverse 
piocess takes place. There muvSL of 
course be some limit to this process, else 
one might run oneself to death by build- 
ing up the potassium in the blood to dan- 
gerous levels. Such potassium as is lost 
from the active muscles is normally 
taken up by inactive parts of the body. 
Possibly also a high level of potassium 
in the blood may make the muscles feel 
tired or make them less able to contract, 
so that the leakage from the muscles 
would be self-limiting. 

There are few bodily processes that 
are not influenced in some way by 
changes in the concentration of potas- 
sium in the blood plasma, which is the 
eSective envhonment of all the cells of 
the body. Yet potassium is only one of 
the factors in this environment. When 
one of these factors changes, others usu- 
ally change also. Among these other fac- 
tors are sodium, chloride, calcium, mag- 
nesium and the degree of acidity or al- 
kalinity. On account of this interdepend- 
ence of many factors it is impossible to 
say that potassium is the most important 
factor; it is sufficient to designate it mere- 
ly as one of the factors about which 
a great deal has been learned in recent 
years. 

One of the chief characteristics of a 
living cell is die high potassium content 
of its interior. If we Imew just how the 
cell manages to maintain this content, so 
different hom that of its environment, 

- we should know a lot about what a living 
cell really is. There are two theories in 
circulation today. According to fhe Con- 
way-Boyle theory, potassium enters the 
cell to, combine with or to neutralize 
organic acids that are formed inside t)[ie 


cell and lia\e molecules too huge to come 
out thiough the cell membiane, they can 
be reached only inside the cell Sodium, 
on the otlier hand, cannot penetiate the 
membrane to seive this purpose, or to 
exchange with potassium. Its ion, which 
IS charactcustically smiounded by a shell 
of water molecules, is too large This 
iheoiy has been stated in exact mathe- 
matical terms by E. J. Conway of 
Dublin and has been suppoiled l:>y some 
very good experimental data. Conway 
has succeeded j)retty well m answering 
most oi the objections to his theory, but 
he has not satisfactorily explained the 
fact that muscles do seem to be perme- 
able to sodium, as shown by experiments 
with a radioactive isotope of sodium, 
Na-24. 

The second theory to explain why 
potassium rather than sodium is accumu- 
lated in cells is that sodium does enter 
the cells but is pumped out again by 
some unknown mechanism. This theory 
was fiist proposed by Robeit B. Dean at 
our laboiatory. A pump which consist- 
ently cleared the colls of sodium would 
explain all the observations, but tbe na- 
ture of such a pump is entirely unknown 
and except in a mathematical sense the 
suggestion contributes little to an under- 
standing of the real mechanism. To the 
specialist these theories arc of absorbing 
interest, however, for they stand at the 
very center of the organizational piob- 
lem of living nialeriah 

The high concentration of potassium 
inside cells is believed to have an iinpoi- 
tant effect on the electrical cmTcnts of 
the body. The membranes of cells appear 
to be permeable to potassium, yet there 
is a marked diflference in the concentra- 
tion of potassium on the inside and the 
outside of a membrane. It is as if the 
small, positively-charged potassium ion 
found itself able to penetrate the mem- 
brane but was held back by the large 
organic phosphate or protein molecule 
with whicli it was combined. This results 
in an orientation of molecules near the 
surface of the cell, with the positively- 
charged potassium jpointing outward and 
the negatively- charged phosphate point- 
ing inward. The result is a polarization 
of the membrane, and a difference in 
electrical potential of about seven hun- 
dredths of a volt between the inside and 
outside of the cell. 

If this is a muscle or a nerve cell, 
which can be stimulated to contiaot or 
conduct a nerve impulse, it is believed 
that the membrane suddenly becomes 
more permeable, thus temporarily di- 
minishing the potassium polarization and 
causing a brief pulse of current. Potas- 
sium therefore appears to be responsible 
for the electric currents familiar as elec- 
trocardiograms and brain waves. There 
are also many other electrical pulses 
known to physiologists originating in all 
ihe nerves and muscles of the body. Thus 
the energy of stored potassium can be 


transfoiniecl by the body into electrical 
energy. 

The skin of animals, iiiclnding man, 
js polarized in a similar way, except that 
the inside is positive and the outside is 
negative The cause of ibis diffeiencc in 
jiotential is not precisely known, but it 
may be fundamentally i elated to differ- 
ences in the disliibntion of potassium in 
the various layers of the skin. Whatever 
the explanation, it is well known that 
when the skin is even slightly injined, 
the ngured area has a negative charge. 
The process of healing can be followed 
by measuring tbe potential of the injured 
area from time to lime. 

From the joregoing discussion it is 
evident that potassium moves about in 
the body by diffusion, absoiptioii or se- 
cretion. DiiluvSion from a high concen- 
tiation to a lower one we can under- 
stand, but absorption and sccietion are 
words to conceal our ignoiance. Potas- 
sium probably enteis the blood from the 
intestine largely by diffusion, but some 
absorption process may be involved. 
Potassium must enter cells against the 
concentration gradient, and here also 
there is evidence that some active me- 
Laliolic process participatesx Fiom the 
bloodstream, potassium roaches cells by 
diffusion through tlio walls of the capil- 
laries, lYom the kidneys, potassium 
leaves tlic body by filtration of fluid and 
salts and by active ''secretion.’* 

A ll of these processes would seem to 
■ offer some opportunity for a sepa- 
ration of the different isotopes of potas- 
sium. Rates of diffusion aic inversely 
proportional to the square roots of the 
atomic weights, so the rates of diffusion 
of K-39 and K-41 might differ by 2.4 
per cent. For this leason it is conceivable 
that during a lifetime there might de- 
velop in the body an excess of either the 
lighter or the heavier isotope, depending 
upon which one of the various diffusion 
processes mentioned might be the more 
important. Many efforts to discover some 
isotopic separations of this sort have 
been made, A. Keith Brewer of the De- 
partment of Agriculture has studied the 
relative abundance of K-39 and K-41 by 
the use of the mass spectrometer. He has 
reported a relative deficiency of the 
heavier isotope in bone marrow and a 
relative excess in the auricles of the 
heart. He has also found some excesses 
of K-41 in kelp and other plants. But 
these interesting findings require further 
confirmation* 

In the writer's laboratory an effort was 
made to determine the relative abun- 
dance of the radioactive isotope K-40 in 
potassium isolated from human ashes 
obtained from the crematorium of the 
medical school. Counts were then made 
with a Geiger counter of the number of 
disintegrations obtained per second 
from this human potassium, as compared 
with another sample of laboratory potas- 



sium tieated ui exactly the same manner. 
Averaging many experiments toe;ethei, 
vve seemed to find a relative deficiency 
of K-40 of about 2.3 per cent in human 
potassium, but the difference was so 
small as to be of somewhat doubtful sig- 
nificance. More lecently Loiin Mullins, 
who made the original e.xpenment, has 
repeated it with betlci apparatus and 
has found no difteiences in the relative 
abundance of K-4() in samples derived 
horn lava rock, beach wood, hoi sc bones, 
cow bones and ordinal y commercial 
sources What systematic ciror may have 
entered into the expciiments we pei- 
formed we cannot say, but it now seems 
very doubtful that there is any natmal 
sepal ation of potassium isotopes by liv- 
ing cells. 

The importance of the natuial radio- 
activity ol potassium m geological pioc- 
esses has aheady been mentioned. It 
lemains to discuss the possible ]7iological 
role of these ionizing disintegrations, 
which aie occuiiing in our bodies con- 
tinuously at the Kite of about 3,500 per 
second, oi about ihice disintegrations 
per giam of tissue every minute. Thai 
these discharges of electrons from K-40 
have impoitant effects on the hcait beat, 
on nervous activity and on photosyn- 
thesis ill plants has often been suggested, 
but no proof has been lorthcoming. Cer- 
tainly the paralyzing effects on the lieart 
and muscles of abiioimally low potas- 
sium in the blood plasma arc not due to 
lack of this radioactivity, because plenty 
of ladioactivily reaches the cells from the 
potassium withm them. 

It IS of cour.se possible that ionizing 
radiations may have some obscure effect 
on long-term processes such as aging. It 
would indeed be interesting to study the 
aging of animals that were protected 
from exposme to cosmic lays and were 
laised on potassium liee of the ladioac- 
tive isotope. The experiment is impossi- 
ble to cairy out at picscnt. In any case 
there is no icason to expect that it would 
provide the key to immortality. 

The possibility that K-40 or cosmic 
rays may cause mutations m plants and 
animals seems more plausible, but a cal- 
culation ol the intensity of such radia- 
tion to which their germ cells arc exposed 
indicates that the chances of this are 
very remote, K-40 produces an intensity 
of radiation in the body which is of the 
same order of magnitude as that caused 
by cosmic rays. But it is a much less 
potent source of chronic radiation than 
radium, which tends to accumulate to a 
small extent in the bones. Not even 
radium, howevei, appears to reach dan- 
gerous levels under the normal condi- 
tions of life. 


Wallace O. Fenn is profes- 
sor of physiology at the Uni- 
versity of Rochester School 
of Medicine and Dentistry, 
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CELL may derive its electrical charge from the association of potassium witli 
a large molecule. Positively-charged potassium atom can pass through per- 
meable cell membrane (black) ^ while negatively-charged large molecule 
cannot. Outside of incmliranc is thus positively charged and inside neg at ivel)^ 



EVIDENCE for the belief that the outside of a cell is positively charged and 
the inside negatively charged is experiment with muscle cell. Electrodes 
placed on outside of cell (top) ideally" reveal no potential. If one electrode 
is placed on injured area, however, potential of 70 millivolts is registered. 
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ONE SIDE of the corridor at ihc northern cnlrancc to Bosscrt lirsl came to llie wile, only the topw of ihcse 
the Karalepc citadel is lined hy stone sla)}s curved with slabs were visible above I be ground. The bas-reliefs 
bas-reliefs and old Phoenician inscriptions. When Dr, and inseriplions were laler lai<l bare ])y cxeavalion. 
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Hittite and Phoenician inscriptions says that citadel was 
built by Asitawandas, King of the Danuna and member 
of the dynasty of Mopsos. Citadel was called Asitawanda. 



HITTITE 

CITADEL 

Passageway on a hill 
ill Turkey is the key 
to undeciphered script 
of a dead civilization 

T he Hittilcs, the energetic imd civi- 
lized people who ruled a gieat part 
of Asia Minor and Syria for most of 
the second millennium B.C., wrote both 
a cuneiform and a hieroglyphic script. 
Since their discoveiy in 1812 the hiero- 
glyphs have resisted all attempts to 
translate them. Recently, howcvci, H. T. 
Bossert of the University of Istanbul and 
his co-workers found the key to llie un- 
decipheied script. Sometime before 730 
B.C. a late Hittitc king named Asitawan- 
das had built a citadel on a hill called 
Karatepe in what is now soiitheasteiii 
Turkey. The citadel could be entered 
through two corridors decorated on both 
sides with inscribed and sculptured stone 
panels. One side of each corridor. Dr. 
Bosseit discovered, is inscribed with 
hieroglyphs. The other is inscribed with 
tlie translatable old Phoenician script, 
Like the Greek inscription on the Rosetta 
Stone, which luns parallel to two Egyp- 
tian inscriptions, the Phoenician script of 
Karatepe tells the same story as the hier- 
oglyphs Dr. Bo.ssert’s discovery also 
provides the key to other Hittite hiero- 
glyphic inscriptions, many of which have 
been found m Asia Minor, When enough 
of these inscriptions have been trans- 
lated, they are expected to fill a gap of 
some six centuries m the history of a 
relatively little-known region and people. 
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BAS-RELIEF shows Asitawandas (left) at a banquet. Great curved nose and 
sloping forehead were characteristic of the Hittites. Asitawandas was prob- 
ably the last Hittitc king before his country became an Assyrian province. 



THREE SCRIPTS are compared. At 
lop is hieroglyphic. In center is old 
Phoenician. Below: modern Hebrew. 


BAS-RELIEF of a galley built by the Damma is one of earliest representa- 
tions of a seagoing vessel. Asitawandas’ Mopsos dynasty is famous in Greek 
legends. Karatepe inscriptions are first evidence that it was not Greek. 
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Mutation by Streptomycin 

A TOTALLY imexpectecl propeity ol 
streptomycin, the antibiotic derived 
from a soil mold (see page 26), has 
opened up an exciting new branch of 
research. It has been found that strepto- 
mycin can cause a mutation in plants 
which makes them incapable of manu- 
facturing chlorophyll, the green coloring 
matter of plants. 

The discovery was made by Albert 
Schalz of the Sloan-KcLtermg Institute 
and Luigi Piovasoli and S. H. Hutucr of 
the Haskins Luboratoiies. They were 
using streptomycin to prepaie l^acleria- 
fiee cultures ol euglcna, a microscopic 
flagellated alga that occupies a twilight 
zone between the plant and animal 
woilds. After a few days’ incubation 
with streptomycin the alga surprisingly 
lost its gieen color and its ability to carry 
on photosynthesis. Even when the alga 
was transferred to a medium that con- 
tained no streptomycin, rt failed to re- 
gain its coloi’;, showing that the organism 
had undergone a hereditary change. The 
modified euglena was kept alive only by 
feeding it organic material that it had 
loimerly manufactured for itself. 

Microscopic examination showed that 
streptomycin destroyed the chloroplasts, 
the tiny chlorophyll-hearing bodies ol 
the green plant cell, It had no other dis- 
cernible effects. Other investigators ob- 
tained similar results in higher plants b}’ 
treating seedhngs with streptomycin. 

The phenomenon has several interest- 
ing consequences. It provides a simple 
test for the presence of sti-eptomycin. It 
affords a method for creating parallel 
strains of green and colorless plants for 
studies of photosynthesis. And it pro- 
vides a rare opportunity to direct the 
mutation of a living organism in a pre- 
dictable way. Most other mutagenic 
agents such as X-rays merely increase 
the frequency of mutations; so far as is 
known they do not control the specific 
kind of mutation that may result. The 
only other agent that is known to pro- 
duce “directed” mutations is desoxy- 
ribonucleic acid, a constituent of genes. 
It alters three varieties of bacteria in a 
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specific way— the pneumococcus, E. coli 
and Shigella. Its action converts one 
strain into another, and the convcision is 
reversible. Streptomycin pioduces quite 
anothei type ol change— a “loss” muta- 
tion lathci than a convcision 

Cytochrome C for Senility? 

C ytochrome C is an enzyme tliat 
plays a cential role m the utilization 
oi oxygen by the body cells. It has been 
studied as a possible factor m cardio- 
vasculai disease Now two Virginia phy- 
sicians find that it may be important m 
maintaining the functioning ol the brain 
in aging people. W. O. Klingman and 
R, W. Gainett, Jr., of the University of 
Virginia Hospital, report that treatment 
with the enzyme reduced tlic initahility 
and vagueness of 11 ol 17 elderly pa- 
tients wlio bad cerebral arteiiosclciosis 
and similar mental disorders of senility. 

The mechanism by which cyloclnome 
C produces' this cllect is uncleai. It is 
known tliat tlie tissue of the ccMitiah 
nervous .system is particularly scusitivc 
(0 oxygen dcpiivation. Perhaps one fac- 
tor in mental senility is an iuade(piatc 
supply of oxygexr to the biain, as a result 
of degenei alive changes in Lbc cerebral 
blood vessels during the aging process. 

The Virginia test followed the discov- 
ery by Samuel Proger and D. Dekaneas, 
ol the New England Medical Center, 
that cytochiome C overcomes the effect 
of oxygen deprivation upon menial func- 
tioning m simulated high-altitude flights. 
The enzyme has no effect on emotional 
difficulties. Only people with previously 
normal personalities have been helped, 
and the improvement lasts only as long 
as the treatments are continued. 

Cosmic Rays 

C OSMIC lays have usually been as- 
sumed to come from interstellar 
space. R, D. Richtmyei of the Institute 
for Advanced Study and Edward Tellei 
of the University of Chicago now suggest 
that they may originate within the solar 
system. The two physicists have ad- 
vanced the hypothesis that cosmic rays 
are born near the sun and are disti'ibuted 
throughout the solai* system by an elec- 
ti'omagnetic field that extends from the 
sun out past the outermost planet, 
Enrico Fermi of the University of Chi- 
cago had suggested that cosmic rays 
might stem fiom fields wandering in iii- 
tergalactic space; but his proposal did 
not account for the fact that nuclei of 
heavy elements, as well as protons, are 
found in cosmic radiation. Richtmyer 


and Teller find that both protons and 
heavy nuclei could be accelerated to the 
enoimous velocity ol cosmic-ray parti- 
cles by an extended magnetic field of 
solar origin. Only a negligibly .small 
fi action of the sun’s energy would be 
needed to geuciatc a field ol the neces- 
saiy intensity. 

Such a magnetic field has not yet been 
actually obscivod; the intensity would be 
too low loi it to be easily detected The 
field would not only accelerate protons 
and heavy nuclei to cosmic-iay encigies, 
but would distribute them throughout 
the solar system with the high degree ol 
unifoimity wliich is an outstanding chai- 
acteristic of cosmic radiation. The field 
would also keep them ciiciilating until 
they struck a body like the caith. They 
might circulate foi peiiods ol 1,000 years 
to 50 million. The Bntish-boin physi- 
cist W. F. G. Swann was the fiisl to sug- 
gest, in 1933, that the sun might be the 
source of cosmic rays, but he had in mind 
a ([uite diilcrenl mochauism. 

Wind Power 

I T HAS been quite a while since the 
wind was last eonsidcied seriously as 
a major source ol power, liut the United 
Nations now has bclorc it a proposal that 
at least meiits study. Its author is Peicy 
H. Thomas, an engincei of the U.S. 
Federal Power Commission Pie ofteis 
the ingenious suggestion tliat wind- 
driven geneiatois he combined with 
watei -power and steam units m an mte- 
giated system, in much tlie same way as 
water power and steam are coupled now. 

Wind and water power would work 
together, the one ironing out the iiregu- 
laiities of the other, with steam “firming 
up” the power delivered by the two. An 
experimental generatoi built in Vermont 
bcfoie the war indicates that wind gen- 
erators, cheap to build and opeiate, 
Would deliver electidcity at lower cost 
than either steam or water power. 
Thomas presented his pioposal to the 
UN Scientific Conference on the Con- 
seivation and Utilization ol Resources. 

Sky Survey 

A LTHOUGPI the sky has been photo- 
graphed extensively for half a cen- 
tury, it IS so vast that only a compaia- 
tively small portion of it is yet explored. 
The Palomar Mountain observatoiy, 
home of the 200-inch Hale telescope, has 
now undertaken the task of providing 
astronomers with a systematic atlas of 
the heavens. The project, sponsored 
jointly by the California Institute of 




Technology and the National Geo- 
giaphic Society, and diiected by Edwin 
P. Hubble, will take four yeais to com- 
plete. 

For this job the observatory will use 
its big Schmidt photogiaphic telescope, 
it would take 50 centuries to covei the 
same area with the tiny field of the 200- 
inch. The Schmidt, specially adapted to 
photographing wide aieas, is the hugest 
of its kind in the woild. It pro]:>es the 
skies to a depth ol 300 million light-yeais 
—only a thiixl as lar as the 200-inch, but 
10 times as far as any pievious wide- 
angle photogiaphic telescope. 

The suivey will record some 500 mil- 
lion stais and peihaps 10 million extia- 
galactic nebulae on 2,000 plates. Photo- 
giaphs will be made through both icd 
and blue filters to assist aslionomeis in 
determining the stais' colois. Fioin the 
eminence of Palomar, the Schmidt can 
cover about three quarters o! the heavens 
with high accuracy. An additional 10 per 
cent can lie covei ed to some degree. 
The atlas, compiismg 20 volumes, will 
be sold to other obseivatones at cost, 
appioximately $2,000 pci set. 

Biitains Royal Obscrvatoiy, now be- 
ing moved from its historic site at Green- 
wich to Pliiistmonccux, will have in its 
new site a new 98-inch telescope, the 
tim'd hugest in the world and the largest 
outside the U.S. The miiioi foi it is a 
gift of the Univeisity of Michigan's 
McGregor Fund. The miiioi was pouied 
and ground during the 1930s for a new 
observatoiy which was nevei completed 
foi lack of funds. The McGiegor Fund 
trustees donated the mirroi, which has 
been m stoiage, to the Royal Obseiva- 
toiy during the lecent American visit of 
Sir Herbert Spencer Jones, the British 
Asti onomer Royal. 

Science Foundation 

T PIE proposed National Science Foun- 
dation, lost in the hurly-burly of 
more controversial legislation during the 
past year, appears to be approaching a 
decision. A bipartisan bill designed to 
meet the objections to the measure ve- 
toed two years ago by President Truman 
has passed the Senate. A generally simi- 
lar bill, sponsored by Representative J, 
Peicy Priest, Tennessee Democrat, has 
been leported favorably by the House 
Interstate and Foreign Commerce Com- 
mittee It is possible that the final meas- 
me may clear both houses before Con- 
gress adjourns for the summer. If not, 
Congress can continue work on the same 
bills in the fall, for unfinished bills need 
be reintroduced only when a new Con- 


gress IS elected. Thus in all likelihood 
the Foundation will come into existence 
by the end of 1949. 

Atomic Energy 

T PIE Congiessional investigation of 
the Atomic Energy Commission, 
which began with a display of angry 
headlines m May, droned on thiough the 
heat wave of June and July. It appealed 
that the tangible lesults would be two. 
1) the leqiiiieinent of a loyalty oath 
tiom recipients of AEG fellowships, al- 
ready oidered; 2) sharper scrutiny of 
atomic energy contracts by Congiess. 
Senator Bnen McMahon, chairman ol 
the Joint Committee on Atomic Eneigy, 
mtioduced a bill that would requiie the 
AEC to obtain liom Congiess advance 
approval of all its projects and piogiams, 
at the time when it presents its budget 
each year 

In the hearings on Senator Bourke B 
liickenloopei's charges of “incredible 
mismanagement” against the Commis- 
sion, Hickenloopcr ofl'ered in evidence: 
1) that a school at Planford originally 
expected to cost $1,786,000 had finally 
cost $3,966,000; 2) that the town of 
Richland, wheie workers in the tianfoid 
plutonium works live, was run on “fas- 
cistic” lines without “room for free enter- 
piise”; 3) that the AEG was going ahead 
with a $10 million natural gas pipeline 
to Oak Ridge despite the objections of a 
ITouse committee headed by Represen- 
tative Carl Durham of North Carolina. 
The AEC replied; 1) the school had to 
be built on a poor site, and construction 
had to be lushed to avoid losing em- 
ployees with families; 2) Richland had 
been even moie restricted during the 
Manhattan District regime, and restric- 
tions were gradually being reduced; 3) 
the gas pipeline would not only safe- 
guard Oak Ridge against an inteiruption 
in its coal supply, but, because of the 
low cost of natural gas, would pay for 
itself in eight years. 

The healings finally laid to rest the 
alarming case of the missing U-235. The 
Joint Committee's own technical con- 
sultant, Ernest W. Thiele of the Standard 
Oil Company of Indiana, joined the Fed- 
eial Bureau of Investigation and the 
AEC in dismissing the possibility of es- 
pionage in the incident 

Cleared Scientists 

A pparently there are comparative- 
-ly few scientists in the U.S. who 
have not been investigated at one time 
or other by the Federal Bureau of In- 


vestigation A recent lepoit by the Sci- 
entists' Committee on Loyalty Problems, 
an affiliate of the Federation of Ameri- 
can Scientists, shows that security clear- 
ance IS now a requirement for a very 
large piopoition of Go vei nment-subsi- 
dized scientific work. Many, peihaps 
most, of the scientists who work on proj- 
ects supported by the Atomic Energy 
Commission, the Aimy, the Navy and 
the Ail Force, oi their contractors, must 
obtain such clear ance. Some university 
and industiial laboi atones with military 
or AEC contiacts leqime clearance for 
all employees, whether oi not they are 
engaged in seciet work, as a matter of 
“administrative convenience 

The Scientists’ Committee, headed by 
the Princeton astronomer Lyman Spitz- 
ei, Jr., observed that the AEC is the only 
agency that has published its cuter ia for 
clearance. All of the agencies except the 
Navy allow hearings to employees ac- 
cused of political unreliability, but the 
hearing procedures vary greatly. The 
aimed forces have a joint Peisonnel Se- 
curity Board and a joint Review Board 
to which employees of their contiactois 
may appeal TJie latter board is com- 
posed mainly of military men; its hear- 
ings are secret and no notes may be made 
by the defendant oi his iawyei. 

Prescription Refills 

T he U.S. Food and Drug Admmistia- 
tion has launched a campaign to end 
the widespread practice oE refilling pre- 
scriptions without specific authorization 
from a physician. The campaign is di- 
rected particularly toward imposing 
tightei control over the sale of barbitu- 
rate sleeping tablets, which cause several 
thousand deaths a year The FDA also 
wants to bring under control the sale of 
benzedrine, sulfa drugs, antibiotics and 
otlier powerful new pharmaceuticals. 

The Administration is pioceeding un- 
der the Food, Drug and Cosmetics Act 
of 1938. A U.S. Supreme Couit decision 
last year, holding that a drug manufac- 
tured in one state and sold in another 
was in interstate commerce, placed vii- 
tually all retail drug sales within the 
FDA's province. 

Meetings in September 

A merican Psychological Associa- 
- tion. Denver. September 6-10, 
American Chemical Society. SemL 
annual meeting. Atlantic City. Septem- 
ber 18-23. 

American Society of Mechanical Engi- 
neers, Erie, Pa. September 28-30. 
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The competition of microorganisms has provided man 
with powerful agents against infection. Presenting 
a review of their discovery and their development 

by George W. Gray 



PENICILLIUTVI NOTATUM grows in three white-bor- diffusing outward from the Penicillium has killed or in- 
dered colonies on an agar-filled Petri dish. Also grow- hibited the microorganisms. It was this effect that led 
mg on the agar is a colony of xnicroorganisms. P enicillin Alexander Fleming to the discovery of penicillin in 1928* 
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T he qucintily ot gaiden soil one can 
easily pick up between the thumb 
and ioiefinger amounts to about one 
giam. Within that thirtieth ol an ounce 
IS a teeming woild of living things— per- 
haps as many miciobes as there are hu- 
man beings on the earth. Estimates 
based on actual counts under the micro- 
scope indicate that a gi am of rich huimis 
contains thousands of millions of micro- 
oiganisms, both plant and animal. Other 
tests leveal the piesence of innumerable 
viruses too small to be seen beneath the 
optical mici oscope . 

This crowded woild of the soil is a 
highly competitive society in which one 
finds both coopciation and antagonism. 
Some of the microbes have a closely knit 
community of interests. One species will 
assist anothei in breaking down complex 
compounds of dead organic mattei to 
simpler substances, which both then 
utilize as food. These natuial scavengeis, 
01 saprophytes, constitute an oiganized 
miciobial economy, with mutual depen- 
dence, division of laboi and shaiing of 
benefits. Some microbes live by attack- 
ing and desti eying other living things. 
Not only may a parasite attack a sapio- 
phyte or anothei paiasilc, but the same 
sapiophytes that work togcthci m har- 
monious teamwork may, under changed 
conditions, fight one anothei in competi- 
tion lor food or other advantages. The 
soil is a battlefield ol the universal strug- 
gle for existence. 

Some microbes fight the battle with 
chemical compounds that dcstioy their 
competitors. Whether there is purpose in 
this chemical warfare we cannot say. It 
may be that the blue-green mold exudes 
penicillin as the human body exudes 
sweat, and that certain microbes of dis- 
ease just happen to be sensitive to this 
substance. Whatever the reason and the 
process, numerous microbes produce and 
lelease into the soil chemical by-products 
that poison other microbes. It is those 
substances that are called antibiotics. 

The discovery that some of the anti- 
biotics also protect man and assist m 
fighting human infections has set bac- 
teriologists, biochemists and other spe- 
cialists on a grand quest. Soil oi gam sms 
fiom many parts of the world have been 
sought out and tested for the pi elective 
chemicals they pioduce, and in this way 
several hundred antibiotics have been 
discovered. Most are too toxic for inter- 
nal use, but four have proved strikingly 
effective against a wide range of human 
diseases. They are penicillin (first ad- 
ministered systemically to human cases 
in 1941), streptomycin (1944), Chloro- 
mycetin (1947), and aureomyem 
(1948). Penicillin and streptomycin are 
each being produced in the U.S. at the 
rate of about six and a half tons per 
month, while Chloromycetm and aureo- 
mycin are rapidly approaching large- 
scale industrial production. A still more 
recent find, neomycin, was announced a 


few weeks ago to give highly piomismg 
lesults in test tubes and animals, and 
physicians await the clinical tests which 
will deteimine wliethei oi not it is medi- 
cally useful. 

Antibiosis 

Oui knowledge of antibiotics dates 
back to the time of Louis Pasteur. In 
1877, dm mg his pioneeiiiig studies of 
anthiax, Pasteui noticed that a colony 
ol the bacteria suddenly stopped growing 
and picsently died. He searched tor the 
cause of this mysteuoiis destruction and 
tuiced it to the presence of othei bacteiia 
di if ting in the an which chanced to set- 
tle on the cultmc medium. These alien 
bacteiia possessed the powei to inhibit 
the life piocesses ol the anthrax bacillus, 
and Pasteur prophesied that the antag- 
onism of one species of microbe for 
another might prove to be of piactical 
seivice to medical science. Other bacte- 
liologists noticed the same effect with a 
vaiiety of microoi ganisms, and m 1899 
the English botanist PL M. Waul pio- 
vided a name for this microbial antago- 
nism. He called it antibiosis. 

The fiist antibiotic to be used medic- 
inally was jiyocyanase, a substance pro- 
duced by the blue-pus bacillus, which 
was found to inliibit the growth of the 
diphlhciia oiganism. This discovciy in 
1899 was hailed as a step in the conquest 
of diphtheiia; in practice the results were 
disappointing, and alter a series of fu- 
tile trials pyocyanase rethed into the 
limbo of unsuccessful drugs. During the 
next four decades microbiologists again 
and again hit upon new antibiotics in the 
course of their lesearches, but few of 
them advanced far beyond the test-tube 
stage or became known outside the labo- 
ratories. In 1928 Alexander Fleming of 
London came upon the antibiotic which 
he named penicillin. He published a pa- 
per recoiding his experiments, but his 
discoveiy lay idle and unused for a 
decade. 

In 1939 Rene J. Dubos of the Rocke- 
feller Institute for Medical Research de- 
scribed a bacterial exudate that showed 
a powerful antagonistic effect against 13 
strains of the blood-destroying strepto- 
cocci, two strains of tlie golden staphy- 
lococci that cause boils and abscesses, 
and eight virulent varieties of the agent 
that causes pneumonia. These results at- 
tracted attention on both sides of the 
Atlantic. In many laboratories micro- 
biologists began a reinvestigation of the 
known antibiotics to see if among them 
any other possibly useful diug could be 
found. 

Gramicidin and Tyroeidine 

Dubos, a graduate of the French Na- 
tional Institute of Agronomy in Paris, 
emigrated to the U.S. m 1924. Among 
the passengers on his ship was Selman 


A. Waksman, piotessoi of microbiology 
at Rutgers University, and the two quick- 
ly struck up an acquaintanceship. By the 
time the ship had docked the young 
Frenchman had decided to take couises 
under Dr. Waksman The problem that 
Waksman assigned to him was how bac- 
teria act in decomposing cellulose. Moie 
than a ton of leaves, brush and other 
cellulose-contammg material falls on 
each acie of woodland annually, and the 
question was how the sapiophytes de- 
composed this tough, fibious substance. 
Dubos worked nearly three yeais on the 
problem and identified certain bacteiia 
that produced specific enzymes which 
digested the cellulose. 

O T. Avery at the Rockefellei Insti- 
tute heard of Dubos’ woik and was im- 
mediately interested Avery had been 
deep in a study of the miciobe which 
causes pneumonia, a bacteiium of the 
globular or coccus form. This parasite 
was peculiar in its possession of a cap- 
sule of lesistant mateiial. The capsule 
protected the pneumococcus from the 
white cells of the bloodstream, it was 
Dr Aveiy’s idea that if some means 
could be devised to dissolve it, the ex- 
posed paiasitcs would fall an easy prey 
to the blood cells '1 am sine that in the 
soil tlicie IS an organism producing the 
enzyme you want,” asseiled Dr. Dubos, 
and it was this prospect that brought him 
to the Rockefeller Institute in 1927. By 
1929 Dubos had found the enzyme. 
When the capsular mateual was sepa- 
rated from the cells of the pneumococci 
and the enzyme was added to a mess of 
this mateiial, the latter was quickly dis- 
solved. Further experiments showed that 
the enzyme would woik in the animal 
body as well as in the test tube, and 
soon a series of papers repoited the coii- 
ti'ol of pneumonia in mice, labbits and 
monkeys by injections of this substance. 

Another pioblem under investigation 
at this time was the measiuement of 
creatine in the blood and other body 
fluids. Dubos turned again to his soil oi- 
ganisms, and found among them a spe- 
cies which produced an enzyme that 
attacked the ci’eatme molecule. From the 
breakdown pioducts the amount of crea- 
tine in a cubic centimetei of blood wa.s 
determined. 

“These results led me to think that 
there might be an enzyme which would 
attack a whole bacterium and destroy it, 
just as the enzymes had attacked the 
cieatme and the capsulai material,” says 
Dr Dubos. '1 selected the staphylococ- 
cus for these tests. I took samples of soil 
and sewer water, cultured them in a 
broth of nutrients, separated the various 
organisms that developed, and then cul- 
tured each in a vessel. The next step was 
to add an inoculation of staphylococcus 
to each culture. It wasn’t long before vve 
observed that in one vessel the staph liad 
disappeared. The organism which liad 
this effect was a saprophytic bacterium 
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known as Bacillus bievis Watching 
through the inicioscope, we saw the lod- 
hke bacillus attach itself to the gloliuLu 
staphylococcus, and pieseiitly the coccus 
dissolved before our eyes.” 

Dr. Diibos assumed that the bacillus 
released an enzyme which digested the 
staphylococcus, but he found that the 
mateiial was not an eiizyiiie It turned 
out to be a substance which poisoned the 
staphylococcus. Then the native ei> 
zymes witlim the coccus digested the 
dead cell. 

The experinienteis now turned to 
mice. Dr. Dubos infected them with 
various disease agents, and injected a 
shot of the exti'act B. brevis into each 
mouse. He noticed a systematic selectiv- 
ity in the effect. Bacteiia are classified 
according to tlieir response to a staining 
technique devised some 60 years ago by 
the Danish biologist Hans Chiistian 
Giam. Some absorb Gram’s stain and 
show a marked change in coloration, and 
these are called gram-positive bacteria; 
otliexs do not retain the stain, and are 
called gram-negative. The orderly result 
that Dr. Dubos observed among his mice 
was this: Those infected with gram- 
positive bacteria, such as staphylococ- 
cus, streptococcus and pneumococcus, 
usually got well; those infected with 
gram-negative bacteria, such as the ty- 
phoid fever and colon liacilli, uniformly 
died despite the injection. Because of 
this specificity of eftect m accordance 
with Gram’s stain, Dubos named the 
new-found substance giamicidin. 

A chemical puiificatiou was under- 
taken in collaboration with R. D. Hotch- 
kiss of the Institute; It was found that 
the material was not a pure substance 
but a mixtae of two antibiotics and 
some impurities. The more potent frac- 
tion constituted about 20 per cent of the 
mixture, and for it Dr. Dubos retained 
the name gramicidin. The othei anti- 
biotic, about 60 per cent of the mixture, 
was given tlie name tyiocidine. And the 
mixtoe itself Dr. Dubos chose to call ly- 
rothricin. Pasteur’s fiist assistant Duclaux 
had studied certain bacteiia in cheese 
which caused the deatli of other bacteria, 
and to them he had given the name tyro- 
thrix, meaning cheese rod. “It was in 
lecognition of Duclaux’s earher work 
that I named the. new-found materials 
tyrothricin and tyrocidme,” says Dr. 
Dubos. Dubos and Hotchkiss reduced 
both gramicidin and tyrocidine to ciys- 
talline powders, and this was the first 
time that an antibiotic had been ob- 
tained in chemically pure form. 

As the experiments were extended to 
rabbits, both gramicidin and tyrocidine 
proved to be toxic. This toxicity had not 
shown up in the mouse experiments, be- 
cause these small animals were injected 
intraperitoneally; that is, the antibiotic 
was introduced into the abdominal cav- 
ity occupied by the digestive tract and 
had not got into the mouse’s blood- 
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slicam. In lablnts the luulitional point 
of entry is a vein of the oar, and when 
giamieidm was injected here it cntcied 
the oil dilation and attacked the blood 
cells. Expeiimcnts with dogs confiimcd 
tins hemolytic effect, and it was lecog- 
nized that neither giamicidin nor tyio- 
cidine should be introduced into the 
human body Then use theiefoie has 
been restricted to external applications, 
in wet diessmgs on soies and infected 
wounds, in salves and bandages, m nose 
drops and lozenges. Veteiiuanans liave 
found them valuable in the treatment of 
infectious diseases in animals. 

In the summer of 1939 Di. Dubos 
gave an account of his experiments to 
the International Congress of Miciohi- 
ology in New York. Among tliose who 
sought him out at the close of the address 
was a quiet, gray-haiied Englishman 
who intioduced himself as Alexander 
Fleming, Dubos vaguely remembered 
that some years before Fleming had pub- 
lished a paper repoiting the antibiotic 
action of a substance pioduced by a 
mold. 

Pciiicilliii 

Dr. Fleming was a bacteriologist at 
St, Mary’s I lo.spital in London, hi 1 939 
bi.s discovery of pemcillin was alixuuly 
11 ycais old. Scarcely anyone outside a 
small ciiclo of English baeleiiologists re- 
membered it. 

The discovery was pine accidenl. 
Fleming had grown staphylococci m a 
cultuie plate and had left the plate un- 
covered. Some days later he observed a 
tiny spot of contamination where some 
airborne organism had chanced to land 
and grow, Such accidents aie not un- 
common in bacteriological laboratories, 
and the usual procedure is to scrap tlie 
contaminated plate and stait a new cul- 
ture. Still Dr. Fleming examined Ins un- 
bidden visitor carefully. He noticed that 
it was a tiny fungus of the type that 
grows on biead, cheese and other foods 
as well as in the soil, and he recognized 
it as one of the numerous biushlike spe- 
cies known as penicillia. 

The curious feature of the contamina- 
-tion was tlie tiiinspaient circle that sui- 
rounded the bit of mold hke a halo. 
Under a microscope Fleming could see 
that this encircling area was completely 
clear. Not a single staphylococcus re- 
mained within it, although outside it 
rihey multiplied in teeming millions. 
Apparently the mold exuded some sub- 
stance that brought death to the staphy- 
lococci. In June of 1929 Fleming pub- 
lished his results in the British Journal of 
Experimental Pathology, suggesting that 
penicillin “may be an efficient antiseptic 
for application to, or injection into, areas 
infested with penicillin-sensitive mi- 
crobes.” 

In his paper Dr. Fleming described 
Ae som-ce of liis penicillin as “a certain 


type of Pcnicillium.” IL was not until 
1932, when a specimen of the mold was 
sent to Chailes Thom, chief mycologist 
of the United Stales Depaitmcnt of Ag- 
iicultuic, that the species was identified 
as Pcmcilhiiin no ta turn. 

Fleming ncvei obtained a concentrate 
of penicillin. All he got was the cleai 
liquor that he filteicd fiom the bioth m 
which the mold gicw. Cfiiemist.s tried to 
isolate the antibiotic, it pioved elusive, 
and finally the piospcct ceased to intei- 
cst anyone hut Alexandei Fleming. For 
10 years he patiently kept his original 
mold alive, and tlius lie was able to sup- 
ply cultiues ol it when at last a team of 
woikeis appealed icady to caiiy the le- 
search forwaid. 

The team was organized by Plowaid 
Floicy, an Aiistialian who had come to 
England on a Rhodes scholaiship and 
had been appointed piofessor of patholo- 
gy at Oxford Univeisity in 1935. The 
sort of pathology that interested him 
called for research, and Florey per- 
suaded Ernst Chain, a German lefugee 
Inochemist then at Cambridge Univer- 
sity, to join him at Oxford. Those two 
formed the nucleus ol the gioup which 
beginning in 1938 eventually scpaiated 
pemcillin liom its ciiltuic broth and re- 
duced it lo a stable brown powder, de- 
vised a (piiclc cpuintUativc test for de- 
termining its piesencc, and made the 
first liuils on animals. The brown pow- 
der proved nontoxic and so powerliil in 
antibiosis that one pail in a solution of 
1 2 million was able to inhibit the deadly 
hemolytic streptococci. By 1941 suffi- 
dent penicillin had been isolated for 
trials on human patients. The record was 
one of almost tmhioken triumph over 
infection. 

The U.S, had begun to look into the 
possibilities of pemcillin, and m 1941 
Dr Florey brought over cultures ol 
Fleming’s mold and visited a numhei of 
American laboratories. The urgent needs 
of wartime medicine stimulated the U.S. 
and Biilish governments to subsidize 
penicillin research on an unpiccedented 
scale. The laboratoiies of pharmaceutical 
houses, reseaieh institutes, universities 
and government joined forces. An impor- 
tant center in this teamwork was the 
Noithern Regional Research Laboratory 
of the U.S. Department ol Agriculture 
at Peoria, 111. Plcie mycologists discov- 
ered that a nutrient ol cornstceping 
liquor increased the yield of penicillin 
from Pcnicillium notatum. This was a 
big step forward, lor the liquor, which 
is washed out of coin in making corn- 
starch, is abundant and cheap. 

Meanwhile efiorts were made to find 
more prolific strains of mold, and every 
available variety of Pemcillium was 
tested for yield. In the summer of 1943 
the Peona group found a mold growing 
on a cantaloupe which in an .enriched 
medium exuded about 200 units of peni- 
cillin per cubic centimeter of culture 



medium. This was 100 times tlie 1941 
yield of the original Fleming mold. The 
new find was identified as Penicilhiim 
chrysogenum, a neai lelative ot the 
notatum species, and soon drug houses 
all ovei the countiy were gi owing the 
cantaloupe mold in their vats by the ton. 

Piesently the geneticists lent then- 
knowledge and skills to this community 
of effoit. Late m 1944 a group at the 
Carnegie Institution’s Depaitment ot 
Genetics subjected a culture of Penicil- 
lium chrysogenum to bombaidment with 
X-iays, a familiar technique foi inducing 
genic changes in an oiganism. Ivlost of 
the mold cells did not lecover horn this 
violent lieatment, but certain spoics siu- 
vived and on cultivation some pioduced 
a mold that yielded 400 to 500 units of 
penicillin per c.c. A little latei geneticists 
at the Univcisity of Wisconsin used ul- 
traviolet rays in much the same way, and 
obtained a mutant that produced 800 to 
1,000 units per c c. Most of the penicillin 
m cm lent pioduction comes from de- 
scendants of this Wisconsin mold. A unit 
of penicillin, by the way, is the minimum 
amount that, dissolved in 50 cubic centi- 
meteis ol meat-extract bioth, will stop 
the giowth of Staphylococcus aiucus. It 
is about one 60 millionth ol a giam! 

Theic arc some 50 types of penicillin. 
Each has the same basic stiucUire, but 
dificrs from its bi other molecules by a 
distinctive side chain ol atoms. Only 
four ol the types have hoaix produced in 
large (quantities, and they aie designated 
as G, F, X, and K. The most salislaelory 
for medicinal use is G, and practically 
all Ameiican manufactureis are concen- 
trating on Its pioduction, which is easil)' 
accomplished by feeding the mold with 
phenvlacetic acid. The K type is veiy 
unstable and quickly disappears fiom 
the bloodstream; F is difficult to purilv; 
and X, though potent, is difficult to pro- 
duce. 

Despite tlic feverish seaich foi new 
antibiotics, penicillin remains the anti- 
biotic m gieatest use. It is the first 
choice lor ti eating a wide range of dis- 
eases caused by giam-posilive bacteria, 
and m addition it is the most potent 
drug yet found against that notorious 
member of the gi am-negative tube, the 
gonococcus. Indeed, the most diamatic 
success in the annals of chcmotheiapy is 
the cure of gonoiihea by a single injec- 
tion of 17,000 units of penicillin. Almost 
as spectacular is its antagonism for the 
spirochete of syphilis. 

Streptomycin 

Penicillin was still poweiless against 
most of the gram-negative bacteria. Who 
would be the first to find a chemical 
weapon against these noxious agents of 
disease? Unfortunately there are not 
many clues to guide one in such a search. 
There is no characteristic molecule to 
seek out, for the antibiotics which have 



RENE J. DUB OS of tlic Rockefeller Institute for Medical Reseaicli aiiimi- 
laled much work in anliliiotics Ly ids discovery of gramicidin and tyrocidine. 



ALEXANDER FLEMINGy discoverer of penicillin, is progenitoi* of mod- 
ern antibiotic research . It was Pasteur, however, who first ohservecl antihiosis. 



MOLECULAR STRUCTURE of penicillin varies with its types* The fun da- 
mental structure (red area) , however, remains the same. There are some 50 
types of penicillin but only types G, F, X and K have been produced in 
quantity. Of them C is best from the clinical and manufacturing standpoint. 


been cbcmically analyzed aie of many 
contrasting sUuctiiics The proccdine 
thus becomes the chemical analogue ol 
seal clung foi the nccclle in the haystack, 
without knowing what the needle looks 
like. It IS a matter oi accumulating as 
many specimens ol soil as one can han- 
dle, testing eveiy niicroorganism that 
shows up m the cultures, and hoping 
that out ol 1,000 or so one specimen 
may piove usciul. This was the method 
that in 1944 led to the discovery ol 
streptomycin. 

Foi more than 25 years Selman A. 
Waksman had l)ccn studying soil organ- 
isms, but his primal y purpose dining 
most oi this lesearch was to find their 
role in soil processes and in humus lor- 
ination In the New Jersey State Agri- 
cultiiial Expeiiment Station at Rutgers 
University Dr. Waksman had isolated 
thousands oi miciobes dillerent gen- 
era and species, but not until 1939 did 
he begin to study tliem Iroin the point oi 
view ol tbeii possible service to modi- 
cuic, it was the disco vciy ot giamicidin 
by Ins lormei piijul, Dubos, tliat turned 
Waksmaii’s juteicst m this diiection, and 
from then on the search lor new anti- 
biotics became the puncipal coiicein ol 
bis laboiatory in New Biunswick. Only 
a icw miles distant at Rahway weie llic 
laboi atones ol Meiek and (kimpuny, 
Jnc., and the (heinisls and liiologists 
llieie collaborated with Waksman in the 
nnilHtudinous tests which soon got un- 
der way. 

"‘We examined some 10, ()()() cultures/' 
iclatcs Di. Waksman, “olitaincd anti- 
biotic sulistuiices liom about 1,000 oi 
them, iound some 100 specimens that 
gave piomise oi being medically useful, 
and iinully narrowed the chase to 10 that 
seemed worth following closely." The 
fiist to be studied was the antibiotic 
known as strep to thnem. When discov- 
eicd in 1942 it seemed liighly promising, 
but later tests with animals showed it to 
be too toxic loi medical use. Stiepto- 
tbriciu was not without value, however, 
lor it led to tlic discovery of strepto- 
mycin. 

Streptomycin gels its name iiom 
Strep tomyces griseus, the organism 
which produces it. This is a di&eient 
kind oi organism from the bacterium 
that produces gramicidin and the mold 
that makes penicillin. It is an actmomy- 
cete, a family of which numerous species 
have been identified. Actmomycetes 
grow as branching rods that sometimes 
form filaments, but they are usually 
smaller than the filaments oi Penicillium, 
being of the dimensions that character- 
ize bacteria Curiously Strep tomyces 
griseus had been isolated by Waksman 
in 1915, long before he was interested in 
antibiotics. 

Among the bacteria that fell prey to 
streptomycin were those which cause 
tularemia, certain urinary-tract infec- 
tions, and a form of meningitis in chil- 



dien. But the xesiilt that atti acted the 
gieatest attention was its effect on Myco- 
bacteiiuin tuberculosis. Penicillin had 
nevei slowed the course ol the “white 
jolague,” although its agent is a gram- 
positive bacteiium. Mycobacterium tu- 
berculosis IS an exceedingly stubborn 
gi am-positive of the type known as acid- 
fast. The fact that stieptomycin inter- 
fered diaslically with ils mode of life 
was highly important news. Physicians 
in all parts of the U.S. began to call for 
the new ding, and today moie than 70 
per cent of the cm rent monthly output 
of SIX and a half tons of streptomycin 
goes to tubciculosis patients. 

Streptomycin has its diawbacks. The 
treatment ol a disease with streptomycin 
usually requiics a i datively long pciiod 
of medication. A sciious tubciculous con- 
dition may lequire daily shots loi thice 
Ol lour months The side eflects on the 
patient, which m the case of penicillin 
are rarely more than a mild alleigic re- 
action, are sometimes severe and occa- 
sionally involve damage to the kidneys. 
Streptomycin also has an effect on the 
auditory nerve which causes dizziness, 
sometimes imposes tempoiaiy dcahiess, 
and m a few recorded instances liad left 
the patient permanently deaf. These 
toxic cflects limit tlie use ol sticptomy- 
cm, and theie have been numerous 
attempts to moderate them. Merck 
chemists have accomplished a slight 
modification ol the stieptomycin mole- 
cule by slipping two hydiogcn atoms 
into a certain pail oi the structure to 
foim wliat is known as dihydrostiepto- 
myem. Ralph Tompsett and a group at 
the Cornell University Medical College 
have shown that this dihydrostrepto- 
myem is less toxic than the unalteied 
molecule, though no less potent against 
bacteria. 

Unhappily bacteria often develop 
such a high resistance to stieptomycin 
that continuation ol the tiealmcnt be- 
comes useless. As Walsh McDermott of 
Cornell phrases it; “The emergence of 
predominance of drug-icsisting micro- 
organisms occuis to an infinitely gi eater 
degiee with stieptomycin than with any 
other antibacteiial diug now available. 
With penicillin, chloramphenicol [Chlo- 
loniycetm] and aureomyem, bacterial re- 
sistance is a rarity in clinical practice; 
with stieptomycin it is the lule.” 

This bacterial resistance stimulated 
the laboiatoiy where streptomycin was 
discovered to new efi'oits. Within the 
past thiee years the group at Rutgers has 
investigated thousands of organisms to 
find a safe antibiotic which is as potent 
as streptomycin but not so provocative 
of the bacteria’s resistance. The first 
fruits of this search came in March when 
Waksman and H. A. Lechevalier pub- 
lished their observations of a substance 
derived from another actinomycete, 
Strep tomyces fradiae, which they have 
named neomycin. In these tests most of 



STRUCTURE OF CHLOROMYCETIN is unusual in that it contains a ni- 
trobenzene group, which heretofore has been considered inimical to bio- 
logical processes. Chloromycetin and aureomycin both contain chlorine and 
nitrogen. Name Chloromycetin is derived from chloiine and actinomycete. 



STRUCTURE OF STREPTOMYCIN has been altered to produce diliydro- 
streptomycin. The structure of streptomycin is at the right. In dihydro- 
streptomycin one oxygen atom is replaced by two hydrogen atoms {left). 
This change apparently makes the variation less toxic than its progenitor. 
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PENICILLIUM CHRYSOGENUM, which ])ecaiise of linm notatuin in the making of i)enicillin, grows in fine 


its greater productivity has generally 

the bacteria that are vulnerable to strep- 
tomycin showed an equal oi even gi eater 
sensitivity to neomycin. Moreover, those 
that had become strongly resistant to 
streptomycin were halted in their growth 
by neomycin. Latei studies have shown 
that after 120 days" exposure colonies of 
tubeicle bacilli were still sensitive to 
neomycin, 60 to 70 days’ exposure of 
the same parasites to equal concenti’a- 
tions of streptomycin invariably resulted 
in deep-rooted resistance. 

By June only a few giains of neomycin 
had been obtained. Pilot plants now 
opei ating will turn out larger quantities 
and fractionate the present concentrate, 
which appeals to be a mixture. Di. 
Waksmaii thinks there are at least two 
neomycins, and clinical testing of the 
substances must await theii separation 
and crystallization. 

Chloromycetin 

The scene now shifts to Yale Univer- 
sity, where a microbiologist had cultured 
soils brought from many countries to see 
what new material he might find. The 
microbiologist was Paul R. Burkholder, 
who was working under an arrangement 
with the pharmaceutical firm of Parke, 
Davis and Company. As rapidly as Burk- 
holder found organisms that showed any 
promise of medical utihty, he sent cul- 
tures to the pharmaceutical research lab- 
oiatories in Detroit for further testing. 
One day in the summer of 1947 he dis- 
covered that an actmomycete he had re- 
covered from a soil sample collected in a 
mulched field near Caracas, Venezuela, 
gave off^ a substance that halted the 
growth of half a dozen bacterial species. 
Burkholdei’s tests were extended to 
other species in Deti^oit, and they showed 
that both gram-positive and gram-nega- 
tive bacteria were susceptible. The name 
Streptomyces venezuelae was given to 
the actinomycete, in recognition of the 
country of its origin; the antibiotic crys- 
talhzed out of its culture medium was 
named Chloromycetin, since it contained 
chlorine and was produced by an actino- 
mycete. 

Experiments with chick embryos made 
by I. W. McLean of Parljse, Davis sug- 
gested that the new antibiude , might be 


■cplaccd Pcnicil- filaments. These 

eflective against diseases ol the typhus 
type, and on the strength of this hint 
Chloromycetin was sent to the Army 
Medical Center in Washington. Theic 
J. E. Smadel and E. B. Jackson tested it 
on the agents of epidemic typhus and 
scrub typhus, and obtained complete in- 
activation. What made the Washington 
results so thrilling was not the fact that 
two additional species had been added 
to the list of vulnerable miciobes, but 
that the two were of an ordci ol mi- 
crobial life difierent from those which 
had previously yielded to penicillin and 
stieplomyciu. The typhus agent is not a 
bacterium, but a microbe of the ordci 
known as Rickettsia, liere at last, it 
seemed, was an antibiotic that might 
piove specific for the whole group of 
rickettsial diseases. 

The first opportunity to try the mate- 
lial on human rickettsial infections came 
toward the end of 1947 with a call from 
public health officials in Bolivia, where 
epidemic typhus had broken out in the 
Department of La Paz. Eugene Payne 
of Parke, Davis gathered together all the 
Chloromycetin he could lay hands on 
and flew to Bolivia with it. Fourteen of 
the 50 patients £oi whom there was no 
Chloromycetin died; every one of the 22 
patients treated with the antibiotic got 
well. Dr. Smadel had ^ hand in the next 
clinical tiial, which was made at ICuala 
Lumpur in Malaya, where scrub typhus 
was active. Twenty -five proved cases 
were treated, and each made a lapicl 
recovery with no complications; among 
12 untreated cases, the illness was long, 
one patient died, and two suffered seii- 
ous complications. Since these early 
demonstiations Chloiomycetin has res- 
cued many other victims of rickettsial as 
well as bacterial infections under less 
dramatic circumstances but with equally 
successful results. It was the first anti- 
biotic to prove effective against typhoid 
fever. Since the eai*ly clinical tests, the 
range of infections susceptible to Chloro- 
mycetin has been further extended to 
include certain virus diseases and many 
invasions by bacteria, both gram-positive 
and negative. A hindrance to its wide- 
spread use was the fact that the pro- 
ducers weie able to obtain only limited 
supplies by culturing Streptomyces 


are shown in photoinicrograph above. 

venezuelae. This handicap is now being 
overcome by chemical synthesis. 

Chloromycetin, howcvei, is not the 
fiisl antibiotic to be made aitificially. 
Penicillin was synthesized in 1947 
through the joint eftoits ol chemists in 
the U.S, and England, but the process is 
so indirect, so slow and expensive that it 
cannot compete with the fermentation of 
the mold. In the ease of Chloromycetin 
the chemists were loi lunate in having a 
simpler and loss eccentric molecule to 
reconstruct, and the syntliesis was ac- 
complished last yeai at the Parke, Davis 
laboratoiios by Ilariy M. Brooks, Jr., 
Quentin R. Barlz, John Controulis unci 
Mildred C, Rcl)sLock. 

Aurcoinyciii 

While the pharmaceutical chemists in 
Detroit eluciclated tlie strucluie ol Chlo- 
romycetin and synthesized it, anodicr 
group of researchers at the Lederle Lab- 
oratories in Pear] River, N.Y., discov- 
ered, tested and produced auieomycm. 
This antibiotic gets its name from the 
organism lliat manulactures it, Strepto- 
myces aurcofaciens, another member of 
the numerous family of actinomyceles, 
Benjamin M. Duggar and his associates 
at Lederle examined thousands of micro- 
scopic luiigi befoie they lociiscd tlieir 
elfoits on the hither to-unclescribed spe- 
cies which tinctured its culture broth 
with the golden antibiotic This new 
microbe-killer, which was announced in 
a series of papers presented to the New 
York Academy of Sciences last summer, 
is already m mass production. 

An account of eaily cxpeiiences with 
aureomycin in the treatment of disease 
has already appeared in tins magaziae 
(Scientific Ameuigan, April) , Wlhle it 
cures many infections that also yield to 
penicillin and streptomycin, its antago; 
nism for the rickcttsiae and certain virus- 
es has attracted moie attention. The 
early supply of aureomycin available to 
physicians was limited; consequently 
they concentiated their use of it on those 
diseases that are beyond the reach of 
the more abundant diugs. Ameomycin 
gives remarkable results in the treatment 
of undulant fever, a bacterial infection, 
and recent reports indicate that it is ef- 




SXKEP 1 OM j CES ORISEUS, llic orj>aiiiaiii lliat pro- xiieiits than Penicilliiini clirysogeiiiiin. Pciiicilliuni is a 

duces the anti])iolic streptomycin, has even finer hla- niold^ Streptoniyces is classified as an actinoniycete- 


fective against amoebic dysenteiy, a pro- 
tozoal infection, and against shingles, a 
virus infection. Although aureomycin re- 
qimes dosages in higher concen tuitions 
than penicillin, it imposes lew and only 
minor side effects on the patient. In lack 
of toxicity and of bacterial lesistance, 
aureomycin and Cliloromycelin appear 
to be close iivals. Both are pieferably 
administered by mouth, whereas strepto- 
mycin must be injected. If penicillin is 
given orally the dose must be five times 
greater than the injected dose. 

Harold Raistrick, professor of bio- 
chcmisfry at the University of London, 
published in the British scientific jomnal 
Nature last Jaxmaiy an assessment of the 
probable comparative value of the four 
antibiotics now used medicinally. “In the 
treatment ol most gram-positive bacte- 
rial infections, the supreme position of 
penicillin lemains unchanged,'’ said Dr. 
Raistrick. “Streptomycin appeal s to hold 
a similar though less exalted position in 
the treatment of many tubeiculous infec- 
tions; but it seems probable that aiireo- 
mycin may displace stieplomycin m the 
tieatment of many gram-negative infec- 
tions, particularly of the urinary tract, 
because of the unquestioned advantage 
it possesses that liacteria do not become 
icsistant to it hi vivo as they often do to 
streptomycin. In the treatment of viral 
and rickettsial diseases, both Chloromy- 
cetin and aureomycin oficr considerable 
grounds for hope in infections which 
have so far proved very resistant to 
ch emother apcutic agents . ” 

Gaps in the Defense 

Antibiotics have scored their greatest 
tiiumphs against bacteria, but there re- 
main a number of bacterial diseases yet 
to be conquered. Although massive daily 
doses of penicillin have cured certain 
staphylococcal and streptococcal infec- 
tions of the heart, there are cases that 
resist every known drug. Certain infec- 
tions of the urinary tract caused by the 
bacteria proteus and pyocyaneus, menin- 
gitis caused l^y the pneumococcus, and 
other sfleh infections still need more ef- 
fective antibiotic treatment. 

It is among the virus diseases that the 
most serious gaps remain, for viruses 


account for some of the most crippling 
and widespiead invasions known to the 
human body, infantile paralysis, influen- 
za, smallpox, yellow fever and many 
other diseases. Although effective vac- 
cines have been developed against 
smallpox and yellow fever, there is still 
no drug to halt these infections once 
they have gained a foothold. It is true 
that Chloromycetin and aiueomycin 
have scored biilliant successes against 
several disorders which are loosely rated 
as of viral origin: notably psittacosis, the 
venereal inlcction lymphogranuloma 
venereum, and atypical pneumonia. But 
atypical jnieiimouia is only asssumed to 
be a virus disease— its agent has never 
l)cen characlenzed; and psittacosis and 
lymphogianiiloma venereum are caused 
liy 1 elalivcly large agents on tlie border- 
line between viruses and ricketlsiae. 

Several laboratories are concentrating 
on the search for antibiotics against 
viruses. The Merck Institute for Thera- 
peutic Research lecently installed Rich- 
ard E. Shope in a new building especial- 
ly designed and completely equipped for* 
the invesligalion of these tiny disease 
organisms, A year ago, at the Rockefeller 
Institute for Medical Research, Dr. 
Shope found in a filtrate of Penicillium 
fimiculosiim a substance that protected 
mice against the viius of swine influenza. 
Swine influenza is not the same as human 
influenza, but this finding in animal 
pathology may provide clues to human 
pathology. 

Another center of research m the vii'us 
field is the New York Botanical Garden. 
Here Igor N. Asheshov and others aie 
investigating bacteriophage. The phage 
IS a virus which destroys bacteria, and a 
very useful viius it is from the human 
point of view. Since it is harmless to man, 
physicians sometimes use it clinically to 
combat staphylococcal and streptococcal 
infections. Dr, Asheshov is not interested 
in the phage as a therapeutic agent but 
as a representative of the virus type of 
microbe. The study of this virus which 
attacks bacteria may shed light on the 
viruses which attack men— as in polio- 
myelitis. The American Foundation for 
Infantile Paralysis is supporting the stu- 
dy, and aheady Dr. Asheshov and his 
co-workers have discovered two sub- 


stances pioduced by a fungus of the 
Aspeigillus group which stop phage ac- 
tion. One of these substances is effective 
against the phage that combats staphylo- 
coccus, the othei against that which, in- 
hibits sti eptococcus . 

“It is a long way from the bacteria's 
disease of phage to mankind’s disease of 
infantile paialysis,'’ grants W. J. Rob- 
bins, who is m general charge of the 
reseaich at the Botanical Garden, “and 
we aie not so naive as to believe that 
our search will diieclly tuin up an anti- 
biotic against poliomyelitis. But the 
study may disclose new knowledge of 
viruses which will open fresh leads to- 
waid an understanding of the polio viius. 
And we hope that out ol all these efforts 
there may eventually come the disco veiy 
by someone ol a chemical compound 
that will cure infantile pauilysis.” 

Bacterial Resistance 

As early as 1940, Florey and his asso- 
ciates noticed that after prolonged ex- 
posure to penicillin bacteria often devel- 
oped the ability to grow m spite of the 
drug. Since then many investigators have 
cxploied the phenomenon of bacterial 
resistance. An interesting contribution 
to our knowledge of this subject was 
made at the University of Chicago in 
1947 by C. Philip Miller and Marjorie 
Bohnhoff. They cultured the meningo- 
coccus in a broth containing a solution 
of penicillin too dilute to inhibit tlie bac- 
terial giowtli, and increased the concen- 
tration of the penicillin at periodic intei- 
vals. After 147 transfers had been made 
the bacteria were still gi owing, though 
the medium then contained 5,000 units 
ol penicillin per c.c. This concentration 
ordinal ily would slop growth complete- 
ly. When ti’ansferied to penicillin-free 
hioths, however, the bacteria gradually 
lost their lesistance and once more be- 
came susceptible to the drug. 

Streptomycin not only invokes lesist- 
ance to a greater degree than the other 
antibiotics, but once acquired, the re- 
sistance appears to be a permanent prop- 
erty of the bacterial strain. Drs. Miller 
and Bohnhoff found that meningococci 
produced different types of resistant va- 
riants after continued exposure to strep- 
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tomycui. One type would not grow ut all 
unless the broth contained at least five 
micrograms of streptomycin pei c.c 
Moi cover, when the bacteiia ol this 
stmm were injected into mice they 
proved to be haimless unless streptomy- 
cin also was injected into the animal. 
Thus one bacteiium's poison had be- 
come another bacterium’s meat. 

These changes m the i espouse of a 
miczobe oi a miciobial population to the 
picsence of a chemical compound may 
be the lesult of the acquisition of a new 
enzyme system oi othei metabolic re- 
souice which permits the organism to 
suivive in spite ol, or with the assistance 
of, the antibiotic. Or the changes may be 
inherent in certain bacterial individuals 
as a lesult of genic mutation 

The mutation theory is sti‘ongly sup- 
2301 ted by the ex23enments of M. Dem- 
erec at the Carnegie InstitutioiTs labora- 
toiy at Cold S23rmg Harbor, N.Y. He has 
subjected the same S23ecies of bacteria to 
cories23ondiiig concentrations of 2 ^enicil- 
lin, streptomycin and auieomycm, and 
noted the rates at which resistance builds 
Vip, and the changes that occur when ex- 
posure to the antibiotic is discontinued. 
From these studies Dr Demoiec is con- 
vinced that resistance is controlled by 
mutational cliaiigcs in the bacterial cell, 
and that these changes involve several 
genes. His data indicate that in the aver- 
age bacterial colony only about one in- 
dividual out of eveiy 10 million is a 
resistant mutant The bacterial 2 ^op illa- 
tion in any infectious disease comprises 
so many billions that even this micro- 
SC0231C fraction 2 ^ 1 'ovides seveial thou- 
sand resistant mutants. Since the anti- 
biotic does not affect them, tliey proceed 
to multiply while the billions ol susce23ti- 
ble individuals die away; soon the pojju- 
lation is 23iedoininantly lesistant. 

“The most eflFective way, theoietically, 
of preventing the origin of resistant 
strains of bacteria,” says Di. Demerec, 
“is the use of a mixture ol two antibiotics, 
when such are available, that affect the 
same parasites but aie inde23endent in 
theii actions. If such a mixture is used, 
flien only bacteiia that are resistant to 
both antibiotics can survive the treat- 
ment and form first-stepj resistant strains. 
Such bacteria would be exceedingly laie. 
For example, if first-step resistant bacte- 
ria for each of two different antibiotics 
should be found in a large bacterial 
population with a frec 2 uency of one in 
10 million, then the expected frequency 
of bacteria resistant to both antibiotics 
would be one in 100 million million.” 

Mode of Action 

How a bacterium resists the action of 
the antibiotic must depend on what that 
action is. Is it bactericidal, i.e., does the 
antibiotic kill the bacterium directly? Or 
is it bacteriostatic, a process which 
blpcks gro^vth and thus reduces the para- 


site to a state oi stagnaLioie making it an 
easy piey ioi the white blood cells? Ap- 
parently both piocesses aie at work, de- 
23ending on tlie natuie of the drug and its 
degiee of concenUation. The English 
bacteiiologist L. F Gaiiod has made a 
conqoaiative study of the action of 2 ^eni- 
cillin and stiC23tomycin and lepoitecl that 
stie23tomycm exeits a moie immediate 
bactciicidal effect, beginning, uiidei fa- 
voiable conditions, within one minute 
aftei contact. 

Vaiious studies have been made ol the 
biochemistiy of susceptible miciobes in 
the 23iesence ol an antibiotic, to see what 
it is that the diug does. In the case of 
23enicillin, the evidence indicates that the 
assimilation of glutamic acid by the bac- 
terial cells IS obstructed. In the case of 
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stre 2 )tomycm, the action similaily is one 
of interru23tion of the bacterial cell’s 
metabolism, although tlie blockade here 
occurs in the resjiiratory process. 

The site of this blockade by strepto- 
mycin was recently identified by W. W. 
Umbreit of the Merck Institute in a se- 
nes of ex 2 >enments with the colon bacil- 
lus. Dr. Umbieit was able to show that 
at one point in the chain of reactions 
which constitute the respiiation of this 
bacterium, the compound oxalacetate 
reacts with various substances, and he 
demons ti-ated that the effect of strei^to- 
mycin is to halt this step. If oxalacetate 
is not condensed, the microbe s metabo- 
lism is unable to proceed to its next step. 

Reducing Toxicity 

The object of antibiotic research may 
be reduced to a phrase: to make the 


coinjiouud moie toxic ioi the 2^i^iasiLcs 
and less toxic to tlic human body wliich 
the paiasiles mlcsi. Theic aic any num- 
bci ol siilislances that aic highly [rotent 
against bacteria, but, like gianiicidin, 
they aie too destiuctive ol blood cells 01 
loo antagonistic to kidney 01 othei tissue 
cells to be admitted to the bloodstream. 
Bacitracin was discoveied m 1943 and 
widely hailed as an antibiotic, but the 
Food and Diug Administi ation has 
cleaied it only as an aiitisei^tic loi the 
external Uealmoiit ol wound and surgi- 
cal inlections Polymixin is a moie lecent 
discovery. Some tiuils of it liave been 
made clinically on a lew hopeless human 
cases ol mlection, lint the diug effects 
aie too seveie to permit ol geneial use. 
Yet a given quantity ol polymixin can 
demolish giam-ncgalive bacteria with a 
comjileteness and ccleuty provided by 
no other antibiotic Pcirin PL Long and 
his associates at Jolins Ho 2 ')kins report 
that 23olymixin is twice as potent against 
bacteiia as streptomycin, and in the case 
of certain organisms it is 80 times more 
effective. 

Polymixin, bacitiaciii and giamicidm 
aie i elated chemically, then molecules 
being of the ty23e known as a 2 ^oly 2 ^ep- 
tidc. Toxicity seems to l)e nihcienl in this 
type oi molecule, ft is significant also 
that these polypejiliclo antiluotics aie 
produced by bacLeiia. Some lescarcheis 
question whether it is woith- while to 
2‘)U)spcet bacteiia further lor useful anti- 
biotics. The aelinomyccles, with slrc23to- 
mycin, Chloromycetin and auieomycm 
already to thcii credit, are llic microor- 
ganisms in gieatest lavoi today— and 
theie arc many species in this gioup 
which are still to 1)C tested lor antibiotic 
23roduction. 

II the molecule is toxic because of its 
structure there is not much lliat one can 
do about it. But even if tlie molecule is 
mheiently nonloxic thcic is the chance 
that it may pick up poisonous com- 
pounds from the medium, and that in 
extracting the antibiotic one may get this 
toxic contamination. Such admixtures 
are almost inevitable if the culture me- 
dium IS of an unknown com23osition, as 
aie most natuial broths. There is a strong 
tendency, theielorc, to develo23 synthetic 
culture media, that is, bioths that aie 
made of selected chemical compounds 
assembled m the laboratory. Instead of 
mixing beef extract or coinsteeping 
liquoi Ol other naluial nutrients into the 
broth, the synthetic ex23orimenters aic 
trying to determine 2 >i’ooisely what pure 
chemical compounds the growing organ- 
isms need to produce antibiotics. When 
that is known, they ex 2 )ect to be able to 
control the jiioduction to a far greater 
extent than is presently 2 )ossible. 


George W. Gray loas the author of 
Cosmic Rays, tohich appeared in 
the March issue of this magazine. 





STREPTOMY CIN is jHolalc<I in orysLals ol slrepLoxnycin baino laljoralory that procliicecl strcplouiydn. Neomycin 
trihycliochloride-calciini) ohloridc ilouI)lc sail. Rccenrly appeals to Le an iniprovexncnt on strop tomycin in that 
a similar anli])iotic, neomycin, was discoverer] in the it is less likely to stimulate the resistance of hacteria. 



PENICILLIN is isolated in crystals of its type G. Al- 
though it was discovered by Fleming in 1928, it was not 
isolated by Howard Florey and his associates until 1938, 



CHLOROMYCETIN crystals have been reproduced 
synthetically. Penicillin has also been synthesized, Intt 
process does not lend itself to large-scale mantifactxire. 
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LEARNING TO THINK 


Some psychologists have believed that human beings are 
born with certain powers of reason. The authors present 
the view that all such functions must first be learned 


by Harry F. and Margaret Kiienne Harlow 


H OW does an infant, boin with only 
a few simple reactions, develop 
into an adult capable of lapid 
learning and the almost inciedibly com- 
plex mental piocesses known as think- 
ing? This is one of psychology's unsolved 
problems. Most modern explanations aie 
not much iiioie enlightening than those 
offered by 18th-century French and 
English pliilosophei s, who suggested 
that the mind developed merely by the 
process of associating ideas oi expe- 
riences with one anotbei. Even the early ^ 
philosophers realized that this was not a ** 
completely adec^^uaie cxplauation. 

The speed and complexity of a human 
being’s mental processes, and the intrica- 
cy of the neive inechamsms that piesum- 
ably undeihe them, suggest that the 
biain IS not siraply a passive nctwoik of 
communications lint develops some kind 
of organization that facilitates learning 
and thinking. Whether such oigamzing 
piinciples exist has been a mattei of con- 
siderable dispute. At one extieme, some 
modem psychologists deny that they do 
and describe learning as a mere trial- 
and-eiTor process— a blind iumbling 
about until a solution accidentally ap- 
pears. At the othei extreme, there are 
psychologists who hold that people leain 
through an innate insight that reveals 
relationships to them. 

To investigate, and to reconcile if 
possible, these seemingly antagonistic 
positions, a series of studies of the learn- 
ing process has been carried out at the 
Univeisity of Wisconsin. Some of these 
have been made with young childien, 
but most of the leseaich has been on 
monkeys 

Foi two basic reasons animals aie pai- 
ticularly good subjects foi the investiga- 
tion of learning at a fundamental level. 
One is that it is possible to control their 
entire learning history : the psychologist 
knows the problems to which they have 
been exposed, the amount of training 
they have had on each, and the record 
of their peiformance. The other reason 
is that the animals’ adaptive processes 
are more simple than those of human 
beings, especially duiing the first stages 
of the attack on a problem. Often the 
animars reactions throw into clear relief 
certain mechanisms that operate more 


obsemely in man. Of course this is only 
a relative simplicity. All the higher mam- 
mals possess intricate nervous systems 
and can solve complex problems. In- 
deed, it is doubtful that man possesses 
any fundamental intellectual process, ex- 
cept hue language, that is not also pres- 
ent in his more lowly biological brethren. 

Tests of animal learning of the trial- 
and-eiroi type have been made in mnu- 
meralile laboratories. In the special tests 
devised for our expeumeuts, wc set out 
to dcleriniuc whethoi monkeys could 
progress fiom tnul-and-cum leaimng to 
the ability to solve a pi oblcm immediate- 
ly bv insight. 

One of the first experiments was a 
simple discrimination test. The monkeys 
were confronted witli a small boaul on 
which lay two objects diffeicnt in coloi, 
size and shape. If a monkey picked up 
the correct object, it was rewarded by 
finding raisins oi peanuts underneath, 
The position oi the objects was shifted 
on the board in an ii regular manner from 
tiial to tiial, and the trials weie conlm- 
ued until the monkey learned to choose 
the correct object. The unusual feature 
of the experiment was that the test was 
repeated many times, with several hun- 
dred diffeient pairs of objects. In other 
words, instead of training a monkey to 
solve a single problem, as had been done 
in most pievious psychological work of 
this kind, we ti ained the animal on many 
problems, all of the same general type, 
but with varying kinds of objects. 

When the monkeys first laced this test, 
they learned by the slow, laborious, 
fumble- and-find process But as a mon- 
key solved pioblem after problem of the 
same basic kind, its behavior changed 
in a most dramatic way. It learned each 
new problem with progressively greater 
efBciency, until eventually the monkey 
showed perfect insight when faced with 
this paiticular kind of situation-'it solved 
the problem in one trial. If it chose the 
correct object on the first trial, it rarely 
made an error on subsequent trials. If it 
chose the incorrect object on the first 
trial, it immediately shifted to the cor- 
rect object, and subsequently responded 
almost perfectly. 

Thus the test appeared to demonstrate 
that tiial-and-error and insight are but 


two dilfcicnt phases of one long continu- 
ous process. They aic not diffeient capa- 
cities, blit meiely icpiescnt the orderly 
development of a leaimng and thinking 
process. 

A long senes ol these disci imination 
problems was also run on a group of 
ninsciy-school childien two to five yeais 
ol age. Young childien were chosen be- 
cause they have a minimum of previous 
expeiienco. The conditions in the chil- 
dren’s tests weic only slightly different 
horn those toi the monkeys; they weic 
rewarded by finding brightly colored 
macaroni heads instead of raisins and 
jxuinuts. Most ol the children, like the 
monkeys, made many erroi s in the early 
stages of die tests and only gradually 
learned to solve a piohlcMu in one trial. 
As a giouji the childien learned moie 
lapidly than the monkeys, hut they made 
the same typos ol crrois. And the 
“smartest” monkeys learned lasler than 
the “dullest” cluklien 

Wo have called this process of pro- 
gressive learning the iormation of a 
“learning set.” The subject learns an or- 
ganized set of habits that enables him to 
meet effectively each now problem of 
this paiticular kind. A single set would 
provide only limited aid in enabling an 
animal to adapt to an ever-changing en- 
vironment. But a host of dillerent learn- 
ing sets may sujiply the raw material for 
human thinking. 

We have tunned monkeys and children 
to solve prolilems much more complex 
than the ones thus far described. For in- 
stance, a deliberate attempt is made to 
confuse the subjects by rcvcismg the 
conditions oi the disci immali on test. The 
pieviously coirect object is no longei 
rewarded, and the previously incorrect 
object is always rewarded, When mon- 
keys and children face this switch-over 
for the first time, they make many enois, 
persistently choosing the objects they 
had previously been ti ained to choose. 
Gradually, from problem to problem, the 
number of such errors decreases until 
finally the first reversal trial is followed 
by perfect performance. A single failure 
becomes the cue to the subject to shift 
his choice from the object which has 
been rewarded many times to the object 



MONKEY EXPERIMENTS al the University of Wis- 
consin illiislralc the process ol learning*. In the drawing 
at the tipper right a monkey is confronted with two 
different ohjccls. Under one of tlicin is always a raisin 
or a peanut. In the drawing at the riglit the monkey has 
learned consistently to pick iJ>c same o])jcct. In the 
drawing al)Ove tiie monkey has learned consistently to 
choose one ohjccl wlucli differs from two others. In tlic 
two drawings below the monkey has learned a nnich 
more complicated process. In llic drawing at the lower 
left it has learned llxat when the hoard is of a certain 
color it mnsl choose the object that is odd in shape. In 
the drawing at tlic lower right it has learned that when 
the board is of another color it must choose the o])jecL 
that is odd in color. In all these prolilcms the monkey 
first learned to solve the prolilem liy trial and error. 
Later it solved them imtnedialcly by tinderstanding. 




which has never been le wauled bcfoic. 
In this type ot test childien learn much 
more rapidly than monkeys. 

A group of monkeys that had loimed 
the discrimmation-reveisal learning set 
was later tiained on a fmthei lefinement 
of the pioblem. This time the lewarcl 
value of the objects was leveised for only 
one tiial, and was then shifted back to 
the oiiginal lelationship. Aftei many 
pioblems, the monkeys learned to ignore 
the single leversal and tieated it as if the 
experimenter had made an error! 

The problem was made inoie compli- 
cated, in anothex test, by offering the 
subjects a choice among thiee objects in- 
stead of two. Theie is a tiay containing 
ihiee food wells. Two are coveied by one 
kind of object, and the third is coveied 
by another kind. The animal must choose 
the odd object. Suppose the objects aie 
building blocks and funnels. In half the 
trials, theie aie two blocks and a funnel, 
and the correct object is the funnel. 
Then a switch is made to two funnels and 
one block. Now the coiiect object is the 
block. The animal must leain a subtle 
distinction heic it is not the shape of 
the object that is important, but its rela- 
tion to the other two. The meaumg of a 
specific object may change from trial to 
trial. This problem is sometliing like the 
one a child laces in trying to loam to use 
the words ‘you,” and “he” propeily. 
The meaning of the words changes ac- 
cording to the speaker. When the child 
IS speaking, “I” lefeis to himself, “you” 
to the person addressed, and “he” to 
some third peison. When the child is 
addressed, the child is no longer “I” but 
“you.” And when others speak of him, 
the terms shift again 

Monkeys and children were trained 
on a series of these oddity problems, 24 
tiials being allowed for the solution of 
each pioblem. At first they floundered, 
but they improved from problem to 
problem until they learned to respond to 
each new problem with perfect or nearly 
perfect scoies. And on this complex 
type of problem the monkeys did better 
than most of the children' 

O NE of the most sti iking findings from 
these tests was that once the mon- 
keys have formed these learning sets, 
they retain them for long periods and can 
use them appropriately as the occasion 
demands. After a lapse of a year oi more, 
a monkey regains top efficiency, in a few 
minutes or hours of piactice, on a prob- 
lem that it may have taken many weeks 
to master originally. 

All our studies indicate that the ability 
to solve problems without fumbling is 
not inborn hut is acquired gradually. So 
we must re-examine the evidence offered 
in support of the theory that animals 
possess some innate insight diat has noth- 
ing to do with learning. 

The cornerstone of this theory is the 
work of the famous Gestalt psychologist 
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Wollgang Kobler on the bchaviox ol 
chimpanzees, In a senes of brilliant stud- 
ies he cleaily showed that these apes 
can use sticks to help them obtain bana- 
nas beyond their reach. They employed 
the .sticks to knock the bananas down, 
to lake them m, to climb and to vault. 
The animals sometimes assembled shoit 
sticks to make a pole long enough to 
leach the food, and even used sticks in 
combination with stacked boxes to 
knock down high-danglmg bait. That 
the chimpanzees tiequenlly solved tlxese 
pjoblcms suddenly, as il by a flash ol in- 
sight, impicssed Kohler as evidence of 
an ability to leason independently ol 
learning. Ho even suggested that this 
ability might diflcientiate ajies and men 
Irom other animals. 

Unloitunately, since Kohler’s animals 
had been captured in the jungle, be had 
no lecord of their previous learning. 
Recent studies on chimjoanzees boin m 
captivity at the Yeikes Laboiatoiy of 
Primate Biology at Orange Park, Fla., 
throw doubt on the validity of Kohler’s 
inteipretalious. Plerbert Bircli of the 
Yerkes Lalioratoiy repoited that when 
he gave .sticks to foiu-ycai-okl chimps in 
their cages, they showed little sign at 
fiisl of ability to use them as tools. 
Gradually, in the course oJ tliiee days, 
they learned to use the sticks to touch 
objects beyond ihcii reach. Later the 
animals solved veiy simple stick jirob- 
leins faiily well, but they had difficulty 
with more complex pioblem.s. 

Extending Birch’s investigations, the 
late Paul Schiller piesenled a series of 
stick tasks to a gioup of chimpanzees 
from two to over eight years of age. The 
younger the animal, the more slowly it 
mastered the problems. Some young sub- 
jects took hundreds of trials to perform 
efficiently on even the simplest problems, 
while old, experienced animals solved 
them witli little practice. None of the 
apes solved the tasks initially with sud- 
den insight. 

Even at the human level there is no 
evidence that children possess any innate 
endowment that enables them to solve 
tool problems with insight. Augusta 
Alpert of Columbia University tried 
some of Kohler’s simple chimpanzee tests 
on bright nursery-school children. The 
younger children typically went through 
a trial-and-error process before solving 
the problems Some of them failed to 
solve the easiest problem in the series m 
five experimental sessions.. 

Eunice Mathieson presented more dif- 
ficult Kohler-type tasks to a group of 
University of Minnesota nursery-school 
children. The results were even more 
overwhelmingly against the notion that 
tool problems are solved by flashes of 
natuial insight. The children rarely 
solved a problem without making many 
mistakes. 

This research, then, supports our find- 
ings. In all clear-cut tests-that is, when- 


cvci the animals’ ciiliie Icainmg hisloiy 
is known— monkeys, apes and cliildieii at 
fiisl solve piolilcins by trial and ciror. 
Only giadually does such behavior give 
way to immediate solutions. 

W E began by pointing out that psy- 
chologists have sought to find in the 
highei mental piocesscs some oiganizmo 
mechanism or pimciple that would ex- 
plain learning and thinking We can now 
suggest sucli a mechanism the learning 
set. Suppose we picUiie mental activity 
as a continuous stiucture built up, step 
by slC]-), by the solution ot lucreasmgly 
difficult pioblcms, fiom the simplest 
pioblem in learning to the most complex 
one m thinking. At each level the indi- 
vidual tiics out vuiious 1 espouses to 
solve each given task. At the lowest level 
he selects liom imlcaincd i espouses or 
previously leained habits. As bis expeii- 
ence inci cases, habits that do not help 
m the solution chop out and useful hab- 
its become established. Aftoi solving 
many problems ol a ceitain kind, he de- 
velops organized patterns ol responses 
that meet the demands of tliis type of 
situation. These patterns, or learning 
.sets, can also be applied lo tlie solution 
ol still more complex pioblcms. Eventu- 
ally die individual may organize simjilc 
leaining sets inlo moie comjilex jiatterns 
of leanung sets, wliicli in Liiin arc avail- 
aide lor Iransiei as units lo new situa- 
tions 

Thus tlic individual leains Lo cope 
with more and moic difricult pioblems 
At the highest stage in tins piogression, 
the intelligent human adult selects from 
innumerabjc, pieviously acquired learn- 
ing sets the law material lor thinking. 
His many years of education in school 
and outside have lieen devoted to build- 
mg up these complex learning sets, and 
he comes to manipulate them with such 
ease that he and his observers may easily 
lose .sight of ihcir oiigin and develop- 
ment, 

Tlxe fundamental role that language 
plays m the thinking process may be de- 
duced easily horn our experiments. They 
suggest that words are stimuli or signs 
that call forth the particulai learning sets 
most appropiiate for solving a given 
problem. If you listen to yourself “talk” 
while you are thinking, you will find that 
this IS exactly what is happening. You 
leview the different ways of solving a 
problem, and decide which is the best- 
Wben you ask a friend for advice, you 
are asking him to give you a woid stimu- 
lus which w^ill tell you the appropriate 
learning set or sets for the solixtion of 
your problem. 

This principle is particularly well il- 
lustrated by some of our monkey experi- 
ments. Though monkeys do not talk, 
they can learn to identify symbols with 
appropriate learning sets. We have 
trained our monkeys to respond to signs 
in the form of differently colored trays 



on which the test objects appear In one 
test the monkeys wcie piesenied with 
three different objecls—a red U-sliaped 
block, a gieen U-shapcd block and a red 
cross-shaped block. Thus two of the ob- 
jects weie alike in foim and two alike 
in color. When the objects weie shown 
on an orange tray, the monkeys had to 
choose the green block, that is, the ob- 
ject that was odd in color. When they 
were shown on a cieam-colored tiay, the 
animals had to choose the cioss-shapcd 
block, that is, the object odd in foim. 
Aftei the monkeys had lormed these two 
learning sets, the color cue ol the tiay 
enabled them to make the jnopci choice, 
trial alter trial, without eiror. In a sense, 
the animaks responded to a simple sign 
language. The dilBciilty ol this test may 
be judged by the lact that the German 
neuiologist Kmt Goldstein, using similai 
tests lor human beings, found that peo- 
ple with oiganic biain disordcis could 
not solve such tasks efficiently. 

At the Wisconsin laboratories, Benja- 
min Winsten devised an even more difli- 
cult test lor the monkeys This pioblcm 
tested the animals’ ability to recognize 
similarities and chffeionces, a kind ol 
task Irecgieutly used on children’s intel- 
ligence tests. Nine objects wore ])laccd 
on a Uay and the monkey was handed 
one of them as a sample The auimar.s 
pioblcm was to pick out all identical ob- 
jects, leaving all the rest on the liay. In 
the most complicated form of this test 
the monkey was given a sample which 
was not identical with the objects to bo 
selected but was only a symbol lor them. 
The animal was handed an unpain ted 
tiiangle as a sign to pick out all red ob- 
jects, and an nnpamled circle as a sign 
to select all blue objects. One monkey 
learned to lespond almost perfectly. 
Given a triangle, ho would pick evciy 
object with any i ed on it; given a circle, 
he selected only the olijects with blue on 
them. 

All these data indicate that animals, 
human and subhuman, must learn to 
think. Thinking does not develop spon- 
taneously as an expression ol innate abil- 
ities, it is the end result of a long learn- 
ing process. Years ago the British biolo- 
gist, Thomas Henry Huxley, suggested 
that “the brain secretes thought as the 
liver secretes bile/’ Nothing could be 
fuither horn the truth. The brain is es- 
sential to thought, but the untutored 
brain is not enough, no matter how good 
a brain it may be. An untrained brain 
is sufficient for trial-and-error, fumble- 
through behavior, but only training en- 
ables an individual to think in terms of 
ideas and concepts, 

Harry F. Harlow is professor of psy- 
chology at the University of Wis- 
consin. Margaret Kuenne Harloio, 
his wife, is assistant professor of 
psychology at the same institution. 



MORE COMPLICATED TEST involves teacliing a monkey to choose cer- 
tain objects not by matching but by response to a symbol. In the pair of 
drawings at the top of this page the monkey is shown a triangular object and 
pushes forward all the red objects. In drawings at bottom the monkey, shown 
a round object, pushes forward blue objects, here indicated by gray tone. 


LEO 

The massive achievements of the Italian physicist, 
astronomer and mathematician mark the transition 
from the Middle Ages to the era of modem science 

by I. Bernard Colien 



ROBABLY no 
single name in 
the annals of 
science is as 
well known as 
that of Galileo. 
Yet so conflict" 
ing are the 
opinions in the 
litei ature on 
his work that it is diiricull for the aver- 
age scientist to find out exactly what 
Galileo did. Some waters tell us that 
Galileo was an empiricist wlio inaugu- 
lated the '^scientific method” ol learning 
“geneial truths of natuie,” and they illus- 
trate by citing his supposed discovery of 
the laws of falling bodies by patient ol> 
servation of what happened when balls 
of unequal weight were dropped from 
the Leaning Tower of Pisa. Otheis say 
that, on the contraiy, Galileo never 
learned anything by making experi- 
ments; he used them only to check re- 
sults which he had already obtained by 
mathematical reasoning and deductions 
from a priori assumptions. Many writeis 
hail Galileo as the fathei of modem sci- 
ence, Others aigue that almost every- 
thing Galileo did in science had been 
begun in the late Middle Ages. Many 
commentators agree with Sir David 
Brewster, who wrote of Galileo as one 
of the ‘martyrs of science.” Otheis ac- 
cept A. N. Whitehead’s remark that 
Galileo’s punishment by the Roman In- 
quisition was only “an honorable deten- 
tion and a mild repioof before dying 
peaceably in bed.” 

What shall a scientist do when he is 
faced with making a choice between 
diametrically opposed points of view 
held by such respected writers? The 
example of Galileo provides one of the 
best possible arguments for the need of 
a continuing and inci easing scholai'ship 
in the history of science. For if we are 
to understand the true significance of 
what Galileo did m physics and astrono- 
my, obviously we must first have a clear 
picture of the scope and nature of the 
science that existed at the time he^ did 


his work, and next a knowledge of the 
history of physical science since his time, 
so that we may evaluate those elements 
which have proved most fruitlul for the 
development of science. 

The difficulty in mtei pie Ling Galileo 
stems in laige pait fiom tlie natiue of 
his own thought and wiitings. He lived 
in that feitile period which maiks the 
end of the Middle Ages and Kenaxssanccj 
and the beginning of the eui of tnodcru 
science. Thus he was a transitional figure 
with one loot in the past and the other 
striding into the future. Considciiiig this 
state ol alfairs, one would need an un- 
wai ranted vanity to attempt to patch up 
all the contradictions in the various in- 
terpretations that have been made dur- 
ing the last hundred years. Yet certain 
clearly marked aspects ol Galileo’s 
achievement do emerge. 

Galileo was a physicist, an astrono- 
mer and a mathematician. The first sig- 
nificant contiibiition to astronomy by 
Galileo occurred m 1604 while he was a 
piofessor m Padua, a post he had re- 
ceived m 1592 at the age of 28, The 
occasion was a new stai seen in the heav- 
ens, a nova, which had aroused gieat 
interest among scientists, students and 
laymen everywheie. In a public lecture 
Galileo demonstrated, on the basis of 
careful observation, that the new star 
was truly a star It could not be a meie 
meteoi m the Earth’s atmosphere, for it 
had no parallax and must be very distant, 
among the fixed stars well beyond our 
solar system. Galileo predicted that the 
nova would be visible foi a short while 
and then would \’‘anish into obscurity. 

The boldness of this assertion is diffi- 
cult to realize today. The outlook on the 
external world then was largely Aristo- 
telian; it was generally believed that the 
heavens were perfect and unchangeable 
and subject neither to growth nor to de- 
cay. Only the Earth, the center of the 
universe, could change. The laws of 
physics on Earth were essentially differ- 
ent from those in the celestial beyond. 

Galileo’s assertion that the perfect and 
unchangeable heavens might witness 


growth and decay brought him into im- 
mediate conflict with the Aristotelians. 
The latter, as one of Galileo’s biogui- 
phers, J. J. Fahie, puts it, wcie probably 
as much “annoyed at the appeal ance of 
the stai’' as at Galileo’s “calling attention 
to it so publicly and lorcibly.” In any 
event, Galileo was a bcttei target than 
tlic star. Galileo was never one to shrink 
horn conlroveisy, and he seized the op- 
portmiily to repudiate the old physics of 
Aiistotle, which he held to be inadc- 
cpiate, and with it the Ptolemaic, or geo- 
centiic, system ol the uuivoise. 

G ALILEO had aheady been a con- 
’ firmed Copernican lor some time, al- 
though he had not dared to publish his 
arguments, “leaving,” as he said in a let- 
ter to Johann Kepler, “the fate of our 
mastei, Copernicus.” Soon alter his stud- 
ies oi the new star, however, Galileo 
was provided with an extiaoi dinary op- 
portunity to vindicate the Copernican 
idea. This occasion was the most impoi- 
tant event m Galileo’s career as an as- 
tronomer. He wrote. 

“About ten months ago a rimioi came 
to our eais tliat an optical instrument had 
been elaborated by a Dutchman, by the 
aid ol which visible objects, even though 
far distant Irom the eye of the obscrvei, 
were distinctly seen as if near at hand, 
and some stones of this maiveloiis effect 
were bandied about, to which some gave 
credence and which others denied. The 
same was confirmed to me a few days 
aftei by a letter sent from Pans by the 
noble Frenchman Jacob Badovere, which 
at length was the leason that I applied 
myself culiroly to seeking out the theoiy 
and discovering llie means by which I 
might arrive at the invention of a similar 
instrument, an end which I attained a 
little latei, from considerations of the 
theoiy of refi action; and I fiist prepared 
a lube of lead, in the ends of which I 
fitted two glass lenses, both plane on one 
side, one being spherically convex, the 
other concave, on the other side.” 

Thus in his great book The Sidereal 
Messenger^ which he published in Venice 
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GALILEO GALILEI was born in 1564 and died in 1642. 
This portrait of him appears in his book Siderius Nun^^ 
cius (The Sidereal Messenger)^ printed in 1610. The 


initial letter of this article is also reproduced from 
Siderius Nuncius. The type used for the title of the 
article is from a 1632 edition of Galileo’s dialogues. 





FEATURES OF THE MOON were first clearly seen 1)7 
Galileo llnough bis telescope. He wrote: . tlie moon 

is full of inecxualitics, uneven, full of liollowb and pro- 


tubcranccs, jusl like the surface of the Earth itself, which 
is varied everywhere. . . .” Th<'S(' two woodcuts arc from 
a later edition of Si(l(*niiii NunciiiH published in 1655. 


m 1610, did Galileo describe his iutro' 
duotion to the telescope. There are sev- 
eral independent claimants to tl-^e inven- 
tion, but there is no doubt that Galileo 
was the first to turn the telescope to ob- 
servation of the heavenly bodies. Jt was 
an experience unique in the liistory of 
man, For millennia the heavens had been 
viewed only by the naked eye, and no 
one knew what glories might exist be- 
yond the range of man s unaided vision. 
Wheiever Galileo pointed his telescope 
he found extooidinaiy and astonishing 
new facts. 

Galileo first examined the Moon. His 
conclusion was '"that the surface of tlie 
Moon is not perfectly smooth, free fiom 
inequalities and exactly spherical, as a 
large school of philosophers considers 
with regal d to the Moon and the other 
heavenly bodies, but ... on the contrary, 
it is full of inequalities, uneven, full of 
hollows and piotuberances, ]ust like the 
sin face of the Earth itself, which is va- 
ried everywhere by lofty mountains and 
deep valleys ” Galileo even determined 
the height of the mountains on the 
Moon, and his results agree with modern 
determinations in order of magnitude. 
He believed at first that the dark and 
light areas on the Moon's surface lepre- 
sented land and watei, but we must re- 
member that even today beginning stu- 
dents of astronomy, on first looking at the 
Moon or at a photogiaph of it, have the 
same impression. 

N ext Galileo turned to the stars, and 
at once discovered a difference be- 
tween the fixed stars and the planets, or 
wanderers. "‘The planets present their 
discs perfectly round, just as if described 


with a pair ol compas.scs, and appear as 
so many little moons, completely illii- 
mmalecl and of a glolnilar shape; hut the 
fixed stars do not look to the naked eye 
[as i( they were] ])oimded by a circular 
circumference, but rather like blazes of 
light shooting (^ut beams on all side.s and 
very sparkling, and with the telescope 
they appear of the same shape as when 
they were viewed by simply looking at 
them. . . Galileo also noted that the 
telescope bi ought within the range of 
vision “a host of other stars, which es- 
cape the unassisted sight, so numerous 
as to be almost beyond belief. ...” 

The next subject of his obseivation 
was the Milky Way, which, to his aston- 
ishment, he found to be 'nothing else 
but a mass of innumerable stars planted 
together in clusters," Furthermore, all of 
the “nebulosities,” whose nature had 
long been a topic of dispute, also proved 
to be masses of stars. 

Galileo i eserved for last in his account 
“the matter, which seeiUvS to me to de- 
serve to be considered the most impoi- 
lant in this work, namely, that I should 
disclose and publish to the woild the 
occasion of discovering and observing 
four PLANETS, never seen from the 
very beginning of the world up to our 
own times, . . 

He had been examining the planet 
Jupiter on the seventli day of January in 
1610 when he noticed “that three little 
stars, small but very bright, were near 
the planet; and although I believed them 
to belong to the number of the fixed 
stars, yet they made me somewhat won- 
der, because they seemed to be arranged 
exactly in a straight line, parallel to the 
ecliptic, and to be brighter than the rest 


of lire stars, c([ual lo them in magni- 
Liidc. , . . On the cast side [of fupilcr] 
thcic were two slurs, and a single one 
towards west. . . . Bui when on 
famuiry 8lh, led by some lutalUy, f 
tuniod again lo look al llie same part of 
ihc heavens, I loiind a v(ay diffeient 
stale ol things, for there wcic three little 
stars all west of fupilcr, and ncaier to- 
gether llum on the previous night, and 
they weic separated horn one another by 
equal intcivals, as the accompanying il- 
lustration sliows.” 

Night after night Galileo continued lo 
ol>seive this group of “stars," and finally 
he “decided unhesitatingly, that theie 
aic tliree stars in the heavens moving 
about Jupilor, as Venus and Mercuiy 
lolmd the Sun; which at length was es- 
tablished as clear as daylight hy numer- 
ous othei siihsequcnL ohscivations. 
These observations also established that 
theic are not only thice, but four eiiatic 
sideieal bodies peifoiming then i evolu- 
tions round Jupiter. . . ." 

Galileo wrote that the discovery of 
Jupiter's four moons, which be called 
''planets, ” provided “a notable and splen- 
did argument to lemovc the sciuples of 
those who can tolerate the revolution of 
the planets round the Sun in the Coper- 
nican system, yet are so dislurl:>ed by the 
motion of one Moon about the Eaith . . . 
for now we have not one planet only re- 
volving about anothei . . . but four satel- 
lites circling about Jupiter, like the Moon 
about the Earth, while the whole system 
travels over a mighty oibit about the Sun 
in the space of twelve years.” Galileo 
discovered another important fact: that 
the planet Venus has phases like those of 
the Moon; it waxes and wanes from a full 
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SPOTS OF THE SUN were also observed by Galileo. 
Before liia time Uie sun had be(‘u c*onsi<lered a '‘^perfect” 
body* Woodcut is from Macchto Solaris, printed in 1613. 


SYSTEM OF COPERNICUS was defended in Galileo’s 
dialogues, from a 1632 edition of which this woodcut is 
taken. Illustration shows six and five moons. 


orb to a thin crescent. “From the ol)vScr- 
vation of these wondeifnl pheuoincna/' 
wrote Galileo, '\ve are supplied with a 
determination most conclusive, and ap- 
pealing to the evidence of om* senses, of 
two veiy impoitant pioblems, winch up 
to this day weie diseuvsscd by the gi cates t 
intellects with dillcrent conclusions. One 
is that the planets are bodies not sclt- 
liiminous (it we may entertain the same 
views about Mercury as we do about 
Venus) .... The second [is] that we are 
absolutely compelled to say lliat Venus 
(and Mercury also) revolves round the 
Sun, as do also all the rest of the planets. 
A truth believed indeed by the Pythago- 
lean school, by Copeniieiis, and by Kep- 
lei, blit ncvci proved by the evidence of 
our senses, as it is now proved in the case 
ot Venus and Mercury,” 

The discovery ot tlie phases of Venus 
diiectly challenged the accepted Ptole- 
maic system. According to this system, 
Venus moved m an epicycle, a ciiciilar 
orbit whose ccnlci* always lay between 
the Earth and the Sun. It this weie true, 
then Venus, shining, as Galileo showed, 
by reflected light from the Sun, might be 
seen in some of its crescent phases, but 
we would never expect to see Venus as 
a half circle, a lull circle, or any phases 
between. Yet Galileo obseivcd all these 
phases. 

G ALILEO’S discoveries made the 
Copernican system ''philosophically 
reasonable” by showing that the Earth 
was like the other planets and the Moon. 
By observing the dark half of the quar- 
ter moon, faintly illuminated by earth- 
shine, he demonstrated that the Earth 
shone just like the planets. If observed 


through a telescope located on the Moon 
or on Venus, the Earth would exhibit 
phases like llicirs. As Galileo put it, "The 
Earth, with fair and giateful exchange, 
pays back to the Moon an illuminaliou 
like that which it leccives fiom the Moon 
nearly the whole time during the darkest 
gloom of night.” 

The Sun, by contrast, was self-lumin- 
ous and thus set apart iiom the Earth, 
the Moon and the planets If any single 
body was especially constituted to be at 
the center of the umveise, surely it was 
the Sun and not the Earth! And as a 
model for this picture of the solar sys- 
tem, with the Sun at the center and its 
attendant planets circling it, iheie was 
Jupiter with its four satellites revolving 
about it in the same way, 

Galileos lilework shows a unity of 
pm pose and achievement that is rare 
among men of science, tiis work in me- 
chanics fitted in with his work in as- 
tionomy like an adjacent piece of a jig- 
saw puzzle. It is clear from his writings 
that Galileo was at heart a gadgeteer 
with true mechanical feeling and in- 
ventive genius. One of liis earliest dis- 
coveries was that a pendulum always 
makes a complete swing in the same pe- 
riod of time, no matter what the length 
of the swing. He speedily applied this 
discovery to the invention of the "pulsi- 
logium,” a device for mechanically re- 
cording and comparing pulse rates. 
Aside from his natural bent for mechan- 
ics, however, Galileo was strongly at- 
tracted to this subject because, in part 
at least, he thought of it as a cosmological 
science, the Knk between earthly and 
celestial phenomena. If he could find the 
laws of motion on Earth, he could apply 


them to the motions of the planets and 
the slais. It was thus his ambition to 
show that if one adopted the Gopeinicaii 
system, the planets followed their 
Icins in the heavens by legulai and sim- 
ple la\vs, and not, as in the older thcoiy, 
because each was guided by a "special 
intelligence.” 

In seeking a universal science of me- 
chanics that would apply equally to the 
heavens and the Earth, Galileo was, of 
course, flying directly in the face of the 
contemporary point of view. The Aris- 
totelian conception made a sharp dis- 
tinction between motion on the Earth 
and Moon and motion in the translunar, 
"celestial” universe. In the sublunar 
world, "natural motion” occuired in a 
straight line. An apple fell downward 
from the tiee because it was “heavy” and 
its natural place was "down”; to make it 
go in any other direction contrary to its 
natme requhed a "violent motion.” In 
the translunai* world, by contiast, the 
natural motion was circular, as befitted 
the perfect material out of which the 
celestial bodies were made. 

By showing the similarity between 
the Earth, Moon and planets, which in- 
dicated that they must obey the same 
laws, Galileo brought terrestrial and 
celestial phenomena within one universal 
physics. The revolution in physical think- 
ing effected by Galileo may be thought 
of as concenti'ating men’s attention on 
change and on motion. He proved that 
even the Sun, that most "perfect” of all 
heavenly bodies, was subject to change, 
for when viewed by Galileo’s telescope 
it showed changing spots! Anyhow, as 
Galileo put the matter, it was no "great 
honor” for bodies to be immutable and 
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MOONS OF JUPITER were drawn by Galileo’s own hand on a letter ad- 
dressed to him. The drawings show positions of the moons at different times. 



THE PLEIADES were delineated in a. 1610 edition of Siderius Nuncius, 
Galileo’s telescope had made visible the smaller stars of the famed cluster. 


uiuiltcnible, nor was tlie Eaith “con apt"' 
because it changed, 

“It is my opinion/’ he asseited, “that 
the earth is veiy noble, and admirable, 
by reason of: so many and so diffeient 
alteiations, mutations, generations, etc., 
which are incessantly made theiem, and 
il without being subject to any altera- 
tion, it had been all one vast heap of 
sand, or a masse ol jasper, oi that ... it 
had continued an immense globe of 
chnstal, wherein nothing bad ever 
grown, alteicd, or changed, I should 
have esteemed it a lump of no benefit to 
the world, lull of idleneses, and in a word 
supeifluous. . . What gi cater folly can 
there be imagined, than to call jems, 
silvei and gold pietious; and earth and 
dirt vile? Foi do not these persons con- 
sider, that il there should be as great a 
scarcity of earth, as iheie is of jewels 
and pretious metals, ihcie would be no 
pimce, but would gladly give a heap of 
diamonds and inbies, and many wedges 
of gold, to pin chase onely so much earth 
as should suffice to plant a Gessemine in 
a htlle pot, or to set thcicin a China 
Orange | langerine], that he might see it 
spiout, grow up, and bring forth so 
goodly leaves, so odorilerous floweis, 
and so delicate liuil? Il is theieloic 
scarcity and plenty that makes things 
esteemed and contemned by the viil- 
gai. . . 

W E SHALL considei here only three 
aspects ol Galileo’s mechanics; the 
law ol 1 ailing bodies, the principle ol 
meitia, and the lesolution and composi- 
tion of independent motions. The law ol 
falling bodies is the most celebrated of 
Galileo’s discovciies. Modern scholarship 
has shown that Galileo’s work on falling 
bodies was original not so much in his 
own statement oi the law as in the par- 
ticular use he made of it. Aristotle had 
said that the speed of a given falling 
body depended on the resistance of the 
medium in which it icll, e.g., a stone 
obviously will bill fastci in aii than in 
water. He had also said that if two bodies 
were to fall in a resistant medium like 
air, their speed would depend on their 
weight. Even before Galileo, many 
writeis had expressed theii doubts con- 
cerning this dictum. In the sixth centiuy, 
John Philoponos had demonstiated by an 
experiment that the contiary was true. 
Galileo approached the pioblem by 
using the principles of deductive reason- 
ing and madicmatics rather than by di- 
rect experiment. 

He considered two possibilities in the 
case of a uniformly accelerated motion 
starting froiyi rest: 1) that the speed was 
proportional to the distance fallen, 2) 
that it was proportional to the elapsed 
time. The first led to an apparent con- 
tradiction, so he accepted the second, 
the now familiar law that the velocity 
equals the acceleration times the time— 
v=At. Then, making use of the well- 



known prooi tlint a uniloimly acceler- 
ated body moves thioiigh a distance s in 
any time t equal to the distance it would 
have fallen in the same time t with the 
aveiage velocity, he deiived the equiva- 
lent of the law. s^laAt-. 

As a check, Galileo pioposed an expei- 
iment on an mclmed plane. This test 
was a means of “diluting giavity,"’ so that 
one could study the lelatively slow roll- 
ing motion by timing it with a watei 
clock. The test depended on Galileo’s 
important theoiem of the composition of 
motions. A body moving down an in- 
clined plane, m the Galilean scheme, has 
two components, a horizontal or loiwaid 
motion, and a vertical or i ailing motion. 
Each IS independent of the other By 
making a loiigh check with an mclmed 
plane, he demonstrated that the law 
s = l 2 At- seemed to hold along the in- 
clined plane. From this he inteiied that 
It also held for freely falling bodies. 

Heie we have a typical example of 
Galileo’s method in physics: Imagine the 
conditions of a given situation, make a 
mathematical formulation and derive the 
leasonable consequences, then make a 
lough check, if it seems necessary, to be 
sure that the lesult is coirect. His experi- 
mental test involved a brass ball i oiling 
ill a gioove. He measured the lime for 
diflerent distances, at varying angles of 
inclination of the grooved board. In 
“expciiments near an hundred limes re- 
pealed,” Galileo found that the times 
agreed with the law, with no diffeiences 
“worth mentioning.” His conclusion lhat 
the diflerences were not “woith men- 
tioning” only shows how firmly he had 
made up his mind beforehand, lor the 
lOugh conditions of the expeiiment 
would never have yielded an exact law. 
Actually the disci epancies were so great 
that a contemporary worker, Fere Mer- 
semie, could not reproduce the results 
described by Galileo, and even doubted 
that he had ever made the experiment. 

Once Galileo had satisfied himself that 
he knew the law of falling bodies, he 
wished to apply it. He knew full well 
that the law would work precisely only 
in an ideal situation— one in which there 
was no resisting medium— but he never- 
theless decided to apply it to falling 
bodies in air, since he observed that the 
effect of the air resistance was small for 
a heavy body such as a cannon ball. 

Keeping in mind that motion in air 
departs slightly fiom the ideal case, 
Galileo next applied his principles to the 
problem of determining the trajectory of 
a projectile. Accoiding to the Galilean 
analysis, a projectile has two independ- 
ent components of motion, horizontal 
and vertical, like the ball on the inclined 
plane. If fired horizontally from a gun, 
it moves forward the same distance in 
every second if we disregard the small 
facitor of air resistance. As it emerges 
from the barrel it also begins to fall to- 
ward the earth. During the first second 


it will fall 16 feet, duiing the second 
second, 48 feet; during the third, 80 feet, 
and so on. Hence the path of the shell 
will be a paicibola. Heie was a brand 
new discoveiy that was of the utmost 
piactical importance m the new science 
of artillery-ianging. 

Implicit in Galileo’s analysis was an- 
other brand new idea, the pimciple of 
inertia. While he did not state it ex- 
plicitly, in his assumptions about the 
movement of the piojeclile he made use 



PHASES OF VENUS, which Galileo 
was the first to oh serve, were one of 
the several arguments lie used in his 
opposition to the Ptolemaic system. 

of the theorem that a body will continue 
m uniform motion in a straight line un- 
less acted on by an outside force. Galileo 
introduced the revolutionary concept, 
contrary to all older physics, that uni- 
form motion in a straight line is physical- 
ly equivalent to a state of rest, thereby 
transfoiming the science of mechanics 
from a static to a kinematic basis. 

These new principles gave the first 
complete explanation of tlie mechames 
of tlie Copernican universe. Now one 
could explain why a stone dropped from 
a tower would fall at the base of tlie 
tower even tliough the Earth had moved 
while the ball fell. One could also under- 
stand for the first time why a stone 


droi^pecl from the masthead of a moving 
ship would fall at the foot of the mast 
in spite of the movement of the ship. 
Galileo pointed out that the stone par- 
takes of the ship’s f 01 ward motion be- 
foie it IS dropped, and this foiwaid 
motion continues unchanged while the 
stone falls because the forward and the 
downwaid motions are independent. 
Consequently an ohseiver on such a boat 
could not tell fiom this experiment 
whethei the boat was at lest or m uni- 
foim motion. In othei words, an obseivei 
cannot distinguish between a state of 
rest and of imifoim motion save with 
regaid to an observable external system 
of lefeience This is the principle of 
Galilean relativity. He observed: “In le- 
spect to the Eaith, to the Tower, and to 
our selves, which all as one piece move 
with the dimnal motion together with 
the stone, the diurnal motion is as if it 
had never been.” 

A t this point the leader may ask: 

- What about the story of the famous 
experiment in which Galileo diopped 
two balls of unequal size and weight 
from the Leaning Towei of Pisa? At 
some time and place, he did drop two 
unetpial weightvS and found that they did 
not lut the ground with the great diffei- 
ciice that Aristotle had piedicted. But it 
appears fiom modern scholaiship that he 
novel did so, at least publicly, horn the 
Pisan tower. 

Galileo worked out Ins physics by 
thought, by correct reasoning and math- 
ematics, not by induction from experi- 
ments. During his days at Pisa, before he 
went to Padua, he wrote: “But, as ever, 
we employ reason more than examples 
(for we seek the causes of effects, and 
they are not revealed by experiment) 
Galileo liked to use what we may call 
“tliought experiments,” imagining the 
coiisequences rather than observing 
them directly. Indeed, when he de- 
scribed the motion of a ball diopped 
from the mast of a moving ship, in his 
Dialogue on the Two Great Sijstems of 
the Worlds he then had the Aiistotelian, 
Simplicio, ask whether he had made an 
experiment, to which Galileo replied: 
“No, and I do not need it, as without any 
experience I can affirm that it is so, be- 
cause it cannot be othei wise.” 

To confute the supposed results of 
Aristotelian logic Galileo made a frontal 
attack on Aristotelians. For example, he 
pointed out that “it may be possible, that 
an artist may be excellent in making 
organs, but unlearned m playing on 
them, thus he might be a great logician, 
but unexpert in making use of logick; 
like as we have many that theorically 
understand the whole art of poetry, and 
yet are unfortunate in composing but 
mere four verses; others enjoy all the 
precepts of Cinci, and yet know not how 
to paint a stoole. The playing on the 
organs is not taught by them who know 



Ilow to make oigaiis, but by Iiiin tlial 
knows how to play on them, pocliy is 
leaiiit by continual leading of poets: 
limning is leuint by continual painting 
and designing, demonstiation tiom the 
leading of books full of demonstrations, 
which aie the mathematical onely, and 
not the logical ” 

As foi Aristotle’s appeal to the experi- 
ence ol the senses, Galileo asks “And 
doth he not likewise affirm, that we 
ought to prefer that which sense demon- 
stiates, hefoie all aiguments, though in 
appearance nevei so well giounded? and 
saith he not this without the least doubt 
nr hesitation?” To which Simplicio, the 
Aristotelian, leplies, “He doth so.” Then, 
says Galileo, . . you shall argue inoie 
Aristotelically, saying, the heavens aie 
alterable, foi that so my sense telleth me, 
than if you should say, the heavens aic 
unalterable, for that logick so per s waded 
Aristotle. Fuitherinoie, wc may dis- 
couise of coelestial matters much better 
than Aiistotle, because, lie confessing 
the kiiowledg thereof to he difficult to 
liim, by leason of their remoteness from 
the senses, he theieby acknowledgeth, 
that one to whom the senses can bettci 
icprcsent the same, may philosophate 
upon them with more certainly. Now we 
by help of the telescope, arc brought 
thirty or forty times nearer to the heav- 
ens, than ever Aiistollo came; so that 
we may discover in them an bundled 
things, wliich he could not see, and 
amongst the rest, these spots in the Sun, 
which were to him absolutely invisible; 
therefoie we may discourse of the heav- 
ens and Sun, with more certainty than 
Aristotle/’ 

Galileo’s writings abound with refer- 
ences to the facts of expeiience, of direct 
obseivation. In this sense, Galileo built 
his science on a somewhat empirical 
basis. But he was in no sense such an 
empiiicist as the 19th-century writers 
attempted to make him out. He was not 
a careful expeiimenter, though he was a 
keen observei, and it is only the fallacy 
of writing history backwards that has 
made us visualize him as the patient in- 
vestigator who only reluctantly drew 
conclusions after long test. The latter 
picture describes a much later kind of 
scientific man, of whom the prototype 
may well have been Robert Boyle. 

Galileo s greatest general contribution 
was the idea that mathematics was the 
language of motion, and that change was 
to be described mathematically, in a way 
that would express both its complete 
generality and necessity, as well as its 
universality and applicability to the real 
world of experience. While Galileo ridi- 
culed the numerology aspect of Plato- 
nism, he declared m the opening pages 
of the Dialogue: “I know perfectly well 
that the Pythagoreans had the highest 
esteem for die science of number and 
that Plato himself admired the human 
intellect and believed that it participates 


in divinity solely because il is able to 
undei stand the natuic of numlieis. And 
1 myself am well inclined to make the 
same judgment.” That nature heisclf 
"loves the mtegeis” was shown in Gali- 
leo s discovery that a falling body moves 
so that its speeds after successive seconds 
are m the ratio of whole numbeis 1, 2, 
3. . , . The distances fallen in successive 
seconds aie in the ratio of the odd num- 
bers 1, 3, 5. . . . The most impoitant m- 
flucnee on Galileo’s thinking undoubt- 
edly was Aichimedes, but whereas the 
lattei had constructed a gcometiy oi icsl, 
Galileo built a geometry oJ motion 

T he net result ol Galileo’s lifewoik 
was to adduce new evidence 1 oi the 
Coper nican theory of the solar system, 
and to provide the mechanical rationale 
of its opeiation. One evidence of the 
success of this activity was the hostility 
his work aroused. In the evening ol his 
life he was brought into conflict with the 
Roman Inquisition. Galileo took the 
point of view, as expressed in his famous 
lettei to lire Giand Duchess Cristina, 
that the Holy Scriptuies did not liavc the 
teaching of science as their ultimate aim. 
Pie aigiied that the language of the 
Bible was not to be taken literally. Thus 
when the Sun was described as moving 
around the Earth, this did not imply the 
tiutli of the geocentric system, but was 
niciely an expression in everyday lan- 
guage. (In the same way wc still speak 
of the Sun rising and setting.) From ibis 
point of view, Galileo held that one could 
accept the Gopermcao system while re- 
maining a good Catholic and without in 
any way impugning the Scriptures. 

Placl Galileo remained at Padua under 
the rule of Venice, which held herself 
independent of papal jurisdiction, he 
would never have had to face the Inqui- 
sition. But with the fame attendant on 
his initial discoveries with the telescope, 
he chose to move to Florence. There is a 
vast and icadily available liteiature on 
Galileo’s trial and condemnation, which 
will not be discussed in this article con- 
fined to his scientific woi^k It is hue that 
Galileo was never put to torture during 
his stay in the prison of the Inquisition. 
But the knowledge that others had been 
tortured there, and that not too long be- 
fore Giordano Bruno liad been burned 
alive, surely had their effects upon him. 
He was a man of 69 m j^oor health. Three 
physicians attempting to avert the trial 
had testified in 1633: “All these symp- 
toms are worthy of notice, as under the 
least aggravation they might become 
dangerous to his life/’ The poor man, 
formerly eager for combat with those 
who would deny the new truths, was 
now crushed by the action of the Holy 
Office of the Church to which he had 
ever been faithful. Upon repeated ex- 
amination, he “confessed”: 

“I, Galileo Galilei, son of the late Vin- 
cenzio Galilei of Florence, aged seventy 


yeais, being bioughl jieisonally to ]udg- 
menu and kneeling belore you, Most 
Eminent and Most Reverend Loids 
Caidmals, General Inquisitors ol the 
Universal Christian Commonwealth 
against hcielical depravity, having be- 
fore my eyes the Ploly Gospels which I 
touch with my own hands, swear that I 
have always believed, and, with the help 
of God, will m futme believe, every 
aiticle which the Holy Catholic and 
Apostolic Church of Rome holds, teach- 
es, and preaches. But because I have 
been enjoined, by this Holy Office, alto- 
gethei lo abandon the lalse opinion 
winch maintains that the Sun is the cen- 
tie and immovable, and foibidden to 
hold, defend, or teach, the said false 
doctrine in any manner ... I am willing 
lo remove horn the minds of your Emi- 
nences, and of eveiy Catholic Christian, 
tins vehement suspicion lightly entei- 
tained towards me, iheiefoie, with a sin- 
ceie heal I and unfeigned faith, I abjure, 
curse, and detest the said errors and 
heresies, and generally every other error 
and sect contrary to the said Holy 
Clnirclr; and I swear that I will never 
more in future say, or assert anything, 
verbally oi m writing, winch may give 
rise to a similar suspicion of me; but that 
i( T sliall know any heretic, or any one 
suspected of bciGSy, T will denounce him 
to this Iloly Office, or to tlic Inquisitor 
and Oldinary ol the place in which I may 
be. I swear, moreover, and promise that 
I will fulfil and observe hilly all the 
penances which have been or shall be 
laid on me by this Holy Office. But if it 
shall liappen that I violate any of my 
said promises, oatlis, and protestations 
(which God aveitl), I subject myself to 
all the pains and punishments which 
have been decreed and promulgated by 
the sacred canons and other general and 
particular constitutions against delin- 
quents of tins description. So, may God 
help me, and His Holy Gospels, which I 
touch with my own hands, I, the above 
named Galileo Galilei, have abjured, 
sworn, promised, and bound myself as 
above; and, in witness thereof, with my 
own hand have subscribed this present 
writing of my abjuration, which I have 
recited woid for word.” 

One can only wonder at the indomita- 
ble spirit that enabled Galileo— shamed, 
confined, ill, his major work placed on 
the Index of Prohibited Books— lo com- 
plete his last major work, The New Sci- 
e?ices, the publication of which had to be 
arranged sniTCptitiously. And today we 
may also wonder whether the fight for 
freedom of belief has yet been truly won. 
For we can repeat Galileo’s tragic dec- 
laration: “Philosophy wants to be free!” 


I Bernard Cohens, assistant professor 
of the history of science and of general 
education at Harvard University^ is 
managing editor of the journal Isis. 
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THE DIALOGUES were Galileo’s exposition of “the 1632. Shown here is the frontispiece of a presentation 

two great systems of the world.” In it his three char- copy dedicated by the author. The word “LINCEO” 

acters debated for four days. The book resulted in his which follows Galileo’s name stands for the Society of 

trial and imprisonment. Its first edition was printed in Lynxes, a group of people interested in science. 
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RADIOACTIVITY AND TIME 


The regular decay of radioactive isotopes provides 
evidence of the age of Egyptian tombs, Pleistocene 
sediments, pre- Cambrian rocks and the earth itself 


by P. M. Hurley 


ABOUT 15 years ago Eiic Temple 
Bell, professoi of mathematics at 
the California Institute of Tech- 
nology, wrote a science-fiction tale called 
'‘Before the Dawn/' A piquant item m 
this fantasy was an electronic televisor 
that projected events not in space but in 
time. When focused on ancient locks, it 
could reconstruct on a large screen a mo- 
tion picture of the story that the rocks 
had to tell The machine re-enactod with 
photographic accuracy geological up- 
heavals that had occurred on the site 
eons ago, and battles between animals 
now long extinct. 

If modem geology cannot match the 
realism of Bells automatic rock-reader, 
it can reconstruct the history of the eaiih 
with some accuracy and detail, at least 
for the last 15 per cent of the eaith's age, 
the period covered by the fossil record. 
And it now has a technique which seems 
even moie unreal than Bell's machine—a 
natm-al clock that gives us the time of 
events m the dim geologic past. In other 
words, for the first time we can read in 
the rocks not only the sequence of hap- 
penings but their dates. 

The discovery that made this possible 
was radioactivity* The slow decay of 
naturally radioactive elements m the 
earth’s crust has ticked off the seconds 
since the earth was born with unalterable 
precision. The rates of disintegration of 
these elements are so unaffected by the 
temperatures and pressures of our planet 
that they may be considered fixed con- 
stants. Thus by measuring tlie amount 
of the elements' decay we can determine 
the age of the structure of which they 
are a part. 

Effectively, the clocks began to tick 
when some molten part of the earth so- 
lidified into crystalline rock. When a sin- 
gle mineral crystal is formed, it contains 
certain predominating elements and a 
number of minor ones trapped in its 
structure as impurities. The radioactive 
element that serves us as a clock may be 
either a major or a minor constituent of 
this crystal Let us say it is uranium. The 
element breaks down at a known rate, 
producing certain isotopes of lead as 
stable end-products* After a few tens of 
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millions ot years there is enough such 
lead in a sample of the rock to be meas- 
ured chemically. By measuring the end 
product and the amount of ladioactivc 
uranium still left, one can determine the 
age of that particular rock. This in turn 
dates an event associated with the rock 
in the earth's history. 

The method can be made clearer by 
considering a study of an actual mineral 
sample. The sample was a piece ol sa- 
maiskite, a velvety black, crystalline 
mineral taken fiom the Spinelli Quarry 
in Glastonbury, Conn. This mineral con- 
tains uranium and thorium, both of 
which were utilized as clocks. In every 
100 grams of the sample there were 
about seven grams of iiianmm, thiec 
grams of thorium and slightly more than 
three tenths of a gram of lead. 

How much of this lead was the prod- 
uct of the breakdown of uranium and 
thorium, and how much of it was orig- 
inally present in the samarskite when it 
crystallized? To find out, Alfred O. Nicr 
of the University of Minnesota separated 
the tiny quantity of lead into its isotopes 
and measured them by means of a mass 
spectrometer. He measured the amounts 
of each of the four isotopes present, lead 
204, 206, 207 and 208. Lead 206 is 
known to be a breakdown product or 
daughter, of uranium 238; lead 207 is a 
daughter of uranium 235, and lead 208 
is a daughter of thorium 232. But lead 
204, fortunately, is not a daughtei; it is 
a stable material, the amount of which 
has not been significantly increased by 
the bieakdown of any possible progeni- 
tor in the past two or three billion years. 
Thus It serves as a measure of the amount 
of lead originally piesent in the sample. 

In common lead the isotopes 204, 206, 
207 and 208 appear in certain almost 
constant pioportions. Assuming that the 
isotopes were present in these propoi- 
tions in the samarskite before the break- 
down products were added, the addi- 
tions can be computed by measuring the 
change in the relative abundance of each 
isotope as compared with 204. The 
samarskite sample had .0004 of a gram 
of 204 in every 100 grams of the mineral 
By comparing the amounts of the other 


isotopes m this sample with the amounts 
oi the same isotopes associated with 
every .0004 of a gram of lead 204 in 
common lead, the amounts of added or 
radiogenic lead were determined. 

Consider first thorium and its daugh- 
ter, lead 208. In the samarskite sample 
there was .0518 of a gram ol 208 for 
each .0004 oi a giam oi 204. In common 
lead the proportion is .0142 of a gram ol 
208 to .0004 of a gram of 204. Thus the 
difference, .0376 of a gram, was the 
amount oi lead 208 produced by the dis- 
integration of the original thorium. There 
were thiee giams ol thorium left in the 
sample, from this the original amount ol 
thorium could lie computed. The half- 
life of thoiium, i.e., the time it would 
take for half of its atoms to disintegrate, 
is known to be 13.9 billion years. On the 
basis of these figures, the thorium clock 
.showed that this rock was 266 million 
years old 

N O SINGLE clock is entirely trust- 
worthy, however, in this type ot 
investigation. There is no assurance that 
we have an accurate estimate ot the 
amount of the parent isotope originally 
present, or that some of the parent or 
daughter atoms have not escaped from 
the rock, For example, the crystals have 
been under coirstant bombardment for 
millions of ycais by alpha particles emit- 
ted by the radioactive elements. This 
barrage shatters some of the crystals, and 
some atoms may well leak out of the 
rock, particularly in the water-saturated 
zone near the earth's surface. In that case 
the amount of disintegration of the par- 
ent element cannot be determined accu- 
rately. 

In the particular case of the samar- 
skite sample, fortunately, there were no 
fewer than three other clocks available 
for checking. One was uranium 238, 
which has a half-life of 4.5 billion years 
and decays to lead 206 as its end prod- 
uct. The amount of its daughter lead was 
computed to be .236 of a gram per 100 
grams, and so this clock gave 255 mil- 
lion years as the age of the rock. The 
second clock was uranium 235, which 
has a half-life of 707 million years and 



yields lead 207. It gave 254 million ycais 
as the age ol the lock. The third clock 
was based on the piopoition ol lead 207 
to lead 206; because the half-lives of 
their parents, U-235 and U-238, diffci, 
this ratio varies with time in a calculable 
manner. This clock timed the age ol the 
lock as 256 million years. Thus the three 
uranium clocks showed lemarkable 
agreement. The thorium measuiement, 
appaiently less accuiate, was discaided, 
and the age of the sample was consid- 
ered to be accuiately fixed at about 255 
million years. 

Such close agreement is, of course, the 
exception lathcr than the lulc. More- 


ovei, it IS not often tliat moie than one 
clock is at hand to check the results. Be- 
cause minerals with enough manium or 
thorium in them to be usable lor lead 
ratios are lelatively lare, age determina- 
tions by this method frequently cannot 
be made wheie needed most. What 
geologists have sought is a measure that 
can be used on the small amount of 
radioactivity piesent m common rocks. 
Viitually all rocks have at least a little 
radioactivity; granites, for example, 
average about a tenth of an ounce of 
uianium pei ton 

There was great hope for a time that 
lielium would provide this sensitive 


measure. Helium, whose atomic nuclei 
aie alpha particles, is one of the products 
of the breakdown of uranium and tho- 
rium; e.g., each atom of U-238, in decay- 
ing to stable lead, yields eight atoms of 
helium. Measurements of helium in rock 
samples at first seemed to give rock ages 
that agreed with those determined by 
lead measmements, but it was found 
later that this agieement was accidental 
and due to a compensating error. 

Theie is ahnost always less helium in 
locks that have ciystallized out of a 
molten state than one would expect. In 
such 1 ocks radioactive elements are con- 
centi*ated in little pockets. Helium in the 



AGES OF ROCKS in North America have been outlined 
by measurements based on radioactivity. Black and 
white strips indicate the roots of mountain belts, some 
of which are munbered in their order of development. 


Dotted lines denote possible mountain belts. Type of 
radioactive measurement is given by the ratio of one 
clement to another, e.g., a lead-uranium ratio is indi- 
cated as Pb/U. Rock ages are given in millions of years. 
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toim of alpha pai tides is fiiecl aLom hy 
atom into the eiyslal stinctiu-es ol the 
rock as bullets might be hied into a log. 

It is believed that the crystal structuies 
eventually break down and allow some 
helium to escape from the lock. Rocks 
that have not crystallized out of a molten 
state do not beai their uianium and tho- 
rium in these highly concentrated pock- 
ets, so they aie being investigated foi 
their usefulness in the measurement of 
time by helium ratios. One mineial, 
magnetite, has been tested extensively, 
and the results derived fiom it are in 
general agieement with those derived 
from lead latios. 

The element rubidium is another use- 
ful clock. The ladioactive isotope rubid- 
ium 87, with a half-life of about 58 
billion years, decays to a stable isotope 
of strontium. Thus the age of minerals 
containing lubidium can be found by de- 
termining the latio of to Rb^'^. Cer- 
tain micas are rich in rubidium. In 
lithium mica it has been found tbat more 
than 98 per cent of the strontium present 
is the pioducl of the decay of lubidium 
Measuiements of a number of minerals 
containing lubidium have yielded ages 
that agree leusonably well with those 
based on uranium and lead. 

These various clocks have no^v given 
us an approximately accurate time vScalc 
for the geological periods since the be- 
ginning of the Cambrian Period ol some 
500 million years ago {see chart on page 
5i ) . In the map on page 49 are the cal- 
culated ages of some older rocks in North 
America. J. Tuzo Wilson of the Univer- 
sity of Toronto has recently plotted belts 
of exposed pre-Cambiian rocks in the 
ancient formation known as the Cana- 
dian shield. From observations at places 
where these belts ciossed one another, 
he determined their lelative ages. The 
radioactive clocks agreed m general with 
Wilson s evidence. For instance, locks in 
the belt that he judged to be the oldest 
showed the greatest age, two billion 
years, in the radioactivity measuie- 
ments, 

B ut what about dating events in 
the Pleistocene— the brief last mil- 
lion yeais in which man has lived on the 
earth^ The slow-paced clocks that we 
have been considering have no minute- 
hands,- they are not lefined enough to 
measure intervals as shoit as a fraction 
of a million years, the peiiod in which 
anthropologists and glacial geologists are 
particularly interested. The events of this 
period have hitherto been dated by the 
ebb and flow of glaciers, by ti’ce "rings 
and by sedimentary layeis— all of which 
have been unsatisfactorily restricted as 
clocks. 

To measure lengths of time of a few 
thousand or hundi-ed thousand years, we 
must use isotopes with half-lives of the 
same order of magnitude, instead of the 
millions or billions of years of uranium 


and thoiiuin It so happens tliut thcie aie 
seven dl convenient ones. 

One useful clock is found m tlic sedi- 
ments laid down on ocean floors In their 
microoiganic lemains the sediments con- 
tain an unbroken lecoid of changes m 
climatic conditions and surface-water 
temperatures ovei the whole Pleistocene 
Peiiod, And mixed with the sediments, 
deposited in them out of sea watei, is the 
ladioactive isotope thorium 230, with a 
half-liie of about 83,000 years. Thorium 
230 is one of the in tei mediate pioducts 
111 the decay of uianium to lead. It has 
been loiind that the ratio of thorium 230 
to uianium decreases ui a regulai man- 
ner with increasing depth ol the sedi- 
ments. If the amounts ol thorium 230 
and uranium are measuied m closely 
spaced samples taken fiom the top ol 
the sediments down, the late of deposi- 
tion of the tlioiium at any level, and the 
age of that level, can be calculated. 

It IS now possible to obtain samples ol 
these sediments from any desired depth 
and location liy means of a ship-boine 
iig that cuts a long core out of the ocean 
bottom. Coies 20 to 30 feet m length, 
repicsonling the entire Pleistocene oi 
even longer, have been biought up and 
studied. One interesting and important 
investigation in the Antarctic region lias 
shown that glacial conditions have ex- 
isted llicie lor 1.1 million ycais, and that 
ice ages in the Soutliern liemispherc ap- 
parently were contemporaneous with 
those m the Northoin liemispherc. 

This clock will he particularly helpful 
to anthropologists, who aie interested in 
the dates of glaciation and climatic 
change. The ethnologist, unearthing an 
early culture of man, needs a shorter 
time measurement. A clock suited to his 
needs may he forthcoming as a result of 
a most happy recent discovery by E, C. 
Andeison, W. F, Libby and others at the 
University ol Chicago. This clock is the 
radioactive isotope carbon 14. Anderson 
and his co-workeis found that carbon 14 
is being created continuously in the at- 
mosphere hy cosmic radiation. Neutrons 
produced by cosmic rays convert part of 
the nitTOgen 14 in the air into carbon 14. 
The amount of carbon 14 is not continu- 
ously inci easing, but has reached a bal- 
ance point where as much breaks down 
by radioactive decay as is formed. Thus 
the small amount of carbon 14 in the air 
remains constant, and it was probably 
the same hundreds of thousands of yeais 
ago as it is now. But any carbon 14 that 
is taken out of the air by some stable 
material on the earth {e,g., a tree or ani- 
mal) decays without replenishment if it 
is buried. It is possible, therefoie, to dale 
wood, sea shells or other materials con- 
taining carbon that are found with arti- 
facts in a buried camp site or cave simply 
by measuring the proportion of the car- 
bon 14 that is left in the buried remains. 
Since the half-hfe of carbon 14 is only 
5,700 years, this clock will be reasonably 


accuiate only up to aliout 25,000 yeais. 
Recently the Chicago investigatoi s made 
an mteiesting test to check then method. 
They obtained two samples of wood 
fiom Egyptian tombs* one from the 
tomb ol Sneferu at Meydum, the othei 
fiom the tomb of Zoser at Sakkaia, Ar- 
chaeological evidence indicated that 
both samples were about 4,600 yeais old. 
The caibon 14 measuiement gave an age 
that agieed with this within the statisti- 
cal counting eiror— a remaikable demon- 
stration and a well-executed piece of 
scientific work. 

Still another possilile clock is the iso- 
tope potassium 40. This isotope may de- 
cay to calcium 40 or to aigon 40 {see 
page J6). Too little IS known about its 
hall-hfe, howevei, to make this clock 
usable at the present time. 

U LTIMATELY the most mteiesting 
(juestion to be answered by our 
radioactive clock is: How old is the earth 
Itself? Oldei estimates have vaiied from 
the 17th-centiuy calculation of the Iiish 
Archbishop James Usshei that the eaith 
was formed at nine o’clock on the morn- 
ing of Octobei 12, 4004 B.C., to the al- 
most c((Lially specific figuie of 1,972,- 
949,048 yeais ariivccl at by the ancient 
llinclus. The Hindus, oddly, weie in the 
ngliL order of magnitude. 

The oldest rocks that have been reli- 
ably dated are about two billion yeais 
old. But obviously there is little hope of 
arriving at an accurate figure for the age 
of the earth by direct measurement ol 
the age of any mineral, for it can nevei 
be asceitained tioin such evidence alone 
how close to the beginning of the eaith’s 
time that particular mineral was formed 
As more minerals have been measuied, 
older and older ones have been found, 
and it is known that there are rocks moie 
ancient than tliose dated two billion 
yeais ago. 

A more diiect and at present the most 
icliablc method of ainving at the age of 
the earth is the study of the ratio be- 
tween lead 206 and 207, daughters of 
uranium 238 and 235, lespectively, in 
lead ores occurring in vaiious parts of 
the earth. As we have noted, because of 
the difference in their half-lives the ratio 
of U-235 to U-238 has changed dm mg 
the earth’s history. Theie was moie 
U-'235 m a gram of uianium in the past 
than there is today, and the ratio can be 
calculated for all times in the past. In 
the discussion of the thorium and ura- 
nium clocks, It was pointed out that the 
pioportion of the various isotopes in 
common lead was almost constant. But 
it is not quite; actually ‘‘common” lead is 
made up of a “primeval” lead, inherited 
by the earth at its beginning, and very 
small additions of daughter lead from 
the thinly distributed uranium and tho- 
rium that exists through the eaiih’s crust. 
These small additions vaiy with the age 
of the common lead. Using these facts 



and comparing the piopoitions ot lead 
206 and 207 with lead 204 m a number 
oi samples ol lead ore of vaiious ages 
and locations, the British geologist Ar- 
thui Holmes has computed the probable 
age of the earth at 3 35 billion years. 
This value appeals to be the most relia- 
ble yet obtained. As the half-lives of U- 
238 and U-235 are detei mined more 
piecisely, and as moie isotopic analyses 
of lead are made, the figure may be 
modified, but it will probably not change 
veiy much. 

I F THIS be taken as the age of the 
earth, how much older is the uni- 
verse? Twenty years ago astronomers, 
led by the British cosmologist James 
Jeans, were in favor of the ^Tong” time 
scale, leckoning the age of the univeise 
as some thousands of billions of yeais. 
The discovery ot the ‘Ted shift” in the 
light from distant galaxies, which led to 
tlie expanding universe theoiy, and woik 
on the dissolution ol galactic clusteis, 
recently summaiized by Bart Bok ot 
Htuvard University, have tended to 
shoiten the time scale m the minds of 
most aslronomeis In general it seems 
that the astronomers now are moie con- 
scious of the youthlulness ol the universe 
than of its antiquity Their estimates to- 
day arc of the order of two to ihiee 
billion years. 

Geologists and radiochemists believe 
that through the study of the present 
abundances ol unstable isotopes and esti- 
mates ol their prol^uble abundances in 
primordial times, they may be able to 
determine a limit for the age of the imi- 
veise. If all the universe was created 
suddenly at a certain point in time, pre- 
sumably all of the nuclear species now 
known, both natural and artificial, and 
many more besides, would have been 
formed m the process. This time of crea- 
tion of atoms, if indeed such an event 
occurred at a single time, has been called 
“nucleogenesis.” The present evidence 
seems to place niicleogenesis only a short 
time before the origin of the earth, three 
billion years ago. 

The fact that we now have well-de- 
fined limits to the age of the earth, and 
even some suggestion of the age of the 
universe itself, brings us face to face 
with the hardly avoidable consideration 
that the material universe was born m a 
violent event at a time in the not too dis- 
tant past. Thus our radioactive clocks, 
by introducing calculable time, however 
great, into the history of the earth and 
the universe, give a reality to events 
which was not present when they were 
considered to have happened vague 
“eons ago.” 



P. M. Hurley is assist- 
ant professor of geolo- 
gy at the Massachusetts 
Institute of Technology^ 


HISTORY OF THE EARTH in comparatively recent geologic times has 
been classically worked out by the sequence of rock layers. This sequence is 
now supported by measuring the products of radioactive processes in the 
rocks. Three columns at the right give the results of such measurements. 






SEEING LIGHT 
AND COLOR 


One of our most familiar sensory experiences is perhaps 
the most difficult to define. The study of it requires 
the application of physics, physiology and psychology 

by Ralph M. Evans 


M ost of us feel quite sure that we 
know what is meant by the term 
color. We could all give some sort 
of definition of it, although we would 
not find it easy. We are likely to wind up 
with a pretty vague description of some- 
thing having to do with light and ob- 
jects. 

The reason for the dilBculty is not fur 
to seek. What we call color is a purely 
mental effect. It takes place only in oui 
minds, and we have no words to describe 
anything purely mental. It is the same 
with all of the other senses. A pain can- 
not be described except to say that it 
hurts, nor a sound except that it is loud 
or soft, high or low, complex or simple. 
To try to get deeper and describe what 
a sound is results in vagueness, again be- 
cause there aie no words. 

In the 500 most frequently used words 
in the English language, according to the 
Thorndike-Lorge word counts, there are 
only 15 related to vision in any way. Of 
these only five are concerned directly 
with color. These are the words "color,"’’ 
"light,"" "white,"" "green"" and "red."" 

Accordingly we are considering a sub- 
ject which is not easy to put into words 
and winch contains many philosophical 
problems too complex to attempt to pre- 
sent. Fortunately it is possible to illus- 
trate some of the examples. 

Statistics tell us that in this country 
less than half of one per cent of the men 
and practically no women are seriously 
color blind. A few people with anatomi- 
cal difficulties may never see any colors 
at all, but this is rare. Some eight to 10 
per cent of men, however, have com- 
paratively poor ability to distinguish 
colors, and among persons with good 
color perception not all see colors alike, 
even in the pure colors. 

Some of the apparent mysteries of 
color are fundamental to the way we see 
everything, not just color. Vision is per- 
haps the most wonderful fact in our 
Kves, Color cannot be understood with- 


out some basic knowledge ol its charac- 
teristics. 

Let us fiist considei form vision as 
dislincl from color vision. When we look 
at a natural scene we see ceitain objects 
spread out in a definite airangement m 
space. For each ot these objects an ap- 
proximate size, distance, shape and color 
can be given, If we analyze our thoughts 
carefully, we find that aiound each thing 
wc call an object, there is an abrupt 
change m the nature of the light that 
reaches our eyes. The closed or partially 
closed outline formed by this more or 
less abrupt change m light is considered 
as meaning that this is the edge of some 
actual thing in the scene. We recognize 
this outline and other visible character- 
istics and give the thing a name— say we 
recognize it as a "tiee."’ This recognition 
of the shape of objects is called form 
vision. In a sense it is a more important 
type of vision than seeing the color red 
or green, since complex seeing is hosed 
on form recognition. So it is woi th while 
to spend a little time on analyzing how 
you decide that this is a tree. 

Consider the tree drawing on the op- 
posite page. Here it is fairly obvious that 
the concept of tree develops entirely 
through the recognition of the outline: 
there is nothing else present in the pic- 
ture. A little thought will show, .how- 
ever, that an outline is not sufficient to 
make us see a ti'ee. We have to know 
what a tree is first. 

If we know what the object is, only a 
suggestion or two is necessary to make 
it possible for us to see it. In fact it is not 
necessary that even the outline as such 
be shown. The shadow alone, as in the 
drawing showing the shadows of block 
letters on the opposite page, is usually 
enough to evoke at least some concept 
of the whole figure. 

Seeing “form, therefore, is partly a 
matter of outline but also, to a great 
extent, a matter of imagination. The 
same is true, to a lesser extent, of seeing 


color. When we associate a color veiy 
strongly with a particular object, we 
tend to assume that the object has the 
same color ovei its whole aiea, even 
though it may not have, and this is the 
way wo see it, unless there is definite evi- 
dence that the color is not the same all 
over. This is partly because we don"t 
look caicfully and partly because we be- 
lieve it so stiongly. 

I N COLOR the nearest paiallel case to 
form vision consists in seeing an ob- 
ject color m spile of conflicting evidence 
Irom reflections, transmitted colois, or 
sometimes even of colored illumination. 

The light, our eyes and our mind are 
the three phases of color. Each of them 
enters into every ordinary situation in 
which color is seen. The three sciences to 
which these three phases relate are. 
physics, which deals with the nature of 
the light reaching the eye; physiology, 
which deals with the response of the eye 
and its transmission to the brain; and 
psychology, which deals with the mental 
image so produced. There is a fourth 
science known as psychophysics dealing 
with a combination of the three. This 
science concerns itself with laws that re- 
late the physical nature of the light to 
the repeatable and measurable effects 
produced. In practice the boundaries be- 
tween these phases are about as sharp 
as usual in related sciences. 

The problem is to explain how matter 
and energy, the "real things"" in the do- 
main of physics, produce diffeient effects 
on people. Because of differing past ex- 
periences, if two people do not look for 
the same thing they do not see the same 
thing. The science of physics, however, 
states flatly that the light striking die 
eyes of two people looking at the same 
scene from the same position is the same 
in quality. 

What is meant by "the same quality”? 
Suppose we consider one small beam of 
light striking the eye. Physics tells us 




FORM VISION is JDased on outline and experience. The block letters in the center of the page are not strictlf 
drawing at the top of this page is obviously a tree. Yet outlined. Shadows are sufficient to make them appar- 
to a person who had never seen a tree it would be mean- ent. The ink blot at bottom represents only an ink blot, 
ingless. Even outline is not essential to form vision. The but experience causes us to see many other things in it. 
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CUBE seen from one corner lliroiigli 
one eye will appear to many as a two- 
dimensional drawing with six sides. 



TILTED forward, the same trans- 
parent cube will represent to more 
people a three-dimensional object. 



ROTATED^ the two-dimensional out- 
line will appear three-dimensional 
to even larger mimber of people. 


that it tins light is passed tliioiigh a glass 
pi ism it is spread out into a coioi spec- 
tium. This may be taken to mean that 
the beam ot light is made np ot a mixture 
ot difleient kinds of light, which are 
sepai ated in the pi ism by being bent in 
slightly different directions. The eye sees 
these diffei dices as colors. Physicists 
identity them as diftei mg wavelengths of 
eneigy, and measiue them in terms of 
Angstiom units. The visible wavelengths 
range lioin about 4, ()()() Angstiom units, 
at the blue or violet end of the spectium, 
to aliont 7,{)()0, which is seen as led 
Tliese numbers describe the kind ot liglit 
independently ot how it looks to an ob- 
sciver, and we need them as a leterence 
point because of differences in seeing. A 
given wavelength, tor example, may be 
seen under certain conditions as green 
and under other conditions as yellow oi 
blue. 

For the physics ot color this is piac- 
tically the end of the story Light iiom 
diffei ent soiuces and objects differs in 
die amount ot each kind ot wavelength 
present, and this may all be described by 
a cuive indicating the amounts ot the 
vaiioiis coinponcnls. The only othci way 
m which two light beams may diffei as 
iar as the eye is conceined is in the diicc- 
lion Irom winch they auive. Diieclion, 
(■|uality and ([iiantity, iheicrorc, are the 
characLenslies of light heloic it has en- 
tered our eyes. The physiology ol vision 
licgins where physics ends—at the ]>oint 
where light enters the eye. 

T he eye, like a camera, has a lens at 
the Jiont which bends the rays aniv- 
ing at Its suifacG so that light tioin each 
point ot the object is focused at a point 
at the back of the eye. All the points 
taken together foim an image of the 
scene. It is often assumed that m effect 
the mind looks at this image in the back 
of the eye and thus secs the scene out 
front, but tins is a perfectly ridiculous 
notion. What actually liappcns is that the 
image affects some six or seven million 
nerve fiheis that are sensitive to light. 
Each fiber gives off an electric cm rent 
thiough a process which is perhaps pho- 
tochemical in natuie. The cm rents travel 
through a nerve cable to the brain and 
theie produce m a fantastically complex 
manner some soit of replica of the image. 
That this biam image has any direct le- 
lationship to what we think of as a photo- 
graphic image, however, is exceedingly 
unlikely, 

There is no simple way of describing 
the action of the eye in terms of its re- 
action to various kinds of light under 
various circumstances. A statement of 
the mere physical characteristics of a 
scene does not describe its appearance 
to the eye with any degree of accuracy. 
The image is influenced by what the eye 
has seen just previously, by the effects of 
parts of me image upon one another and 
by tire effect of the total image upon the 


appeal ance ot its paits. For example, a 
patch ot coloi with appi oximately the 
same spcctial disti ihution us noon sun- 
light IS seen as blue when it is sur- 
rounded by yellow. When the suiiound- 
ing aiea is purple, the cential patch 
appears yellowish giecn. Again, it it is 
siuioimded by gieen, the centei will be 
seen as pink. Tins effect is known as si- 
multaneous coloi coutiast The sur- 
rounding aieas also affect the brightness 
as well as the hue ot the central aiea. 
Such effects aic not lestricted to diiectlv 
neighboung aicas, they may occur over 
all paits ot the field of vision. 

The carry ovci Irom one image to an- 
other IS illiislraled by this experiment. It 
you staie lor 15 oi 20 seconds at any 
cleaily defined small aiea ol coloi and 
then suddenly shilt your gaze to a me- 
dium giay card, you see an “attei image' 
ot the fiist aiea The foim ol the attei- 
image is the same as the original, Init its 
colors and biightnesscs aie different. The 
liglitei paits are now the daikci and vice 
versa, and tlie colons aie complemcntaiy 
— loi example, bine liccomes yellow and 
giecn becomes pmk. 

Tlierc IS another phenomenon, the ex- 
act opposite' ol siimiltancous contrast, 
known as die “spieudiiig effect.” Oidi- 
iMiily, sirnnltaneous coutiast should 
ligliten ihe colons next to black. But il 
small, lepcalcd areas in a design aie siu- 
ioimded by uairow black lines, they look 
daikci. Conversely, small wlntc lines 
around the same aicas make them 
whiter. This effect is seen quite olten in 
daily lilc it one looks loi it. Any small 
area of coloi such as a block letter imme- 
diately becomes daiker it a black line is 
drawn around it; its coloi will mix with 
whatevei coloi is used to draw the Imc. 
The effect, which has not yet been satis- 
factorily explained, is purely visual 

N OW ALL these effects are what you 
miglit call piopeities oi tlie eye it- 
sclt. They occur whenever these condi- 
tions aie present, and are effectively the 
same foi all people. They lie in the field 
of physiology, they do not depend on 
ixrdividual expciience in any way. 

In looking around us, we see not 
patches of light but leal objects in a real 
woild. And this brings us to ihe psycho- 
logical aspects of vision. 

Let’s start with the flat statement that 
when you “see” an object in hont ot you 
at any distance beyond your reach, you 
actually see not what is there hut what 
you think is there. And this is not meant 
m any abstract philosophical sense. Con- 
sider the senes of three drawings at the 
left. The first shows a six-sided figuie 
with radial lines fiom the center to the 
corners. This is a perfect di awing of a 
transpaient cube as seen with one eye 
looking dnectly at one corner. Many peo- 
le, however, will see it only as die two- 
imensional drawing wfiich it really is. If 
we tip the cube, as in the second draw- 
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SHOE standing by a cube makes it 
possible for the viewer roughly to es- 
timate the apparent size of tlie cube. 

ing, more people will tend to see it as a 
cube, 01 at least as a di awing of a cube; 
and if we rotate it slightly, as in the third 
drawing, most people will see it as a cube 
biult up out of 12 white wiies rather than 
as a drawing at all. 

Many reasons can be given for this 
change in attitude. All three of the draw- 
ings are two-dimensional, and yet you 
change from seeing the drawing as a 
design to seeing it as a reproduced oli- 
ject. You see what you consider the most 
likely meaning of the di awing. If you 
believe it is intended as design, you sec 
it that way; and vice verm, if you feel 
that it lepresenls a cube you change to 
that way of seeing it. And you sec the 
lines as a cube not so much because they 
are like a cube but because a cube is the 
nearest thing m your cxpciience to 'what 
you see in the diagram. 

Our vision is so highly trained as to 
make all our other skills comparatively 
crude. Practically every waking mo- 
ment, since we first tried to reach out and 
touch a bright something in front of us, 
has been devoted in part to learning to 
see. The net result, by the time we reach 
maturity, is amazing, but few of us ever 
have occasion to consider it objectively. 
Indeed, the very fact that most of us are 
unconscious of this skill makes its proper;* 
ties surprising and not easy to under- 
stand. 

As Adelbert Ames of the Dartmouth 
Eye Institute puts it, “The things we see 
are the mind’s best bet as to what is out 
front.” They represent the assumption 
we should have to make if we were to 
take some action toward the objects. 

A more dramatic illustration than the 
drawings is the series of three photo- 
graphs at the top of this page. In the first 
you see a familiar object, a shoe, along 
with a not so familiar cube. Although 
you do not know the exact size of the 
shoe, you have a fair concept of its 
length, and accordingly, you have an 
idea about the size of the cube. In the 
second photograph you note that this is 
a different shoe and a much smaller 
cube. There is nothing unusual to you 
about either picture because you have 
assumed them as usual. But when you 



ANOTHER shoe provides liasis for 
estimating another cube to be small- 
er than the one that appears at left. 

look at the thud photogi'aph you imme- 
diately readjust your thinking drastical- 
ly. You now realize that you chose the 
wrong class of objects as the standard of 
measurement. You measmed the cubes 
by the shoes, instead of vice versa, sim- 
ply because youi assumption about the 
size of the shoes was the safest you could 
make. There was nothing in your expe- 
rience to suggest that one of the shoes 
might be size 52^ 

Seeing, therefoie, is as much a matter 
of experience as of physics oi jihysiology. 
It is always based in part on assumptions. 
We see what we believe we are looking 
at. Our mental pictures are our own. 
They are not necessarily shaied either by 
others or by the objects themselves. 

S uppose you weie suddenly con- 
fronted by an entirely unfamiliar ob- 
ject, what would you see? The answer is 
quite simple: you would see it as similar 
to a possible something you had en- 
countered befoie. Given a particular 
scene, you do your best to see the objects 
as you leally believe them to be. On the 
whole you do a very creditable job. Oc- 
casionally, however, the situation is too 
much for you and the lesiilt does not jibe 
with the facts. Or conversely, and more 
importantly, as the result of your experi- 
ence you may see something correctly 
even when the physical facts of the situ- 
ation are misleading or confusing. 

It IS interesting to review a few cases 
where the mind sees correctly and in- 
stantly things which from the physical 
standpoint are quite complex. If a clear 
colorless glass object is placed in front 
of a colored surface, you see the color 
of the background through it. The glass 
seems to have the color of the back- 
ground. If the situation is apparent 
enough, however, you may distinguish 
the clear colorless glass from the color of 
the light reaching your eyes. You see this 
even though the situation is obscure. But 
in order that anything be “seen” in the 
ordinary sense of the word, it must tie in 
with an experience in some way. 

Once you do see a particular property 
of an object, however, you then proceed 
to make a fairly obvious but usually un- 



COMP ARISON of shoes shows that 
one is size 52, Cube was thus judged 
by experience rather than by reality. 

conscious assumplioii about it. You as- 
sume that, in the absence oi other indi- 
cations, these pioperties hold over the 
whole of the object. If they do not, you 
may get lather badly fooled, but in 
everyday experience it is a fairly safe 
assumption. 

One of die most remarkable abilities 
the mind possesses is that of seeing two 
colors at the same place simultaneously. 
The image of a led traffic light, for ex- 
ample, may be seen leflected fiom a 
glossy blue surface in such a way that 
the patch appears both led and blue at 
the same time. There has been much 
contioversy over this phenomenon from 
the time of Hermann von Helmholtz. 
Thiee possible explanations have been 
proposed. You may see simply the mix- 
tuie of the two colors accoiding to the 
simple laws followed by color. This is 
the lesiilt which would be piedicled by 
the psychophysical approach. Or you 
may actually see both colors simultane- 
ously and separately. This is the result 
suggested by the work of some psycholo- 
gists. Or you may just imagine that one 
color continues across under the other 
without looking at the color at all. This 
was Helmholtz’ suggestion; he called it 
“unconscious inference.” There are ex- 
amples which appear to support each of 
the thiee cases. Reflections are of almost 
constant occurrence in the world around 
us. It is their very familiarity which is 
probably the key to the whole matter. 
We are so accustomed to seeing the 
phenomenon and knowing the facts it 
presents that we have simply learned to 
recognize the true meaning. 

“The eye is blind to what the mind 
does not see.” This old Arabian proverb 
could have been written by any modern 
woiker in the field of vision. Seeing is 
not simply a matter of the physics of the 
light reaching the eye, nor of the proper- 
-ties of the eye which it strikes. It depends 
on the mind and the experiences that 
have shaped it. 


Ralph M. Evans is head of the 
Color Control Department of 
the Eastman Kodak Company. 
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Another contribution to the rapidly growing 
literature of mathematics and human behavior 



by J. L. Walsh 


Human Behavior ano the Principle 
OF Least Effort: An Introduction 
to Human Ecology, by George 
Kingsley Zipf. Addison-Wesley Press 
($6.50). 

T PIERE has been a striking increase 
recently in the attention devoted to 
the mathematical study of human 
behavior. We have, for instance, out- 
standing woik by A. J. Lotka on popu- 
lation analysis, by John von Neumann 
and Oskar Morgenstern on the theory of 
games, by H, T. Davis on 'economet- 
rics,” by John Q. Stewart on '‘.social 
physics/' and by Norbert Wiener on 
'‘cybernetics,” These eflorts, in part sim- 
ply objective studies by intiuiring minds, 
are also occasioned by the immodiule 
and pressing need for practical decisions 
in social affairs. 

It would be rash to prophesy that a 
new science of human behavior will now 
evolve along the lines of the histoiy of 
mechanics, but it would be foolish to 
ignore the lessons of that history. We re- 
call the pattern of the evolution of me- 
chanics: Tycho Brahe (1546-1601), an 
astronomical observer of gieat skill, made 
numerous observations of the motions of 
the planets that were used l^y his pupil 
Keplei (1571-1630) to formulate the 
fundamental laws governing those mo- 
tions, and Newton (1642-1727) in turn 
founded the science of mechanics to ex- 
plain those laws. Certainly it is reason- 
able to expect that laws in social science, 
subject to revision and obsolescence, may 
similarly be established. A skeptic who 
totally doubts this possibility will have 
few companions among open-minded, 
intelligent incinirers who have consid- 
ered modern writings. 

The mere organizing of numerical 
data in social relations is valuable work; 
only thus can norms be established and 
abnormalities recognized. To consider an 
analogy in medicine, fever in a human 
being is evidence of an unusual condi- 
tion, and is significant whether or not a 
complete diagnosis and an artificially in- 
duced cure are possible. In the present 
state of the social sciences^ an investi- 
gator should not despise the use of mod- 
els,, especially simplifications of and ab- 
stractions from concrete situations. In die 
;"m^i:th^atical study of die motion of a 



Single planet we often ignore the effects 
of other planets, and in the study of the 
motions of the entire solar system we 
often ignore the effects ol other .suns. 
The investigator should not fear the 
charge of “arguing by analogy.” Perhaps 
the tiiiest of the worlds wisdom is em- 
bodied in parables— indeed, peihaps all 
wisdom consists in parables, including 
analogies and abstractions. 

George Kingsley Zipf, University lec- 
turer at Harvard University, .started 
writing on the problems of social phe- 
nomena a quarter of a century ago, when 
it occurred to him as a philologist “that 
it might be fiuitful to investigate speech 
as a natural phenomenon, much as a 
physiologist may study the beating of 
the heart, or an entomologist the tro- 
pisms of an insect, or an ornithologist the 
nesting-habits of a bird. That is, speech 
was to be regarded as a peculiar form of 
bchavioi of a very unusual extant spe- 
cies; it was to be investigated, in the 
manner of the exact sciences, by the di- 
rect application of .statistical principles 
to the objective speech-pbenomenu.” 
Since then Zipf has extended his studies 
into numerous other fields of social rela- 
tions. His book is a comprehensive treat- 
ment of the work done by him.self and 
his students, and by other investigators 
in the same field. 

Zipf’s thesis is that the activity of 
every individual will tend to be governed 
by a Principle of Least Effort, where ef- 
fort, or woik, is averaged over a period 
of time and based on an estimate of fu- 
ture probabilities by the individual. Zipf 
has gathered and analyzed huge amounts 
of statistical data hearing on this prin- 
ciple and on biosocial phenomena in 
general. He has shown that in a great 
cliveisity of fields the principle unifies 
and explains the observed actions of in- 
dividuals and of groups. We shall con- 
sider here some examples from his dis- 
cussion. 

Zipf is at his best, and indeed without 
a peer, in the statistical study of lan- 
guage. Let us examine some results in his 
study of word frequency. In a sample 
of the writing of an individual, each 
different word will occur a certain num- 
ber of times; let us call this number 
the frequency, f, of that word. The fre- 
quency of each word is then given its 
relative rank, r. The rank of die most 
frequently used word is 1, of the next 2, 
and so on. The remarkable finding is that 
in any reasonably sized sample of an in- 
dividual’s writing the product of the fre- 
quency and rank of any word~f times r— 


is always approximately constant, re- 
gardless of how the woid ranks. For ex- 
ample, Miles L. I'lanley and his associates 
compiled a word index to James Joyce's 
novel Uli/sses, and M. Joos made a statis- 
tical study of these words. The novel, 
260,430 words long, has 29,899 different 
words. The 10th most frequent word oc- 
curs 2,653 times. Multiplying r (10) by 
f (2,653), we get 26,530. The 50th most 
frequent word ocems 556 times. Here i 
times f equals 27,800. The 100th most 
frequent woid occurs 265 limes, and r X 
f= 26,500. The 1,000th most frequent 
word occurs 26 times; r X f — 26,000. 
When the frequency and lank of each 
word in Vhjsses aie plotted on a cooi- 
dinate graph, with the values of r laid off 
horizontally and the coiresponding 
values of 1 vertically, the result is the 
curve A in the top chart on the opposite 
page. The scale.s of both r and 1 are made 
logarithmic, so that this curve can be 
readily compared with the ideal curve C. 
The latter is a straight lino sloping down- 
ward to tile right at an angle of 45 de- 
grees to the horizontal, that is to say, is 
a straight line with a slope of minus one, 
which repiesents the equation r X f= 
constant. The agreement of the empiric 
curve A with an ideal curve of type C is 
too close to overlook or ignoic, 

This law of word frequency goes back 
at least to the work of a Frenchman 
named J. B. Estoup in 1916. The law is 
so surprising that many have questioned 
it. Indeed, the data from Ulysses plotted 
us curve A were compiled by skeptics 
who originally had expected to show that 
the law did not hold! Zipf, who has long 
investigated the law, adduces other evi- 
dence to support it in his book. For in- 
stance, cuive B in the same chart on the 
opposite l>age is based on a study by 
R. C. Eldridge of word frequencies in 
U.S. newspapeis. His combined samples 
had 6,002 different words in a total of 
43,989 xunnmg words. Here again the 
closeness of the empiric curve B to the 
ideal curve G is striking. The same results 
appear in the analysis of numerous othei 
samples of language: in Chinese, Gothic, 
^Ifnc s Old English, Old High German, 
Pennsylvania Dutch, Yiddish, modern 
Hebrew, Norwegian, several dialects of 
American Indian, and numerous English 
writings, including Beowulf, Shake- 
speare’s Hamlet and T. S. Eliot’s poetry. 

The cumulative weight of this mass of 
evidence is convincing. There are di- 
vergences from the ideal Aat require 
some explanation. Thus the noticeable 
steps at the bottom of curves A and B 




uie occasioned by the tact that frequency 
f and rank r are necessarily whole num- 
bers, a large number of words occur just 
once, and a huge numbei just twice. 
Other related questions suggest them- 
selves. What IS the optimum size of a 
sample? Should “house” and “houses” be 
consideied the same word or as differ- 
ent woids? Should “brothel -in-law” be 
counted as one word or three^ How does 
the length o£ a word compare with its 
fiequency? How do iormal and infoimal 
wiitmgs differ? Does a child’s language 
exhibit the same law as an adult s'^ What 
IS the characteristic woid-distnbution of 
a schizophrenic? Zipf discusses these 
questions with insight, and explains the 
departure of some curves from the norm 

As a model to aid in discussing the 
lank-frequency law and tlic Principle of 
Least Effort, Dr. Zipf considers an artisan 
at his workbench, with a vaiiety of tools 
ananged in succession on a straight rack 
extending diieclly away fiom him. The 
aitisan must perform certain assigned 
jobs, fabiicatmg a large numbei of ar- 
ticles with the tools and raw materials 
placed at his disposal. He is at liberty to 
modify his tools by altering their size, 
shape, stowage and usage, and also by 
discarding old tools and manufactuiing 
new ones. We require him, howovei, to 
minimize his total woik (this is the least- 
effort ju'iuciple), and this work includes 
planning, use of tools and modification 
of tools. 

If we disregard the work of applying 
each tool to the raw matciial, which can 
be consideied constant, the problem le- 
duces itself to the movement ol the tools 
from their places on the rack, and any 
modifications of tools that seem to the 
artisan desirable. The woik of moving 
each tool is proportional to its mass m, 
its distance d from the artisan, and the 
relative frequency f with which it is 
used. Thus the work of using a single 
tool IS equal or pioportional to the prod- 
uct f X m X d, and the total woik is the 
sum, W, of all the products. The artisan’s 
problem is to minimize W, that is, to 
make the most economical arrangement 
and use of the tools. 

Certain pimciples at once suggest 
themselves. The artisan will pack the 
tools as close together on the rack as he 
can, in order to minimize the distance d 
for any individual tool and for all tools 
beyond it. Close packing involves a le- 
duction of the size of tools, especially of 
those near the artisan. Pic also tends to 
1 educe the mass of each tool, to decrease 
the factor m. This “ablneviation” be- 
comes especially important for a fie- 
quently used tool. Of course the most 
fiequently used tools tend to become 
small, and the smaller tools tend to be 
those most frequently used. It is eco- 
nomical to redesign a small, frequently 
used tool so that it may absorb the jobs 
of heavier and less-used tools. 

Now an aidisan’s use of tools Is closely 
analogous to a writer’s or speaker’s use 



STATISTICS OF LANGUAGE reveals a remarkable order in word fic- 
quciicy. Here the rank-frequency relation of words in Joyce's Ulysses (A) 
and in newspaper articles (B) is compared with theoictical curve iGj. 



MATHEMATICAL REGULARITY is also shown in this comparison lie- 
tween Ulysses and Homer’s IliacL Number of words used with various fre- 
quencies is plotted. The relation is consistently the same for both works. 
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CHAMBER-MUSIC VOGUE is plotted mathematically here. Between 1510 
and 1870 the number of chamber-music composers increased exponentially. 
Sharp drop after 1870 may he due to decline in popularity of this music. 
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ol words. To a leniaikablc degicc the 
laws I'oi the aitisaii are objectively voii- 
fiii]}le for the water and spcakci. Thus 
long words tend to become abbi eviated 
Ol leplaced, and shoitei woids tend to 
be used more often. The psychologist 
E. L. Thorndike has obseived that '‘we 
have found evidence that difieienccs in 
frequency, even among woids occurring 
less than two times in a million, aie le- 
lated to differences in numbei ol sylla- 
bles or of phonemes.” Woids, especially 
the shortei and more irequent ones, aie 
often used in permutations with specific 
otheis. In the dynamic pioblem whcie 
words may change, there aic in constant 
operation loices tending to design and 
introduce new words, to modify and give 
new uses to old ones, and to discaid 
seldom-used woids In a i datively .static 
situation, these loices aie m appioximate 
equilibrium. 

Thus while we have no syllogistic 
pi oof of the Principle of Least Effort, we 
do have a verification of the principle in 
the diiect numeiical study of language, 
ill the fact that paiallel laws concerning 
tools for the artisan and woids for the 
speakei and wiitei can be rationally es- 
tablished from the principle. 

The scope ol the authors plan is so 
extensive that we can but mention some 
of the olbei topics lie tieats. In addition 
to the language ol adults, he considcis 
empiiically and rationally the vcrbalr/,a- 
tious of ciukh'en, the origin of speech, 
the economy of sensation, mtellectual 
rigidity, the biosocial aspect of organ- 
isms, proci cation, cultiue, schizophrenia, 
dreams and art. He then proceeds from 
the study of the individual in society to 
the study of the social activity of groups, 
with leference to such diverse topics as 
the economy of geography, including the 
lank-size of cities, the rank-number of 
manufacturing establishments and shops, 
the movement of bus, railway and airway 
];)assengers, and the number of telephone 
messages, intornational and intrana- 
tional cooperation and conflict; distribu- 
tion of economic power and social 
status; prestige symbols and cultural 
vogues. The tool analogy continues to be 
illuminaling throughout, and the rank- 
frequency law illustiated in the chart at 
the top of page 57 occurs again and 
again. 

In a complicated and confusing wil- 
derness Dr. Zipf has hewed paths, and 
indicated numeious others, of interest to 
the infoimed layman and ol great sig- 
nificance to the pi'esent and future spe- 
cialist. In a sense, this work so far serves 
mainly to suggest lurtlier unsolved prob- 
lems. What, for example, is the scope of 
the Piinciple of Least Effort, and how 
should it be precisely formulated in di- 
verse fields? How is mental effort to be 
measured, and what is the conversion 
factor with physical effort? In the tool 
analogy and in language, the system ap- 
parently, tends dynamically toward a 
static condition exemplified in tfie curve 


loi the 1 ank-b equcncy distiibutioii foi 
woids This disU illation is lationally 
demonslialcd in (lualitalivc tcims, IniL 
not quantitativ^ely. Why, lor instance, is 
the distiibution liiicai, and why is the 
slope minus one? Opportunity is iipe loi 
new Tycho Brahes, Lepleis and New- 
tons ^ 


J L Walsh, Pcikins Professor 
of Mathematics at Harvard Uni- 
versitif, is piesidcnt of the 
American Mathematical Society 

T he Bismxbck Episode, liy Captain 
Russell Gienlcll The Macmillan 
Company ($3.00) . An absorbing account 
of what was perhaps the most exciting 
and difficult chase in modem naval his- 
tory. Only Nelson's pm suit of Villeneiivc 
to and fiom the West Indies in 1805 
covered greatei distances than the 3,000- 
milc tracking of the Bismarck by the di- 



lated Hood, Prince of Wales, Kin^ 
Qeoi^c V, Rodney, Ark Royal, Victori- 
ous, Norfolk, Suffolk, shoals of lesser 
naval craft, and various aircraft. Even 
Admiralty headquarters, moored quite 
fast in London, joined in the cliase (not 
always to advantage), freely dispensing 
the conjectures of its plannets and co- 
ordinating .scattered activities liy wiic- 
less. The final kill came almost as an 
anticlimax to the diamatic hunt in which 
every available scientific resouice, and 
every human resource of biavciy, en- 
duunice, seamanship and shrewd guess- 
woik combined to conveit what started 
out as a disastrous defeat into a brilliant 
victory. Captain Crenf ell's clear style is 
just light for this superb story and for 
imparting easily all of its complicated 
scientific and nautical detail. 

F light into History. The Wiucht 
Brothers and the Air ActE, by Els- 
beth E. Freudenthal. University of Okla- 
homa Piess ($3.75) . The chief virtue of 
Miss FreudenthaPs account is its separa- 
tion of facts from the nostalgia-laden 
myths surrounding one of the greatest 
advances in aviation history, A number 
of points regarding the Wnght brothers' 
achievements are now firmly established. 
Their 12-second Kitty Hawk flight of 


Decembei 17, 1903, was the fiist con- 
ti oiled flight evci made, Wilbui's lecoid 
on the Slime day of a 59 .second flight 
coveung 852 Icct was not equalled lor 
yeais, tliough most ol the world icccived 
die news with skepticism if not hihuious 
incredulity, the Fiench chaiactenzuig it 
as '‘uu bluff Ameiicain phenomenal,” lor 
the actual construction of then beautiful 
plane and engine the Wiigbt In otheis 
were alone lesponsiblc, they weie caic- 
tul and oiigmal expeiimcnteis (tlicir 
wind-tunnel expeiiments and tables 
were first -1 ate examples of scientific 
work), skilled technicians and superb 
pilots. It is, howevei, by no means 
clear that they appiecialed, mucli loss 
acknowledg(‘d, the contribution to acio- 
naiitical science and to then own .success 
of then contempoiaiies, mcluding thou 
geiieious liiend and supportci Octave 
Chanute. Noi did they seem to lealize 
that the wing- wai ping contiol system 
from which tliey cleaved then wealth 
was so closely linked to, and so much the 
development of, the leseaiches ol oiliei 
investigatois that it was absurd foi the 
Wiights, except as contenders foi 
patents, to claim afisoliitc priority lor the 
theory and molliods involved. In tliis 
phase of the iiisloiy of science there is 
surely enough credit to go around, 
though tlie Wiights got the more tangi- 
bles lewuids. Unfortunately, as Cflianiite 
wrote them in 1910 when llieir claims 
wcie m c'ontroveisv, they piM-mitlcd 
theii “usually sound judgment ... | to 
be] warped by tlie ckxsirc for great 
wcialtli ” Fiom Miss FreudcntJuirs lial- 
auecd account ol tlicni aviation exploits 
and business dealings, the Wright bi oth- 
ers personally emerge as a faceless, enig- 
matic pan, and bei book suffers geneially 
bom a lack of lifc-givmg detail regard- 
ing what must have been a most coloilul 
train of episodes. 

R egular Polytopes, by H. S. M. 

Coxctei. S. y. Reginald Saunders 
and Company, Lid ($3.50). The early 
bisloiy of die polyliedra— geometrical 
figures boimdcd by poi turns of planes— 
is “lost in the shadows ol antiquity.” The 
lain oil s five legular solids, three ol 
which, togcthei with other polyhedui, 
occur in nature as crystals, weie studied 
by die Pythagoreans, by l^Iato, and, 
more exhaustively, by Euclid. Excava- 
tions on Monte Loffa, near Padua, have 
uncovered an Etruscan dodecabedion, 
showing that this figure “was enjoyed as 
a toy at least 2,500 years ago.” A law of 
symmetry related to Plauy's crystallo- 
graphic “Law of Relativity” asserts the 
impossibility of the “inanimate occur- 
rence of any pentagonal figure, such as 
the I'egular dodecahedron”: Thus while 
the tetrahedron, cube and octahedron 
are found as ciystals, the dodecahedron 
and icosahedron cannot form crystals 
but need “the spark of life to occur 
naturally.” Professor Coxeter of Toronto 
University, known for his revision of 
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Ball’s Mathematical Recreations and 
Essays and for his pajiers on geotncliy, 
has assembled a treasure house ot 
intoi matron on the two-, three- and lom- 
drmensional polytopcs In addition to 
examining thoroughly, with the use ot 
both elementary and advanced methods, 
the properties of ordinary and multi- 
dimensional figures, Coxetei haseniiched 
this volume by interesting innovations 
of his own, numerous cuts and plates, 
historical suiumaiics, tables and a useful 
bibliography. Of the last-named Coxetcr 
icmaiks that the listing of the names ot 
30 German mathematicians, 27 British, 
12 American, 11 French, 7 Dutch, 8 
Swiss, 4 Italian, 2 Austrian, 2 Hungarian, 
2 Polish, 2 Russian, 1 Norwegian, 1 Dan- 
ish and 1 Belgian, ‘"provides an instance 
of the essential unity of oiii Wester n civi- 
lization, and the consequent absurdity of 
intei national strile.” 

I IDEALS AND ILLUSIONS, by L. Susaii 
Stebbing, Thinkers Library, Watts & 
Company, London (3 slnllmgs six- 
pence). Friars Lantern, by G. G. 
Coullon Thinkers Library, Watts & 
Company, London (3 shillings six- 
pence). Not the least welcome sign ot 
economic lecovciy in Britain is the in- 
ciease in pi^pcr supply, willi conc- 
spondingly more generous allotments to 
publishers loi new books and loi the re- 
printing of many older books, long 
unavailable but still in demand. These 
inexpensive, eompaet little volumes, well 
bound and clearly printed, are in the 
Thinkers Library, an admirable series 
now being^replenished, with new titles 
added. Susan Stebbing’s essay, a con- 
structive critique of the ideas, ideals and 
illusions men live by, written in 1941 
against the dark background of the war, 
compares favorably with all that came 
from her devastating, lucid pen, from 
her uncompromisingly honest and per- 
spicuous mind. (“In discussion with her,’’ 
said John Wisdom, “one could not expect 
to sit about in warm air— a stiffish breeze 
was usually blowing.”) The late G. G. 
Coulton’s fable of two modern pilgrims 
transported, like the Connecticut Yan- 
kee, into the Middle Ages, is an odd but 
pleasant and richly learned diversion, 
by one of the most distinguished and also 
one of the crotchetiest scholais of our 
period. 

F oundations of Modern Physics, by 
Thomas B. Brown. John Wiley & Sons 
($5.00). A good descriptive account of 
the expel imental foundation of a wide 
range of topics underlying the modern 
knowledge of atoms, molecules and 
nuclei. It uses a minimum of mathe- 
matics and would be suitable for a junior 
or senior undergraduate college course. 
Very little space is devoted to the revo- 
lutionary ideas of relativity and quan- 
tum mechanics, except where these are 
directly involved in some experimental 
subject under discussion. 



MESSAGE YOU'VE 
EVER READ! 

S uppose someone pointed a finger at you right this minute and 
' said: '‘You need an X-ray!” Chances are you’d think there 
was some mistake. After all yon feel pretty well. Why on earth 
should you, need an X-ray? 

Yet, an X-ray can mean a longer life, and a happier life, for 
you or for your loved ones. 

Your chest, very likely, is in perfect condition. If so, you’ll 
feel wonderful, knowing that you have no slightest sign, of tuber- 
culosis. You’ll be glad to know that you arc not endangering the 
health of other members of your family. 

But if your chest is not in perfect condition, you’ll want to 
add years to your life by having this information — You’ll 
benefit by early diagnosis — ^in time for steps to be taken in arrest- 
ing or curing this disease. 

You owe it to yourself and to your family to have your chest 
checked. Don’t pass up this opportunity. Make a date to have your 
chest X-rayed. 


Check your Chest 


. Get an X-ray Today! 



See Your Doctor, Tuberculosis 
Association or Health 
Department 
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Condiicled by Albert G. Ingalls 

T elescopic obseivation of the 

moon by amateur astionomers can 
be pursued at two levels. In the 
fill St, the novice examines the moon 
thiough the telescope he has just com- 
pleted. He is thrilled by the splendor of 
his hist magnified view of it, and aston- 
ished at the almost infinite variety of fine 
detail he increasingly discerns as he 
pores again and again over the brilliant 
image. Tiuly the moon is, as the astrono- 
mer Plenry Norris Russell has said, “the 
finest of all telescopic objects.” 

Witliin a few weeks the new observer 
can identify the principal *seas” and 
mountain ranges of the moon. But then, 
after following it through one oi two 
lunations, he may think the show is over 
and stop, haidly realizing how mucli fur- 
ther he could go. Some amateurs, how- 
ever, continue observing the moon and 
studying its map. These enthusiavSls soon 
enter the realm of the sclenogi a]:>hcr, to 
commune with a limited but world-wide 
circle of inveterate obsciveis. 

At this stage, amateur selenograpbers 
seek a detailed map of the moon, but 
find that Walter Goodacie’s famous 
map of the moon is no longei available. 
Luckily theie is anothei great map of the 


moon even huger than Goodacic’s- the 
Wilkins map, drawn 25 feet in diameter 
by H. P. Wilkins, the director of the 
Lunai Section of the Biitish Astronomi- 
cal Association. It is i educed foi lepio- 
duction to a diameter of 100 inches and 
is cut into 25 convenient sections 20 by 
21 inches each. The Wilkins map is oh- 
lainable horn its author at 127 Evoisley 
Road, Barnehuist, Kent, England, post- 
paid anywheie for two pounds stciling, 
appi oximately $8. The 25 sheets consti- 
tute the most detailed map of the moon 
evei drawn, 

The accompanying illustiations are 
full-size samples of one slicet of the Wil- 
kins map. The largei represents 1/4400 
of the entile lunar aiea, all of which is 
drawn on the same faithfully detailed, 
accurate scale. This area includes the 
25-mile crutci named Poitcr; the name 
was lecently inked in by Mr. Wilkins as 
a lasting memorial to the late Russell W. 
Porlei, The fine detail depicted on the 
map is exemplified in the smaller sample 
by the little circle above the teuninal 
“o” in the word Tycho. Thi.s circle rep- 
resents a Innai hillock only a little more 
than a mile in diameter; th(^ liiiiei circle 
to the right of the '‘o” is therefore los.s 
than hall a mile in diameter. A single clot 
might rejoresont a feature the size of the 
Capitol at Washingtoia, which would bo 
about the limit ol visibility in any tele- 
scope. 

Represented on the Wilkins map, in 
addition to all the major features, are 


an Luuiumbeied host of ciateilets, ciatcr 
pits, ciater cones, clefts, iidges, light 
streaks (dotted lines), and a few spots 
designated as variable areas. These 
alleged vaiiable aicas aic kept under 
obseivation, mainly by amateur astrono- 
mcis, I^ecausc they seem to some to un- 
ci ci go change. 

Is the moon a totally dead woilcl? This 
IS an open question ol long standing 
among astionomcis. Appaicnt minor 
changes m the loimations Axis tai elms. 
Atlas, Eratosthenes, Kepici, Linnch 
Manilius, Pico, Plato, Theophilus, Tycho 
and a score more may oi may not be 
leal. In 1926, at the end of a discussion 
of this cjuestion, Russell, R. S. Dugan 
and John Q. Stewart stated in their text- 
book, Astronomy, that the consensus was 
that no real changes have been detected 
on the moon. In saying this, however, 
they do not dogmatize. They add that 
the disputed question is difficult to settle. 

In a 76-pagc booklet entitled Docs 
Anything Ever Happen on the Moon^, 
clevolcd wholly to this fascinating cpies- 
tion, the planetary a.stiouomer Wallci H. 
Haas of Alhucpierquc, N.M., has pointed 
out that the moon has been gicatly neg- 
lected by professional astionomers. One 
observer who saw changes on it had 
made far more extensive studies of the 
moon than had his professional ciitics. 
The booklet by Haas, a seiii^s of articles 
reprinted from The Journal of the Royal 
Astronomical Society of Canada, brings 
together widely scattered material on the 









study ol lunar changes. Theie aie sev- 
eral types ot changes: permanent, ii regu- 
lar, periodic, and color changes 

Is the daikening ot some small spots 
in the crater Alphonsus, seen at each 
29 / 2 -day lunation, due to vegetation, as 
W. H. Pickeimg behoved? Aie the 
changes in the ciater Eiatosthenes, to 
whose description Pickering devoted 
seveial articles m Popular Astronomy 30 
years ago, real? What of the crater 
Linne, whose tiny white aiea appears to 
change in size, and what ot Plato, where 
new craterlets seem to have appealed, 
and whcic mists weie seen l)y Haas? In 
Tycho, Plaas claims to have seen a cu- 
rious, milky-looking luminosity on the 
east outer wall, stiongly suggesting the 
existence ot a lunai atmosphere. Some of 
tliese changes have been discussed m the 
periodical Haas edits. The Strolling As- 
tro 

To paiticipaLc m the observation ot 
fine detail on the moon and not mciely 
gaze at it, the arnatciii needs a telescope 
of six-inch aperture or larger, a minutely 
detailed map, and peisistent etfoit. He 
soon leains to recognize many oi the 
small details and comes to think ot some 
ot them almost as his own possessions. 

Tlie Wilkins map, now in a second, 
levised edition, was compiled Irom throe 
sources: photographs taken with the 
lOO-inch lolcsco]:)C, diawings by eminent 
lunar oliscrveis, and its authoi’s ohseiva- 
tions at the eyepiece Since 1 909 Wilkins 
has observed the moon with telescopes 
of various apertures, chiefly with a i 2Ja- 
mch lefleclor. Goodacro has pointed out 
that the details which can be ol) lamed on 
photogiaphs with the K)0-mch telescope 
baiely tax the powers of an amateur-size 
instrument of about that apertm e, in his 
own case a 10-inch lelractoi. 

A new book, Engineering Optics, 
by K. J. Plabcll and Arthur Cox, both 
formerly employed by the Butish optical 
firm of Taylor, Taylor and Hobson, Ltd., 
has just been published by the Pitman 
Publishing Corporation, Now York, N.Y. 
It deals with the principles of optical 
methods in engmeenng measurement. 
The opening two chapters give the theo- 
retical background for understanding the 
subsequent chapters on light and illumi- 
nation in optical instruments, on micio- 
scopes, telescopes, optical projection and 
profile microscopes, and on miscellane- 
ous optical methods. In all these the em- 
phasis is on practical applications, for 
example in the contour projector, the 
profile microscope, the alignment lestci. 
At $7.50 its addition to the amateur's 
libraiy is well justified if his interest is 
mainly practical. 

P LEASURE in the successful attain- 
ment of a high degree of precision is 
believed by some to be the force that 
keeps the amateur telescope maker going 
back to his optical work when he should 
he using the telescope he has just made. 


if this really is the undei lying motiva- 
tion, it would explain the fact that the 
lover of piecision optics is usually a lover 
ot any kind of piecision work. 

The most exacting and difficult of all 
high-piecision woik is thought by many 
to be tile constiaiction of a ruling engine, 
and with it the actual ruling ot diffrac- 
tion gratings, especially those of the 
larger sizes. For some months past theie 
has been an unprecedented ferment in 
the small and veiy limited world of the 
luling engine. Whereas all the world’s 
demand for diffi action giatings has until 
lecciitly been satisfied by two or thieo 
makers, that demand has increased so 
lapidly since waitimc that several lab- 
01 atones are now hard at woik building 
new luling engines ior making more 
giatings. The duel cause of the greatly 
increased demand is the widening ‘Yhs- 
covery” by industiy that spectvogiaphic 
analysis is moie rapid than chemical 
analysis, and that giating spectiogiaphs 
have greater advantages than pnsm 
spectrographs; also, in the lealm of phys- 
ical science, the need tor large giatings 
having high resolving power foi use m 
basic research. 

In a monumental ailiclc on “The Pio- 
duction ol Difiraction Gratings,” pub- 
lished in the June number of the Journal 
of the Optical Soclaiij of America, 
George R. Harrison, Dean of Science at 
tliG Massachusetts lii.stilutc oflYchnolo- 
gy and editor of that journal, dis’cii.sses 
the pieseiit status of grating ruling. 

Two-inch gratings, such as arc used in 
many spectrographs of the indiisliiul 
type for chemical analysis, can be pro- 
chiccd almost on demand by any of a 
number of engines now in operation. 

Four- inch gratings can he produced 
by ruling engines at Johns Hopkins Uni- 
versity, at the Mount Wilson Observato- 
ry, by M. Siegbahn in Sweden, and by 
Baiid Associates m Cambiidge, Mass. 
The Bausch and Lomb Optical Company 
of Rochester, N.Y., and the jarr ell- Asia 
C'ompany of Boston, Mass.^ also are ex- 
pected to operate witliin a year on grat- 
ings of this size. 

Six-inch gratings can be produced at 
Johns Hopkins University fairly regularly 
and at the Mount Wilson Observatory 
occasionally, with Siegbahn, and Bauscli 
and Lomb, probably coming in soon as 
sources, and peihaps Baird Associates 
and the Jan ell- Ash Company. 

Eight-inch gratings are not at piesent 
available anywhere on eaith. There is 
some hope of their production by Sieg- 
bahn, possibly by Bausch and Lomb, by 
Johns Hopkins University and M.LT. 
Gratings of this large size are needed for 
researcla ni pure science, but very little 
if at all in industry. It is on this size that 
the rivalry lo get into production first is 
greatest. It is hoped by the more opti- 
mistic that 1949 will see the actual be- 
ginning of ruling by several large en- 
gines, some of them newly designed on 
principles that depart from the conven- 


X-Ray Tube 

Coolidge type, 7" diam- 
e+er across Ihe sphere. 
G. E and other makes. 
$25.00 

Space Discharge type. 
Roentgen bufb 6" across. 
Used, in good condition. 
$1 5.00 



PRISM 


In mounting of alumi- 
num-magnesium al- 
loy. Meets most ex- 
acting requirements, 
b' by I” face. Suit- 
able as diagonal tor 
reflectors, also as 
star diagonal on re- 
fractors. $3.00 




VARIABLE 
DENSITY FILTER 

Genuine Polaroid va- 
riable density device. 
278" diameter. Com- 
plete new stock. 

Postpaid $2.35 


PENCIL-SiZE 

MICROSCOPE 


pi Clip it on to your pocket and you'll be 
IjW proud to own this amaiingly powerful 

I PENCIL-SIZE MICROSCOPE Ideal for 
H people in all walks of life. Whether you're 
an engineer or |ust a hobbyist you'll mar- 
vel at the way objects appear under 
this wonderful microscope. Holds un- 
|| limited fascination for young and old. 
P Replaces costly instruments. Magnifies 
20 X. Instant focus. Excellent wide field. 
Aluminum body beautifully finished. Hun- 
dreds of uses. Makes handy inspection 
instrument. See for yourself. Order today. 
U,sed by: Engineers, Engravers, Scientists, 
Students, Hobbyists, Bankers, Inspectors, etc. 

Price $2.50 


PORRO PRISM 

Porro prisms can be used 
on binoculars. 

6 X 30 each SOc 

7 X 50 each SOc 




POLAROID 


Genuine Polaioid 
mouiiled in opti- 
cal glass. 3" (72 
min ) discs xier- 
fcict foi every use 
in photo graph y, 
plijslcs, pofiolo- 
gy, (diemisUy, astronomy, mlnoralogv, $1 25 
each or 2 for $2.00 postjuud Also 1" (25 mm ) 
chaniotor $.60 each or 2 foi $1,00. 


Include Postage — Remit with Order 


Send 50c -for Up-to-minute Catalog 

HARRY nOSH 

MICROSCOPES—TELESCOPES 
Scientific and Laboratory Apparatus 
70 West Broadwoyp New York 7, N, Y. 



MAKE YOUR OWN 
HIGH POWERED 

REFLECTING 

TELESCOPE 


FOR ASTRONOMICAL AND TERRESTRI- 
AL OBSERVATION. INCLUDES 4" DIA. 
ALUMINIZED MIRROR. COMPLETELY 
FINISHED OPTICS-1 25 POWER $6.50 

The optics ore completely finished and 
ready to mount in a tube. The tube may be 
metal, plastic, or even cardboard. The 
telescope can be completed in one evening 
of easy work and will provide a source of 
never ending pleasure. With it can be seen 
the rings of Saturn. Moons of Jupiter, 
Phases of Venus, hundreds of mountains and 
craters on the moon, etc. The 4-inch diam- 
eter mirror has been ground and polished 
from a thick plate of optical glass to extreme 
accuracY and then hard aluminized for high 
refiectivjfy and great durability. Also in- 
cluded ore several eyepiece lenses giving 
magnifications of 25X. BOX, 75X, lOOX, and 
125X, a standard inch diameter eye- 
piece, an optically flat mirror for erecting 
the image and viewing terrestrial obiec+s, 
an eyepiece tube, an optically flat alumin- 
ized diagonal, and instructions, all for only 
$6.50. 

We pay the postage. 

Do|jt. 8K, 24 West 45tli St, Now York (9, N. Y. 


40 POWER 


TEKiESCOPS 

Coatod Lonsos 


40X--FINE for Astronomy 

30X— SUPERB for Lontj Distances 

2 OX— EXCELLENT Spotting Scope 

lOX— WONDERFUL for Close Study 
Ptocisioii Ameiitvin Made VaiKible Pnwi'i Tel r hi ope 
(not WJH' auiplusl I OUR TKI.KSCOPRS in One 
lOX, i20X. dO\, *uui dOY, M.itrnefaiuin-iluoiulc 
Hard Coated Lensef, AcliromaLic Ohiective lens 
ai'H" (sam/m) di.'i Lenfrth Closed OiV', 

AliiWlimm and brass consliuctiou through- 
out Genuuio lenthei covering Weight $42.50 

ACHROMATIC TELESCOPE OBJECTlVES—rerfeU 

Magnesiuth 3?lu<n tde Coated and eeineutt d Ooy i 
SiirpluH lonse.H niado of llncHl Ciovmj and I'lhU 
optical glass. They are fully wiiectod and have 
tromendoufi resolving powei CruarantoiKl well 
bxilted foi Ash onoTulc-al TelcHCopeH, Spotting 
Scopes, etc. Oi Iglnnl Cov't coat appro-tlmaUdy 
aiOO.OO each 

Fnrnl Length 
I5{l0m/m \y') 


Diameter 
5 Dm/m (2iV') 
7(im/ra (3") 
Slm/m 

83 m/m LlM-") 
83m/m OVi") 


Knell 

$12.50 

$19,00 

$22.50 

$28.00 

$30.00 


G2*ini/m (2 I 
87 8m/m (.MVa”) 
lD16m/m (40'") 

8 POWER FEATHERWEIGHT BINOCULARS 
SJiiftll, compart fS \ 2.1 French, not < 11,11 phis ) AH 
nrounC flport ghivs) v^hc for liaees, IltnUing. Bird 
ShuL. ete Complete tuth Carrying tc 

anti vStrapi* $69,00 Value ,>Z7./D 

^plus $5 95 Excise tax — Total $35 70 
7x50 BINOCULARS— Brand non comnlete with 
carrying cabe and .straps Made in Octupied Japan 
Satisfaction guaranteed, CotnparatUe American 
Binoculars are priced at $1R8 00 plus 
tav 

■^plus $8 50 Excise tax — Total $51,00 
7X50 BINOCULARS \uLli ctmted Lemei 

and I’jrismB 

^ptus $10.50 Excise tax — Total $63 00 
27 POWER spotting SCOPE LENS SET. 
Consists of Big lOm/m J)la Coated Oh- 

jectivo Lens, 2 Prisma, EyeiUece Lensos Instruc- 
tions, AU optics cemonted and Per- z 

feet or near Perfect ... Set JplO./O 

LENS cleaning TISSUE— Hete is a Wonderful 
Gov't Surplus Buy of Perfect Pnpoi \Vhich was 
Miade to the highest Gov't Standards and speci- 
fications. 500 sheets, 

5l?e X 11*'..,. ... ... , 


$42.50 

$52.50 


♦ 

♦ 

♦ 

♦ 

♦ 


.$ 1.00 


Send stamp tor **Bargaitf' List. 


A. 


WE PAY THE POSTAGE 

JAEGERS 93 - 08 A 95 th Ave. 
tFASfVAno OZONE PARK 16 , N. Y. 



tional engines of Rowland. - (These are 
still m opeiation at Johns Hopkins Uni- 
versity, and still produce virtually all (.he 
larger giatmgs made in this country.) 
Since grating ruling is beset by many 
problems, none of the luendly competi- 
tors m the grating race has issued a 
schedule of pioduction. None has even 
promised to produce gratings. This is not 
evidence of famthoaitedncss, but ol wis- 
dom bom of otheis’ cxpcnoncc. 

E iTEPIECES made by Sir William 
Hcrschcl with tiny lenses only 1/45- 
inch in diainctei, one third that ol a pin- 
head, that gave a magnification of 10, 000 
diametcis on a six-inch reflecting tele- 
scope, were described in this dcpai tment 
last August. One modern writci was 
quoted who wondered how a present- 
day optician would proceed it loqmred 
to duplicate such extremely small lenses. 

It has been learned that several yeais 
ago H. E. Dali of Luton, England, suc- 
ceeded in slightly surpassing Heischel. 
The respective diameters are: Herschel 
.02 inch, Dali .016 inch. The loci aie: 
Herschel ,0111 inch, Dali .010 inch. 
Even when used alone, Dali s lens gives 
a magnification of 1,000 diameters. 

T hose who make Cassegraiuiaii tele- 
scopes must first make a concave 
spheiical primary and alter it to a parab- 
oloid, and then make a convex spherical 
secondary minor to anothei ladius of 
curvature, and at still greatei pains alter 
it to a hyperboloid Some years ago 
Dali, and also Alan R. Kirldiam, de- 
cided that this method demanded much 
unnecessary work, and that it had been' 
practiced for two centuries only as a 
bad habit. So they left the convex mir- 
ror spherical and, by altering the con- 
cave mirror to an ellipsoid, obtained as 
good a telescope as the Cassegrainian. 
This '"Dall-Kirkham” telescope, some- 
times misnamed 'The spherical secondary 
Cassegraiixian/' is now a firmly estab- 
lished timesaver. 

The amateur designer James H. Wyld 
of Denville, N. J., has now proposed a 


modification for which the name "wyld- 
alkiik” is suggested, lepiesentmg WykVs 
special ca.se of the Dall-Kirkham tele- 
scope. "No one/’ he writes, "seems to 
have thought of the equal-radius Dall- 
Kiikliam. The advantage that I see m 
it is the reduction m the number ot grind- 
ing tools. Tlic secondary, having a ladiiis 
equal to that ol the primaiy, would be 
used as a snbduimctci grinding tool for 
the piimary, oi as one of the grinding 
tools, a laigci tool might also he used 
for smoolhiivg. 

"The primary/^ he continues, "would 
1)0 polished U) a sphciical figure, then 
used, as suggoslcd by James G. Baker, 
as a test plate to figure the spherical 
secondary. Emally it would lie figuied 
Tat’ (null) by the Dall-Kiikliam test, 
with the light soiiice at the proper dis- 
tance U) give the nglit conoction. Then 
the whole would be assembled and col- 
limated. 

"I’ve woikcd out the proper coriec- 
tions, focal lengths and so on loi seveial 
difterent designs.” 

No way is known to make fascinating 
reading ol the bleak specifications that 
follow, except to telescope making en- 
thusiasts To them they will bo as inter- 
esting as they are significant. 

In the talile on the opposite page, 
unity is the radius of cuivature of the 
primary and, therefoie, of the secondary. 
Ail other dimensions, keyed by letter 
designation to the diagram above (which 
is not to scale) , are multiples of that unit. 

“Column 1,” Wyld writes, '"gives sepa- 
ration of piimary and secondary mirrors 
along the axis. 

“Column 2 gives the distance of final 
locus from the socondaiy 

“Column 3 gives the effective focal 
length. 

“Column 4 gives the minimum ratio of 
secondary mirror diametei to primary 
mirror diameter. (Add to Do a coriection 
equal to Sd/e./.L, where d is the diam- 
eter of the field lens of the largest eye- 
piece to be used; this correction is usu- 
ally approximately one half inch.) 

“Column 5 gives minimunl value of 
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Tosting the primary 


R/D^ (ior an OSC coma limit ot .0025) , 

'‘Columns 6 and 7 give positions oi' the 
source and knile-edge respectively when 
using the Kirkliam diiecl-local lest de- 
scribed in Amateur Telescope Making 

"Column 8 gives the primary collec- 
tion as a percentage oi usual parabolic 
coriection (for use in zonal testing of 
primary) . 

"A sample design for a 1 6-inch wyldal- 
kiik follows: 

"Take R/D^ as 10, to be on the safe 
side in regard to coma. 

"Take S as .341^ to avoid loo large a 
value of Do. (Since V is less than S, a 
diagonal flat must be used to divert the 
image to the .side ol llic tube.) 

"R is 10 X 16, or 160, inches radius. 

“S is .34 X 160, or 54.4 inches separa- 
tion. 

IS .2353 X 160, or 37.65 inches 
from the secondary. 

"Minimum diameter of secondary is 
.32 X 16, or 5,12 inches. 

“Correction to be added to this is 
.2353/.7353, or .32 inch per inch of eye- 
piece field-lens diameter. Taking the lat- 
ter as one inch, may be made 5)a 
inches. 

"The total ellcctive focal length is 
.7353X 160, or 117.6 inches. 

"The over-all focal ratio is 117.6/16, 
or/7.35. 

"The diagonal flat should be set for- 
ward of the secondary focal point by a 
little over half the tube diameter—say 10 
inches m the present example. This 


places its center about 27.7 inches back 
ol the sccondaiy. The size of the flat is 
best delennincd by a graphical layout ot 
llio rays, to scale. In the present case it 
will be about 2.3 by 3,3 inches, assuming 
a onc-inch eyepiece field lens 

“H the Kirkham diicct local lest is 
used to test the figuring ot the ellipsoidal 
piimaiy, the pinhole or slit shonkl be set 
6 378 X 160, or 1,020 inebes (85Tcet). 
The knife-edge or Ronchi grating should 
be set .5425 X 160, or 86.8 inches from 
llie inirroi, or a corresjDonding ‘dog- 
leg ray path by way ol the diagonal flat 
used for diveiting the beam. If the pii- 
maiy is tested by zonal tests at the center 
of curvature, the knife-edge motion 1)0- 
Iwecn center and marginal zones (for a 
fixed pinhole) is ,71 X 8-/160, or .28 
inch. Similarly, the knife-edge motion for 
the 50 per cent zone is .71 X 4^/160, or 
.07 inch, and so on. 

"A 16-iiich mirror could be ground to 
size using the 51a-incli secondary blank 
and a larger (10- or 12-mch) grinding 
and smoothing tool. These tools would 
be used alternately, to maintain good 
contact. 

"The primary and secondary must be 
polished on separate laps. The primary 
IS brought to accurate spherical figure 
first. Then the secondaiy is tested against 
it by interference and brought to a 
sphere. Finally the primary is brought to 
an ellipsoidal figure by the Kiikham test 
or zonal testing.” 

Who will pioneer the first wyldalkirk? 
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8 
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1' 
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.28 

.3929 

.8929 

.44 

8.00 

3.666 

.5790 . 

53 

.29 

.3621 

.8621 

.42 

8.15 

3 970 

.5721 

56 

.30 

.3333 

.8333 

.40 

8.30 

4.318 

.5655 

59 

.31 

.3064 

.8065 

.38 

8.45 

4.718 

.5593 

62 

.82 

.2812 

.7812 

.36 

8.59 

5.184 

.5534 

65 

.33 

.2576 

.7576 

.34 

8.72 

5.731 

.5478 

68 

.34 

.2353 

.7353 

.32 

8.84 

6.378 

.5425 

71 

.35 

.2143 

.7143 

.30 

8.97 

7.152 

.5376 

74 

.36 

.1944 

.6944 

.28 

9.10 

8.090 

.5329 

77 

.37 

.1757 

.6757 

.26 

9.23 

9.252 

.5286 
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, j For the first time an instrument capable of 

f serious astronomical research is available 

I ' for less than $200 00! The Saturn 3 Inch 

! Portable Refractors are precision made by 

* ‘ the West's largest makers of observatory 

instruments; objective lenses are highest 
grade precision ground, achromatic f-15 
crown and flint glass, all moving parts are 
precision machined 

Although the Saturn 3 Inch Refractor has 
i a 45 inch focal length, the instrument is 

; ' easily portable, weighing less than thirty 

' pounds, including tripod, 

Saturn 4 Inch Portable Refractors from 
I $345 00, larger instruments manufactured 

to order. 

Write for literature giving full informotlon 
on the Saturn Refractors. 
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WAR SURPLUS BARGAINS 

ASSEMBLE YOUR OWN BINOCULARS 
Save More Than Va Regular Cost 

GOVT.'S 7 X 50 
BINOCULARS 

CojnplQto Optics, coni- 
pluti* Metal Parts, Now 
and loadv fm aaf»etnbly 
Wo supply full Instruc- 
tions 

METAL PARTS— set In- 
chides all Metal Paits— 

LPinpJetoiy /intslied fvv 
ahnembly of 7 >t SO Bln- 
oculars No machlnlnfi: 
required A siurtly Bin- 
ocuiat Cairyinff case Is 
t)Ptl<>n.tl with each .sot 
of Metal Partis 
Steefe #S42-S— $39.40 
Postpaid, plus }ii4 «0 
for Case— Total S44.20 
OPTICS—Sol, IncludeR all 
Leii8c» and PilHma you 

Binoculaif, These are In oxeel- 
conditlonppcitoeL or near-perl oct— and hnve now low 
reflection coatinR'. 

Stock #5X02-$— 7 H 50 optics $25.00 Postpaid 

trhese are acandaicl AmerUan-iuade pnth>.. not Jun- 
uneao, French or Geiman.) 

Sln«t“ular Optics and Binocular 
Metal Paits, add 20% federal Kjfctso Tax to above pilccb. 

Also Govt. 6 X 30 Binoculars. Write for Catalog “S”, 

MOUNTED ANASTIGMAT LENSES 

Projectors., Enlargois, Copying Camoias Com- 
plete with Shuttei and Biaphragm. Value about $20, An 

INCLUDE FREE ILLUSTRATED 
BOOKLET on HOW TO MAKE YOUR OWN ENLARGX-IR. 
Stock #8004-5 Speed f/7.7, focal length approx 127 
mms Suitable foi pittuies., negatives, positives up to 

3Va" X 41 / 4 " $7.50 Postpaid 

Stock #8008-5 Speed of f/7 7, focal length approx, 
too rnmft Suitable for pictures, etc,, up to 2V4" x 

, ... ,, .$B.50 Postpaid 

Stock #8007-5 Speed of fyc.3, focal length approx 100 

nuns. $5.50 Postpaid 

SIMPLE LENS KITS'— THE LENS CRAPTER'S DE- 
LIGHT' Pun foi adults! Pun for children! Kits Include 
plainly wutton, Illustrated booklet showing how you can 
build lots of optical items. Use these lenses in photogmphy 
for copying, ULTRA CLOSE-UP SHOTS, Mlcrophotogrnphy, 
for ''Dummy Camera”, Kodacbrome Viewei, Uetnchabic 
lleHox View Finder for mni cameras. Stereoscopic 
Viewer, ground glass .and enlarging focusing aids, And 
for dozens of other use,s in experimental oiiUch, buiUllng 
TELESCOPES, low power Microscopes, etc. 

Stock #2-5—10 lenses. , .$1.00 Postpaid 

Stock #5-5—45 tenses . , $5.00 Postpaid 

Stock #XO.S— 80 lenses $10.00 Postpaid 

We have Liferally Millions of WAR SURPLUS LENSES 
AND PP.iFMS FOR SALE AT BARGAIN PRICES 
Wii.e for Catalog ‘'S"— SENT FREE! 

EDMUND SALVAGE CO. 

P. O. AUDUBON. NEW JERSEY 
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I N France ... in Italy ... all over Europe and Asia . . . there are 
people who need your help. Men, women, children who are poorly 
clothed and poorly fed. Hunger and disease arc widespread. The 
Marshall Plan is slowly rebuilding foreign economics. But recon- 
struction lakes lime. Thousands need your aid right now! 


Y OU can help through CARE (Cooperative for American 
Remittances to Europe, Inc.), a non-profit, government-ap- 
proved agency of 26 major American welfare groups. CARE assem- 
bles food and clothing textile packages, guarantees their delivery 
overseas, all at one flat fee — $10. Send CARE packages to relatives 
and friends. Send them to needy strangers — CARE’s memher 
agencies will select someone you will be glad to help. 


C ARE has a new 22i/^-pound standard food package, recctilly 
improved to contain more meals, more fats, more sweets. Other 
Care packages are: British, Greek, Italian, Oriental, kosher food 
assortments; infant or baby food; baby layette; knitting wool; wool 
blankets; household linens; wool suiting, with the sewing acces- 
sories to turn it into warm clothes. Just mail your ordei* — CARE 
docs the rest 1 



Deliveries to: 


Ne\y Food Package: 


Austria 

Belgium 

CaeohoflloTakia 

Fiu'land 

France 

Gemany (Ameilcani 
British, French 
aones. all Berlin) 
Greece 


Great Britain (EnglaiKl, 
Scotland, Wales, 
Northern Ireland ) 
Hungary 
Italy 
Japan 
Korea 

Netherlands 

Okinavva 

Poland 


1 lb 
llh 

% lb. 
% lb. 
% lb. 
%lb. 

2 lbs. 
1 lb, 
I lb, 
11b. 


Beef in Beef Broth 
Steak and Kidney 
Corned Beef Loaf 
Lher Loaf 
Bacon 
Prem 
Margarine 
Swift’ ning 
Apricot I*resGTVes 
Honey 


1 lb Kaislns 

1 lb. Chocolate 

2 lbs. Sugar 

Vj lb. Egg powder 
2 lbs. Milk I'owder 
' 2 IbB, Coffee 
2 Iba, Flour 
2 lbs. nice 
12 oz Soap 


CARE • 50 Broad St., New York^ 4, N. Y. 
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PROGRESS THROUGH CHEMISTRY 


progress = aef‘ivity today , 


. assurance for tomorrow 


This chart shows the progress of Davison 
during the past ten years,,, the straight 
line shows the trend. Working for — and 
with — industry land agncdlture Davispn 
ha| steadily increased its scope until 
today its products and processes enter 
int<j> every phaie of modem life. Davison 
production is geared to the needs of the / 
fim'es— while Davison research ‘blazes the' 
trail for the future — anticipating and meejt- 
ing the needs of tomorrow. Ddvison reseanjh 
is available for your planned future. j 
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CjUis Da|^; Maryland, Ploijt 
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6m Catalysts|fdr the Petroleurr Industry 
I TTPhosphoTe Rock Mine, BdrtDW, Florida 


Catalyst Plant, Cincinnati, ©hio 
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RCA scientists develop new diiect- reading Loran insliurncnt 
which simplifies problems of navigation. 

7/^e Mnominiy c^OBs io sea 


Now science gives the navigator an 
iinpio\x‘cI "homing pigeon instinct” 
a way which — without checking the 
sun or the stai s— he can head his ship 
directly home. 

Alicady thoioughly piovccl, Loran 
ecfuipmcni has been simplified through 
RCA research and engineeiing, so that 
almost anyone can leain to use it in a 
few minutes. Free of human ciroi, read- 
ings appear dirccily on the inst. ument. 
A quick check gives position. 

Biain of this Loran system is a circuit 


developed at RCA Laboratories which 
splits seconds into millions of parts — and 
accurately measures the difference in the 
lime it lakes a paii of radio signals to tiavel 
from shore to ship. 

Given this information, the navigator, 
hundreds of miles from shore, can de~ 
teimme his position quickly and accu- 
lately. Loran’s simplicity adapts it to 
every type of vessel from mei chant ship 
to yacht. Manufactured by Radioinaiinc 
Coiporation of America, a service of 
RCA, it is alieady being installed in 
U S. Coast Guard lescue ships. 


The meaning of RCA research 

RCA’s contribution to tlie development 
of this new diiect-ioading Loian is 
anothei example of the continued lead- 
ership in science and engineering which 
adds value beyond price to any pi o duct 
01 seiviee of RCA. 


The neiceU advances in leleoisum, radiOy 
and clectwnicci can he seen in aaliim at 
RCA Exhibition Ilalh S 6 \Ve.st -I )i!\ 87., 
N. r Adinmion h free. Radio Corporation 
of Amcnca, RCA Buildings Radio Ciiin 
N. Y. 20 . 
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Sirs. 

The case for national compulsory 
health insui ance, as pi esented by Michael 
M. Davis in your June issue, is based 
almost entirely on the thesis that the ris- 
ing costs ot medical care are of growing 
concern to the American people and 
that there is a serious economic barrier 
between patients and doctors. 

Comparing the present with the era 
of his boyhood, Mi Davis reported cor- 
rectly. “Medicine is now far more effi- 
cient. it saves more lives, alleviates more 
suffering, and has greatly prolonged the 
hfe span. But its cost is . , . higher/’ 

It is true that the cost of medical 
care has increased during past decades 
and in the leceiit inflationary years. 
During those same periods of time, how- 
ever, there also have been marked in- 
creases in the costs of all goods and 
services and in the income of the Ameri- 
can people, Moi cover, the cost of medi- 
cal care has risen much more slowly in 
recent yeais than the cost of living. 

According to the United States Bu- 
reau of Labor Statistics, the cost of living 
in 1947 was 71 per cent above the base 
period of 1935-1939. The same Con- 
sumer’s Price Index showed that the cost 
of all medical care items, including hos- 
pital room rates, was only 41 per cent 
above the base period. Physicians’ fees- 
alone were only 36 per cent higher. 

The American people, in other words, 
have received far gentler economic 
treatment from the providers of medical 
care than from those who dispense most 
other goods or services. Merely to cite 
an increase in the cost of medical care, 
without relating it to a rise in all prices 
and in income, does not constitute a valid 
argument for a nation-wide system of 
compulsory health insurance. 

If it does, then it follows logically 
that the greatly increased costs of meat 
and milk, suits and dresses, and houses 
and apartments call for the use of com- 
pulsory taxation and Government con- 
trol in the distribution of food, clothing 
and shelter. Day after day, and year after 
year, proper food, clothing and shelter 
are even more essential to life and health 
' than are the services of physicians, 
dentists or hospitals.* 

As to the economic barrier between 
patients and doctors, the undramatized, 
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umm'iiished tiuth is that most Ameiicans 
can afford adequate medical care— either 
by duect payment or thiough voluntary 
insuuince-if they budget their incomes 
relative to necessities and luxuries. 

The independent, impartial Brookings 
Institution, m its 1948 report on a eaie- 
ful study of “The Issue of Compulsory 
Health Insurance,” said that “A i da- 
tively small pioportion of the families 
have vciy high medical costs that con- 
front them with serious financial prob- 
lems.” The repoit also pointed out: “On 
the average medical care is not a big 
item. In most income classes it amounts 
roughly to between 4.0 and 4.5 per cent 
.... In both 1935-36 and 1941 the avail- 
able figures show for all income classes 
with total incomes of $1,500 a year or 
over that savings exceeded expenditures 
for medical care.” 

Among its conclusions and recom- 
mendations, all of which were unfavor- 
able to compulsory health insurance, the 
Brookings Institution reported: 

“The large majority of American 
families have the resources to pay for 
adequate medical care if they elect to 
give it a high priority among the sev- 
eral objects of expenditure. The issue is 
not whether they can afford medical 
care but whcthei they should be com- 
pelled by law to pool their risks to give 
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payment loi medical caie a top piionty.” 

The above conclusion is borne out and 
well illiistiatcd by the United States 
Department of Commeice statistics on 
consumer expenditmes in 1947. The 
Ameiican people m that year spent a 
total ol $6.5 billion for medical caie, in- 
cluding physicians’ services, hospitals, 
dings and simdiies, dentists’ sci vices, 
and all othci medical caie. At the same 
time they spent $9.6 billion for alcoholic 
bevel ages, $9 4 billion for recieation, 
$3.9 billion lor tobacco, $2.3 billion for 
peisonal caie (toilet articles, beauty pal- 
lors, etc.) and $1.5 billion loi jewelry. 

In otlier woids, the American people 
chose to spend one and a half times as 
much for alcoholic beverages as for 
medical care and another one and a half 
times as much for recreation. They de- 
cided that they could afford moie than 
twice as much for tobacco as for the 
services of physicians. They spent con- 
siderably moic on personal care than on 
care icceived from physicians. 

Those wcic not the decisions of the 
medical profession, ol any other group 
offering medical and allied services, or 
ol any Goveininent bureau, Tliey were 
the decisions of 147 million people, act- 
ing Irecly and without compulsion. The 
American people spent only 4 per cent 
ol their budget on medical care, not 
liecaiise they wcie unable to spend moie, 
but because that is all they chose to 
spend. That 4 per cent ratio has held 
true, with only slight variations, in eveiy 
year since 1929. 

The economic facts demonstiate 
clearly that the vast majority of Ameii- 
cans are financially able to budget medi- 
cal costs. The element of free choice is 
involved in all consumer expenditures. 
The logical objective at this point is to 
convince the people that the costs of 
medical care can and should be budget- 
ed— in a prepaid, methodical manner and 
at a low cost. The physical and financial 
health of the nation does not justify a 
compulsory tax for one particular 
service. 

At the bottom of the economic ladder 
there are some individuals and families 
who are unable to pay lor adequate 
medical care. They also are unable to 
provide tor other necessities of life. In 
the future, as m the past, their medical 
care must be supplied through public 
funds or private philanthropy. Their un- 
fortunate status is a special economic 
and social problem completely unrelated 
to the case for or against compulsory 
healtli insurance. 

Mr, Davis wrote in his article that 
“the basic facts about medical economics 
in the U. S. were firmly established in a 
five-year study between 1927 and 1932 
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When Purity is a jMust • 
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Assay 1 

99.00% Mm. 

MAXIMUM LIMITS OF livj 

PURITIES 

I 

0.01% Max. 

SO4 

|0.05% Max. 



0.005% Max. 

Heavy Metals (as Pb) • J 

|0.005% Max. 
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The search for exceptional 
purity and quality in reagent chemi« 
cals is endless. 

F or its guide posts. Baker & Adamson 
follows the pre-determined specifica- 
tions of the American Chemical Society 
governing reagents suitable for careful 
analytical work. These impartial 
standards point the way to production 


of the best in laboratory chemicals. 

In cases where A.C.S. specifications 
have not been established, B&A devel- 
ops its own equally strict standards of 
quality. As a result, chemists every- 
where know they can depend on Baker 
& Adamson for reagents that are 
made to meet or exceed A.C.S. purity 
requirements ci?ery time. 


The product featured here is typical of 
what B&A research, development and 
production seek to achieve in outstand- 
ing purity. The examples are many . . . 
all are proof that when you want the 
finest in laboratory chemicals, it’s wise 
to “^specify B&A’—the reagents that 
are identified by the B&A ‘‘Shield of 
Quality.” 




GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAI & DYE CORPORATION 
40 RECTOR STREET. NEW YORK 6, N. ^ ^ m, mm 

Offices: Albany'’' • Adanu • Baltimore • Birmingham* • Boscon* • Bticlgcporc * BuWo* ^ Charlotte* 
Chicago* • Cleveland* • Denver* • Detroit* • Houston • Kansas City • los Angeles* ♦ Minneapolis 
New York* • Philadelphia* * Pittsburgh* • Pordand (Ore ) * Providence* * Sr. Louis* * San Pjcgncisco* 
Seattle • Wenatchee (Wash ) • Yakima (Wash.) 

In Wisconsin General Chemical Company, Inc . Milwaukee, Wis, 

In Canada; The Nichols Chemical Company, Limited • Montreal* • Toronto* * Vancouver* 


* Complete stocks are carried here. 
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How 5,000 pictures per second 
helped study steam formation 



Phenomena Studied with the Fastax 

The Dearborn Chemical Company, pio- 
ducer of foam inhibitors for boiler feed 
water, uses a 16mni Fastax high speed 
moUonpicture camera to study phenom- 
ena associated with steam generation 
and the action of foam inhibitors in 
feed water. 

Tbeir studies have helped clear up 
important questions about the forma- 
tion, growth and coalescence of hubbies 
and the action of organic foam inhibitors. 



Eniargament of a lAmm Fastox frome showing bubbles 
rising from a Nichrome heating strip in a foaming 
solution. The bubbles resist coalescence. 



Mler adding Dearborn anti-fooming agent, bubbles 
coalesce raptdiy, become fewer, larger, loth pictures 
were taken at 5,000 frames per second. 


How You Can Use the Fastax 

Almost any phenomenon associated 
with rapid movcnicut can be studied 
with high speed motion pictures. Light- 
ning,rocketlaunching,muscularspabiriB, 
combuation cliaracteji&tios, tlie effect 
of centrifugal force on rotating parts — 
these are but a few of the fastcr-lhan- 
llie-oye actions which the Fastax slows 
down for detailed study. 

Small, eanily portable (25 Ihs.), ibo 
Fastax is a scienidic inalrumenl readily 
operated and mainlainod by the non- 
professional photographer. For 
literature, or to borrow a lOniiii silent 
demonstration film, free of charge, use 
the coupon below. Please allow four 
weeks for delivery of the film and select 
an alternate dale. 



FASUX CAMERAS AVAIUBIE 
IH 2 SIZES AND SPEED RANGES 

8mm “300 to 10,000 frames per second 
16mm“150 to 5,000 frames per second 


Western Electric 




TO BORROW 
FREE 16 mm silent 
demonstration film, 
l^^^^^^^end this coupon today. 

DISTRIBUTORS: tNTHE TJ. S. A,— 
Graybar Electrio Co, IN CANAI>A 
— Northern Electric Co., Ltd. 


QUALITY 
r 


COUNTS 



Graybar Electric Company 

420 Lexington Avenue, New York 17, N Y. 

n please send me literature on the Fastax Camera. 

□ I want TO borrow the Fastax Film on 

(date) or (alternate date). 

NAME— 

COMPANY— 

ADDRESS 

aXY 
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by the Committee on the Costs of Medi- 
cal Caic, which was headed by Di. Ray 
Lyman Wilbur and suppoited by eight 
huge toimdalions,” The Committee, Mi 
Davis continued, concluded that future 
medical service in this countiy should be 
liascd on pooled risks, chiefly thioiigh 
volunUuy health insurance. 

Tliat IS exactly the progressive, evolu- 
tional y development which is now mov- 
ing ahead at a giatifymg, constantly 
accelciated pace, with the approval and 
support of the medical prolession. 

According to the most leccnt figures 
which have come to my attention— a sur- 
vey foi 1948 by the Life Insuiance Asso- 
ciation ol Amciica— voluntary insuiance 
now coveis 61 million Amciicans toi the 
cost ol hospitalization, 34 million foi 
surgical benefits, 13 million for medical 
caie, and 33 million loi loss of time in 
the event of sickness or accident 

The figuies aie inci casing by the thou- 
sands daily. The Blue Shield medical 
plans alone, for example, grew by some 
thiee million new members in 1948. 
The combination ol Blue Cross hospital 
and Blue Shield medical coveiage, 
which at last report protected more than 
35 million people, is enrolling new mem- 
bers at the lale ol some 1 (),()()() per clay. 

Blue (boss. Blue Shield, the insuiance 
companies and the various other sound 
])uvale agemcies m the health iusmance 
Held are woikmg eonslauUy to extend 
bcnefils, to provide individual coverage 
more broadly and to set up protection 
against catastiopbic illness at actuaii- 
ally sound rates. This healthy com- 
petition means maximum etwerage foi 
the American people at minimum rates— 
on a sound iusuianoc basis rather than on 
a basis of compuLsoiy taxation and Gov- 
ernment legulation. 

The cost of voluiitaiy health insur- 
ance already is low and well within the 
financial reach of most Amciican indi- 
viduals and families. In the opinion of 
expenencod admmistialois of voluntary 
piograms, 75 per cent of tlie national 
population can be piovkled with sound, 
ade (plate coverage within the ncai 
future, if ciurcnL progress is allowed to 
continue without Government inteifei- 
ence Blue Cioss hospital plans, as an ex- 
ample of what can be achieved, already 
aie protecting 75 per cent of the people 
in at least one state and m some cities. 

In view of all these highly promising 
developments undci our present medical 
and economic system, we agree com- 
pletely with the closing statement in Mr. 
Davis’ article: to the effect that all 
thouglitful men must keep cool minds 
to weigh the issues in this question of 
compulsory versus voluntaiy health in- 
surance. 

ELMER L. HENDERSON, M.D. 

President-Elect 

American Medical Association 

Louisville, Ky. 
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G’E Germicidal Tubes 

help prevent Product Contammatton / 






1111 




•I l( II M..1 






Ov \^f. 




}^\ t 







^'!;:wi!i: 


FACTS YOU SHOULD KNOW 

General Electric Germicidal 
Tubes produce ultraviolet 
energy. They are used for air 
disinfection. 

G-E Germicidal Tubes kill 95% 
or more of the germs in the air 
through which the energy passes. 

Because germicidal energy may 
irritate human eyes and skin, 
G-E Germicidal Tubes must be 
used in properly designed and 
correctly installed fixtures. 


General Eieclric Germlciclal Tubes 
ore available in four sizes, 4 watts, 
8 watts, 15 watts and 30 watts. 




Preporing penicillin in air disinfected with G-E Germicidal Tubes 

\ Today the purity of many life-saving drugs is being 

;A protected by the invisible energy of General Electric 

Germicidal Tubes. 

From those long, slender tubes comes potent ultra- 
violet energy that kills 95^ or more of germs in 
the air through which it passes. In drug laboratories, they 
help protect products from being spoiled by bacteria, 
viruses and mold, and are an added safeguard for the health 
of the workers. 

General Electric makes four different sixes of Germicidal 
Tubes — from 4 to 30 watts. If you have a spoilage problem 
in your plant, perhaps G-E Germicidal Tubes can help. 

Write for further information and a> free booklet ^'Air 
Sanitation with G-E Germicidal Tubes/' Address General 
Electric, Nela Park, Dept 166- SA^Cleveland 12, Ohio. 


GENERAL 



ELECTRIC 
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S EPTEMBER 1899 "Chemists admit 
that the nature of valence is one of 
their chief puzzles, and they Iiave 
advanced but little toward its solution 
duiing the past half century. For a long 
time there was much straining to con- 
sider the valence of an element always 
the same, but this effort is, in large meas- 
ure, abandoned now as unavailing, and 
chemists admit that valence is not con- 
stant but variable, and may even vary 
toward one and the same element. This 
line of reasoning has led Lothar Meyei 
to doubt the unvaiying natuie of the 
atom itself. The case cannot he so hope- 
less as to necessitate calling to our aid so 
dangerous a doctrine/' 

»■ 

"The role played by the mosquito as a 
canying agent of the malarial paiasite 
from man to man seems to be restricted 
to one genus, the Anopheles. Major Ross, 
of the Liverpool School of Tropical Dis- 
eases, in a telegram from Sieira Leone, 
announces the fact that he had found the 
Anopheles there, and that it may he the 
intermediary host of the quartan malarial 
fever " 

“The recent war has imposed upon the 
United States responsibilities that are en- 
tirely novel and of fai -reaching conse- 
quence, The battle of Manila sounded 
the death knell of our policy of isolation, 
and the treaty of Paris so greatly ex- 
tended the borders of our possessions 
that they may now be said to be conter- 
minous with those of every nation that 
has a fighting ship afloat upon the high 
seas/' 

"According to The Chemical Neios, 
Prof. Dewar has succeeded in solidifying 
hydrogen into a glassy, transparent 
mass/' 


"There are now over 7,000 owners of 
automobiles in Europe, and the number 
of vehicles is, perhaps, 10,000, and of 
this number, there are no fewer than 
5,606 in France. For the remainder of 
Europe the figures are not very com- 
plete. There are 268 owners of automo- 
biles in Germany, 90 in Austro-Hungary, 
90 in Belgium, 44 in Spain, 304 in Great 
Britain, 111 in Italy, 68 in Holland, 114 
in Switzerland. It is impossible to state 
at the present time how many automo- 
biles are in this country. It is estimated 


so m 100 



that tlic numbei is 500 We think that 
300 or 350 would be neaier the figuie. A 
huge number of concerns aie preparing 
to turn out cainagcs of all kinds in large 
quantities, and within two years we can 
number oui carriages by the thousand,'’ 

"Prof. W. W. Campbell has discov- 
ered that Polaiis, familial ly known as the 
North Star, embiaces three distinct 
bodies: ‘The recent obscivations of Po- 
laris, at Lick Observatoiy, show that its 
velocity IS variable. It is approaching the 
solar system now with a velocity of 8 
kilometers pei second, This will increase 
in two days to 14 kilometers, and in the 
next two days will decrease again tO‘8 
kilometers. This cycle of change is re- 
peated eveiy four days. The bright 
Polaiis, therefoie, revolves about the 
center of gravity of itself and its invisible 
companion once in four days. The mbit 
is nearly circular and is comparable in 
size with the moon's orbit arcnuid the 
earth. Both companions of Polaris are 
invisible, but their piescnce is proved by 
disturbances which their attractions pro- 
duce in the motion of the bright Polaris/ " 


EPTEMBEH 1849. "Sii- John Simp- 
son has returned to Montreal from 
his annual tour of inspection 
through the Hudson's Bay Tenitories 
and Northwestern settlements of this 
Continent. We learn with regret from 
him that no clue had been, obtained to 
the whereabouts, or the fate of Sir John 
Franklin and his gallant companions.’' 

"Some very successful experiments 
have been made this year and last, in the 
central and northern parts of Illinois, in 
the cropping of wheat on new praine 
lands. Near New Caitliage, in 1847, Mr, 
A. Hamilton broke 100 acres of new 
prairie, finishing about the 1st of August. 
From this 100 acre tract he cut and se- 
cured 2,300 bushels of good wheat, los- 
ing enough, he thinks, through inability 
to harvest it in season, to have made the 
whole average 30 bushel to the acre.” 

"The celebrated Prof. Agassiz, re- 
marked that Zoologists, in their investi- 
gations, have sadly neglected one side of 
their subject. In studying animals in gen- 
eral, he continued, it has been the habit 
to observe them only in the full-grown 
condition, and not to look back at tlieir 
earlier stages. Precise investigations of 
the subject are utterly neglected. But 


thcie is one point which has been most 
thoroughly investigated, foi a period of 
twenty-five ycais, viz , the early changes 
within the egg. We find that young ani- 
mals, ol almost all classes, within the 
egg, differ widely fiom what they aie in 
their full-grown condition. We find, too, 
that the young bat, or bird, or the young 
SCI pent, in ceilain pciiods of then 
growth, resemble one another so much 
that he would defy any one to tell one 
from the oihei—or distinguish between a 
bat and a snake, or a robin and a bat.” 

"Prof. Pieice observed that there had 
been a century of accurate observations 
upon the phenomena of Comets, so that 
the inquiiy may now well come up, 
whether they aie component paits of the 
Solar System, oi sli angers visiting us 
horn other systems. His own opinion was 
that they aie component paits of our 
own system. 14c came to this conclusion 
stiongthcned by two classes of aigu- 
menls— the fiist arising horn the naUne 
of their orbits, from their not being hy- 
pcibolic.” 

"The giowth of American cities is un- 
paralleled in the history ol the world. 
Already half a million are embraced 
within the limits and suburbs of New 
York; and neaily foui bundled thousand 
m that of Philadelphia. The second child 
boin in Cincinnati, it is said, is still liv- 
ing, and has not reached tlic middle age 
of life. The city has a population of more 
than one bundled thousand. Chicago, a 
place scarcely known on the latest maps, 
has already i cached a population of 
eighteen thousand; and Milwaukie, of 
still moie recent origin, is rivaling it in 
Its growth and population.” 

"Mr. Penington, the original piojector 
of a flying machine to navigate the air, 
which has been noticed by us before, has 
returned from the far west, wheie he has 
been making some experiments on the 
great prairies. The Baltimore Stm i egrets 
to say^hat he has not been sufficiently 
successfu) to enable him to come back in 
his own carriage. <He is, however, san- 
guine of fully succeeding eventually m 
making a voyage to California, or even to 
Europe, in his car, through the air. A 
large machine of this kind is now build- 
ing near this city, by Mr, Robjohn. The 
canvas is all ready, and is about 80 yards 
in length and 50 in diameter. We await 
in' calm contemplation the mighty results 
of tliis enterprise.” 
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Carrying hundreds of telephone calls, coaxial 
cable runs through many lonely miles. Far from 
towns and people, master amplifying stations 
stand guaid with a new automatic alarm system 
developed by Bell Telephone Laboratories. 

At a city terminal, the man on duty makes a 
check by laying a transparent log sheet over a 
glass window, and dialing a master station hun- 
dreds of miles away. At once the station begins to 
give an account of itself, lighting lamps under 
the log sheet to report any abnormal operating 
condition before it becomes an emergency. 


But when something happens that threatens 
serious trouble, the apparatus acts at once — 
maybe by switching m a spare coaxial — and calls 
a distant test board by ringing a bell. Sometimes 
he can take further steps by remote control; if 
not, he knows exactly how to brief the nearest 
repair crew. 

With this new alarm system, maintenance 
men need not be stationed at isolated points, 
just waiting for something to happen. Instead, 
they live m their home communities. This makes 
for better work . . and better telephone service 


BELL TELEPHONE LABORATORIES EXPLORING AND INVENTING. DEVISING 
AND PERFECTING. FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 





























































































World’s largest 

all -electronic analog computor 

New installation at NACA Laboratory tests 
jet engines before they^re built! 


When you can predict the performance and control characteristics of a 
jet engine before it's built, tremendous savings m time and costs can be 
made. So the NACA’s Flight Propulsion Research Laboratory asked GAP/R 
to build a new Electronic Analog Computor that would '‘construct” new 
engine designs directly from drawing board specifications. GAP/R’s answer 
to the problem is shown below. In 1/240 of a second this electronic giant 
solves complex problems involving automatic control of jet engines and 
other jet-powered devices, each of which would require weeks if done by 
other methods. The effects of disturbing elements, such as a change m 
altitude or fuel mixture, are displayed on oscilloscopes where they may be 
readily measured and interpreted. 
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GAP/R aids many fields of industry and science by constructing analogs 
that provide a fast and efficient method of solving dynamic problems by 
going directly from problem to solution. If you have a tough design or con- 
trol problem to crack, write today and find out how GAP/R services can 
help you. 





GAP/R makes them 
small, too ! 

K-3 ANALOG COMPUTOR COMPONENTS 

A new, exclusive development 
of GAP/R research! Individual 
^ Components — each embodying a 

^ specific mathematical or dynamic 

operation. — may be assembled like a block dia- 

gram containing functional relationships between 
variables . . . bring new versatility to electronic 
analog applications! Write for bulletin. 






THE COVER 

The piUnting on the covei shows some 
ol the oigunisms used in llie woik ol' 
the Mamie Biological Laboratoiy m 
Woods Hole, Mass, {page J3). Then 
chmeusions can be judged by the 
ihrec-mch watch glass in the Icll fore- 
ground, which holds a sliarp-spined 
sea urchin. Behind it on the pitted 
wooden sink is one of the standard 
glass tanks used in all of the MBL’s 85 
sepaiatc laboratories. Sea water runs 
through the tank to sustain the marine 
organisms kept there. The speckled, 
green-eyed eiealme oxtendnig out ot 
the piclme to the right is a Woods 
Hole s(pxid, Loligo pealii Posse.ssing 
the laigest known neivc fillers, with 
single cells two to three inches long 
and close to a millimeter thick, it is 
used in study of the ueivous system. 
Two moie scpiids can be dislin- 
guislied in the background. Besting 
on the bottom ol the tank is a sea 
anemoue with leddish stinging tenta- 
cles. To Us left IS some living coral. 
Another piece ol coral sits on llic sink 
in front of the Lank at the far rig] it. 


THE ILLUSTRATIONS 

Cover liy Stanley Meltzofl 

Pago 

Source 

13-17 

K. Chester 

19 

Erie Mose 

20-2 1 

F. B. Bang and G. O. Gey, 
The johns Hopkins Univer- 
sity Medical School 

23 

K. Chester 

24 

Jiilms Spector 

34 

K. Chester 

36 

William Aucrbach-Levy 

37 

National Bureau of Standards 
(top), K. Chester (bottom) 
Eric Mos’c 

38-39 

40-41 

Vfoiml Wilson Observatory 

42-43 

National Film Board of Can- 
ada 

45-47 

David Stone Martin 

49-50 

James Lcwicki 

51 

David E. Green 

53 

F. W. Went 

56 

Kurt Safranski 

62 

Lyle T. Johnson (loft), Jo- 
seph F, Odenbach (right) 

63 

Joseph F. Odenbach 







I F you ar(5 earning about $5, ()()() a year, you have rcacljccl 
the nlost (liiival stage ol youi business career, 

Few men are paiil that aniounl unless they are fwlcih 
{ ia I ly wo rth $ 1 0, 000. 

It means someone above you (hinks you arc capable of 
making al least twice your present salary. But jyrni have 
to I ) rove h! 

Five thousand dollars is not a terminal — a man goes 
on or back. Clerks can be lured lor less; executives can 
demand more. 

If you have the resolve and the ambitlou to pass the 
.$5, ()()() barrier, the Alexander Ilamiltoti Institute cun 
help you. If you do not have those qiiuhtlcs, nobody 
can help you. 

HOW TO BRIDGE THE GAP 
Ileic, brielly, is the Iiistiiutc’s fimction: It stimulates 
your desire to forge ahead, awakens hidden abilities, su[)- 
])iies the training and knowledge every executive must 
have. It shows you, hy practical examples, the methods 
and procedures followed hy management. It enahlcs 
you to /i/vdgr fho gap hetwem yon v pmont job and the one 
above. 

Don’t misunderstand. The Institute works no miracles, 
opens no magic j)ortals to quick and easy success; it will 
not double your income williin a few monilis. Nor will i( 
make C(>r[)oratHm presidents of men who are clerks at heart. 

But to the man who seeks a sound and realistic pro- 
guun to speed up Ids progress in business, the Institute’s 
Modern liusiness Course and Service is ideal. Ideal l)e- 
caiLse it fits (he new concept of management, prepares 
men to handle the /r/rg^:r opportunities of business. 

Suppo.se tlie management of your company met to 
select a new vice-presicleut, Factory Manager, Sales Man- 
ager or Personnel Director. Suppose yon were a possible 
clioice for one of those positions. 

Arc you qualified to .stey) into sucli a job? Is your 
knowledge bxoad enough to meet the reijuiremeuts of an, 
executive position— or do you know little of business 
outside of your own department? 

Will you be qualified two years from today? 


(>nly men who understand the fimdameiUal j)rincl])lcs 
of all departments of hu.siness can safely be trusted with 
important administrative resyionsibilities. 

'The Institute offers you a yiractical, couccutratccl means 
of obtaining that knowledge in your spare time. 


SEND fOR FREE BOOKLET 

So ku as it has becii ])i)ssil>lc to do so, the Institute’s^ executive 
(raining plan Inis ))ecn outlined arul (lesen))ed in an inteicsting 
Ixjoklct tilled “^‘Forging Ahead iii business.” 

'f’liere is no charge lor this little book heeuusc it is worth only 
what you make it woith, vSoiuc men glance tluough it and toss it 
aside; oiiieis have found a fortune in its pages. It is a serious book 
about a seiious subject; as such, it holds nothing fur the meicly 
cunoiis. 

But It contains a iiiessagc of la.sting* slgailiauiee 
to men wlio arc couoeuied about wlieie they' arc 
going in Imsincs.s, and how they are going to gel 
there. To men oi llus type, coynes of ^T'\)rging 
Ahead in Business” aie available without cost m 
obligation, Simply fill in and rclurn tlic coupon 
])<‘low. 



ALEXANDER HAMILTON INSTITUTE 

Dept 68,^, 71 West 23id Si,, New York 10, N. Y. 

In Canada' Wellington St., West, Tmonto I, Out. 


Ar.EXANDRR Hamilton Institute 

Dejit. 68.'), 71 West 23id Street, NewYoik 10, N.Y. 

Ill (kuiada: 5*1 Wcllingtou Street, We.sl, Toionto I, Out, 

Please mail me, without co.st, a copy of the ()d-i)age book— 
'TOllCING AHEAD IN BUSINESS.” 


Name 

Finn Name 

Business Address 

Position. 

Home Address. . , 
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Ai)v Sf^hu|4 ilit/ ^tH£S 

. . . IMPROVED BY HIGH VACUUM 


AT several famous watch factories 
jL\ hair springs and mam springs 
emerge from the vacuum annealing 
furnace with a bright finish. Thus, 
cleaning operations that are costly 
to the manufacturer and tend to 
weaken the springs are eliminated. 

Jet engines impose terrific heats 
and stresses which quickly would 
melt or tear apart ordinary metals. 
The high vacuum furnace with its 
freedom from oxygen and other air 
gases is the invaluable tool of the 
metallurgist to produce the metals 
which help make possible the har-t 
nessing of jet power. 

Uses for high vacuum seem un^ 
limited. New high vacuum tech- 
niques are constantly finding their 


way from the laboratory into science 
and industry. 

Lenses, insulating paper, plastic 
forms, metal castings are beautifully, 
uniformly, and inexpensively coated 
by vaporizing gold, silver, chromium, 
and other metals in high vacuum 
chambers. 

Substances once thought undis- 
tillable are fractionated in high vacur 
um stills. 

Precious biological cultures are 
dehydrated under high vacuum to 


multiply four-fold the length of time 
they keep their potency in storage. 

Manufacturers of refrigerators pro- 
duce more dependable products by 
employing high vacuum. Electronic 
tubes last longer the higher the 
vacuum achieved in them. 

It may pay you to look into high 
vacuum techniques. The experience 
of DPI research men and engineers 
and the DPI line of high vacuum 
equipment are available to all in- 
dustries. We invite inquiryj 


Distillation Products, Inc. 

Subsidiary of Eastman Kodak Company 
751 RIDGE ROAD WEST, ROCHESTER 13, N- Y. 

Distillexsoi Oil-Solubh Vitamins and Other Concentxcttes for Science and Industry: 
Manulacturera oi High -Vacuum Eqiiipment, 
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T/jc Leyth 



Between 1745 and 1760 divers Euro- 
peans were experimenting excitedly 
with The Leyden Jar, Dr. Priestly 
declared its discovery to be *The most 
surprising yet made in the whole 
business of electricity.’’ 

Early in 1747 Peter Colhnson, fellow 
of the Royal Society, sent an ' 'electrical 
tube” to his friend, Benjamin Franklin, 
in Philadelphia. As usual Dr. Franklin 
had some ideas of Ihs own"*" and used a 


Leyden Jar in his famous lightning-kite 
experiment. It was Franklin who 
identified the principle and improved 
on the jar with the simple ^'Franklin 
Pane,” a piece of glass with tinfoil on 
each side. Today’s condensers are 
practically piles of Franklin Panes. 

■♦Puckisli old Ben. even made a "magic portrait” 
of tKe King out of metal on glass with a remov- 
able crown. When an uninstructed person at- 
tempted to remove the crown he received a 
"tremendous shock ” This served as a warning 
for too ardent patriots. 



at s better. 



It was Franklin who took the first step 
toward the modern condenser. The most 
recent step in its improvement has been 
taken by Smith Paper, Inc. of Lee, Mass. 

Smith has been making very thin 
papers^ for years — papers as thin as 
.00025 in. With the growth of electronics 
Smith’s condenser paper became a 
product of considerable industrial 
importance. 

An ordinary condenser is a roll of 
many alternate layers of conducting 
metal and non-conducting paper each 
of which, for compactness, should be as 
thin as possible. But there are limits to 
their thinness for should a momentary 
overload break through the insulator 
the condenser is short circuited and 
ruined. 

Now, with the help of National 
Research, Smith has found a way to 
greatly reduce the size of condensers 


and prevent most shorts at the same 
time. In our continuous coating ma- 
chines Smith evaporates metal under 
high vacuum. The metallic vapor, 
deposited on a moving strip of lacquered 
paper, forms a conducting film only 3 to 
6 millionths of an inch m thickness. 
This is only 1/50 of the thickness of the 
foil formerly used. This metal-coated 
paper is also self-healing. If a momen- 
tary excess of voltage should puncture 
the paper the zinc coating vaporizes 
and recedes from the edge of the hole 
where it can make no contact with the 
next conducting layer. Extra layers of 
paper for insulation insurance are no 
longer necessary. 

So, with 1/50 of the conductor and a 
half (or less) of the insulator the new 
Smith paper saves about 75% in the 
bulk of the finished condenser. Such a 
decrease in size and increased life 


j mjd condciiscx' 


expectancy are great advantage.s to all 
makers of television and other electronic 
equipment. 

Isn’t it cheaper to make a bettor 
product than to promote an ordinary 
one? We at National Research believe, 
by the evidence of our own experience, 
that it is. And we also believe that in 
the unexploiled uses of industrial 
research lie the greatest opportunities 
for profit now offered to industry. To 
industry — to your business we can 
bring the best in brains, organization 
and equipment with an unequalled 
accumulation of experience. 
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WOODS HOLE IN 1949 

T]ic Ca])c Cod resort is the siiniiiier cajiital ot‘ biology. 

This year, as usual, tlie pleasant lernient of the Marine 
Biologic'al Laboratory has ])rodn€C(l some noteworthy work 

by Jolni K. FlVillVr 

I N llu* siuuinci ol 1<S7I llu' uMiowiicd lotouccl willi a i icli viiricly of iiiiiriuc (^specially loi Ihc' lionefiL ol ibo liilioni- 

uuturalisl Sptaicer Ktill<a‘loii Bairtl, silo was ideal (or fisli studies. lory, 1 5 pionec'rs louudcd the Mariiu' 

then head of the U, S. b'ish OoiO" Baird’s diseovc'i v not only launelied a Biological Laboratory m a small lraiu(‘ 

mission and lalei to he s(‘tT<‘Uuy of tiu* lislu'ries station (still in e.xistoiK'o) at hiuldiiig in Woods Iloll iu the sumniov 
Smithsonian Inslihtliou, seouti'cl llu^ Woods floll, hut soon allraeled the al» ol 1 888. 

Atlantic coast Irom Maim' to Maryland lention of biologists, In 1887 a gioup of Two pnwiotis attempts to establish a 
in soari'h (){ a snitabh' sit(‘ loi a Bureau ihcnu l('d by Alplieus llyatl, curator penuaiKml biological station in the C. S,, 
of IdsluTii'S station. 1 h' arrivi'd one day of lluMLislon Sotaely of Natural History, inspiriid by Harvard’s guait naturalist 
at a ([uici litlli' village ctilUnl Woods (hseided to start a biological labonitory Louis Aga.ssiz, luul faih'd. But the Woods 
Iloll, on the soutlu'rmnosl lip of (lape there. Having raised $11,000 through Hull .siH'dling look root. WaU'red by 
Ckid, and knew at once that h<' ncml conlrihntions, llu' proc't'ccls of a siTio.s of larg(' gifts from Clliarles Oranc, Llic (llii- 
look no farther. Tlu* rockv pools, mud popular-scienec lectures and an oper- cago plumhing ecpiipmeul inaimfac- 
llals, lagoons and l)ays ol tlu* ari'u elta wriUmi and [irodiictal in Boston turer, die f laboratory sUaulily expundoch 



A WOODS HOLE CLASSROOM is pholograpbed to deliver papers* Poinling to die blackboard is E* S. 
through an unfimslicd wall Here students arc perniittcd Guzman Barron, head of the physiology dcparlincnL 
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MUSCLE RESEARCH is conducted in tlic laboratory of Noixd prize winner 
Albert Szent-Gyorgyi [SciENTmc American, J une] . Here a Szcnt-Gyorgyi as- 
sociate observes the conlraction of llie isolated mnsculus psoas of a rabbit. 



NERVE RESEARCH is carried on by George Marmont, who spends winters 
at the Univei^sity of Chicago. Marmont here dissects the largest known nerve 
oeU from the nerve tissue of a squid {see photograph on opposite page). 

H ' ; ' „ ^ ^ 


The plant has jiow grown to inoic llian 
25 buildings, including living counters 
lor hundreds of woikeis. Tlic Laboratory 
has an endowment ol neaily $1 million, 
provided by Crane, the Hoekeleller and 
Ckiiuegie Foundations and John D. 
Hoekeleller, Ji., but its activities are so 
extensive that, like a university, it re- 
([uires eontiibutions to meet expenses. 
The village ol Woods Hole (its piesent 
name is a corruption of the original) to- 
day can lauly he consideied the biologi- 
cal ca]ntal ol the world. 

This smnmci moic than 450 mvcsli- 
gators and students Irom about 100 
imiversilios, medical schools and gov- 
cinmcut agencies have jnil in a lull sea- 
son’s work at tlie Lahoratoiy. Some 200 
odicis have come lor shorter ixniods 
from all paiLs ol the eaith—lndia, Aus- 
tria, England, South Africa, China, 
Japan. Six Nobel prize winners have 
been m attendance, and the Laboratory’s 
battered registration book is a roster of 
great names. The 200 research projects 
that have been conducted at Woods 
Hole this siimmci cover almo.sl the whole 
speclrum of biology. 

Woods flole is au ideal natural site 
for biological work lor a uiunher ol rea- 
sons. The occuii is a musciiin ol living 
links with the past. While kind lile lias 
been vastly altcied by geological up- 
sets, the forms of sea lilc have romaiuc'cl 
iclativcly unscathed: f/u)Lulus\ the mod- 
ern horseshoe cral), is not too distant a 
cousin ol the Irilohites that ciawled lu 
Paleozoic muds half a billion years ago. 
Woods Hole is strategically located at 
a crossroads ol maiinc life. Its waters 
have, to begin with, a gicat vunoiy ol 
their own native foim.s\ From the Gull 
Stream, only about 150 miles olishore, 
the winds often sweep in tx'opical marine 
plants and animals. And noithwosl, in- 
side the great hook of Capo C^od, the 
waters of the bay avciagc eight to 10 
degrees cooler than at Woods Hole, add- 
ing still other varieties of lilc. Within the 
waters of the Cape Cod ri’^giou, more 
than 1,000 species of nuuine organisms 
have been identified. 

Thus Woods Hole’s natural attractions 
have been sufficient to draw biologists 
from all over the world. Moic than 20 
years ago the Plunganan muscle physi- 
ologist and Nobelisi Albert Szent- 
Oyorgyi visited the Laboratory and was 
so impressed that he resolved to come 
buck some day. He has roc'ontly houghl 
a home 1n Woods Hole and .set up an 
alkyeai -round lahoratoiy, whe^re, with a 
staff of colleagues who have followed 
him from Hungary during the past year, 
he IS continiiing his muscle studies. Oth- 
er Nobelisls at Woods Hole this summer 
have been James Franck, the University 
of Chicago physicist; Otto Loewi, the 
New York University biochemist; O. My- 
erhof, the University of Pennsylvania 
muscle physiologist; Carl Neuberg, the 
German biochemist, and Otto Warburg, 


tlu* Gt'uiian pli^siologisl and svoikcr in 
photosyiidK^sLs and caiuvi i'cs(niioli 

Woods llok' IS now a piodomi- 
nanily scicnilific cominunily wilh well- 
established traditions. Some ol its regu- 
lais have woiked iheie each smnmei loi 
40 years oi more. Their dean and un- 
official histoiian, Puneeton's ramoiis 
Edwin Giant Conklin, who has spent his 
sutnmcis at the Lahoiatoiy olf and on 
ever since 1891, estimates that at least 
75 biologists liave boiight homes m the 
area, and that moie than 100 maniagos 
have icsultod lioin summei meetings of 
woikers oi students at the Laboratory. 

The Marine Biological Laboratory is 
not only a lesearcffi cenlc'r but also a 
vacation-lerm giaduaU‘ school, lls (‘aie- 
lully selec‘t('d students au‘ taught by an 
all-stai cast; (he distinguished I acuity of 
its physiology class, loi example, this 
summei included S/.imt-C^yorgyi, War- 
burg, Loewi, George Wald ol TIarvatd 
University, IL B. StombacL of the 
Univcisity of Minue.sola, llaus Neurath 
oi Duke University and E. S. (h Bairou 
of the University of Ghicago. 

The Laboratory has now bec‘om(^ so 
popular that it (‘an ac'commodalc only 
])art of the applicants who S(H‘Is to work 
there each summer. It lias 85 individual 
laboratoruvs, with space for about 875 
woik(u*s, Tht‘ U‘es for (lu'ir uses usually 
paid by the sc'imitists' institutions, vary 
Ironi $100 to $250 for lb(‘ .sc’ason, de» 
p(niding on tlu' si/(‘ of IIk' spiur. Appli- 
(‘utions an^ madt‘ dining the winlcn' to the 
dirc^ctor of MBL, Gharles Packard, the. 
ap])lioanl spoeilying wlial kind of work 
he wishes to do and what laboratory 
facilities lu^ will need, B’ his work re- 
quires special cKpupmeul, he must bring 
his own, hut MBL supplies such staiKl- 
urd apparatus as microsc'opcs, auto- 
claves, rclrigerators, tissue-slicing micro- 
tomes— and of (‘ouise the plants and 
animals ior oxpcTimonls. The demands 
of tlio biologists keep a whole C'Orps of 
spoc'imen-eollcc'tors busy. An average 
days recpiiremcmts include 1,000 min- 
nows, 450 fiddler erabs, 400 sand dol- 
lars, 350 sea urchins, 250 starfish, 50 
scpiicL 

Woods Holes unparalleled natural 
assets and pleasant scenery arc not, 
liowcver, its solo or oven its major attrac- 
tions foi biologists. Its chief allure is iis 
a forum and cdoaiing house for the Babel 
of special longues into which mod(U’p 
l>iology has disintegrated, In a field so 
fragmented that its memlxa-s are divided 
into more than 30 spcciali/^ed societies, 
each studying a dii[ercnl segment ol’ the 
curious phenomenon of life, Woods 
Hole servos as a common meeting ground 
where the pieces may perhaps be fitted 
together. And because the need for com- 
munication is more acute in biology than 
in most other scionce.$, the opportunity 
provided by Woods Hole is correspond- 
ingly greater. Whereas the various work- 
ers in physics or chemistry convene only 


a lew limes a yeai, at Woods Hole the 
\'auous 1)1 cods oi biologists- zoologists, 
botanists, physiologists, endocrinolo- 
gists, aourologisls, biochemists, and so 
on— -(‘ome together to talk things ovei at 
leisure lor three and a half months. 

The history ol the Maiiiie Biological 
Laboratory epitomizes the histoiy oi the 
majot movements in biology during the 
past half century. It was the cential 
arena foi the great contiovcisics be- 
tween the vitahsts and the mechanists, 
the analysts and the synthesisis, the 
natuialists and the cxjierimontalisls. 
When the Lahoiatoiy began, biology, 
under the dominant influence ol tlic 
iiatuialist Louis Agassiz, was almost 
wliolly a descriptive science. The early 
workcis at Woods Hole diivotcd thoin- 
selvcs to obsciving the Ixdiavior of 
whole organisms; how they wcie horn, 
how they lived, what they ale, how they 
loprodnced. To tamper wilh the living 
cell or inteilere with uaUiial pioccsses, 
they held, would produce misleading 
“aitifacls.” So the investigators patiently 
walclied maiiuc eggs undci the mieio- 
sc'opo and lec'ordcd what they saw as 
the (^ggs gre\v, multi]died and do- 
ve ‘loped. 

In the 189()s a profound effiange ])(i- 
gan in the work of the Laboratory. 'Hie 
man who did most to bring it a!)oul was 
Jacques Loc'h ol the Kockej oiler lusli- 
tule I'or Mc^dk'ul Research, In rebellious 
exasperation with tlio naturalists’ ap- 
proach, li(^ exchumeeb “The most un- 
interesting tiling f know is the normal 
development of an (Jggk* Loch proceeded 
to (explore biology at the molecular level 
In the lace of hitter opposition Irom the 
vilalists and others, he slowed that the 
mysterious, complicated proteins, one 
of the main components ol protoplasm, 
wore composed, like other forms of mat- 
ter, of idenlifiahlc molecules. Ho also 
demonstrated that scai-tirchin eggs could 
he made to develop by Ireatuumt with a 
salt solution instead of spoim, that 
the bending of plants toward the sun 
could he explained liy chemical reactions 
produced in the plants by light. 

Under the inJlucnce of Loch, who 
worked at Woods Hole from 1892 until 
Ins death in 1 924 and was buried in the 
town, tlie Laboratory— and with it all 
biology— gradually shifted its chief cm- 
pha.sis to biochemistry. Today most of its 
investigators arc studying celks—dissect- 
iug them with microscalpcls, injecting 
(‘homicals into tliem with microliypo- 
dcnnic necdlo.s, measuring their electri- 
cal activity, breaking them clown in high- 
speed centrifuges. 

One of the principal fields of investi- 
gation at Woods Hole this summer is the 
cells of the brain and nervous system; 
more than a score of workers have been 
engaged in it* The most popular expori- 
montal animal for this work is Loligo 
pealii, the Woods Hole squid. The squid 
is a good animal for nerve studies be- 
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dark streak running length of bit of 
nerve tissue. Magnified three limes. 
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cause it has extiaordinuiily large uerve 
fibeis Fibers two to throe inches long, 
resembling grayish-whitc threads, can be 
dissected Iroin the animal foi electiical 
and chemical analysis. The chemistiy of 
ncive-cell activity is extremely compli- 
cated. A neive cell is a kind of battery 
tliat discharges to produce an impulse 
and is rechaiged chemically in a few ten 
thousandths of a second tor the next im- 
pulse. 

Some ingenious new equipment and 
methods for the investigation ol the 
neive reactions were in evidence at 
Woods Hole this summer. One was a 
complicated apparatus, built by Geoige 
Marmont of the Umveisity of Chicago, 
that stimulates isolated squid fibeis elec- 
tiically and can measure then high- 
speed nerve impulses with an accuracy 
of better than a millionth of a second. 
The appaiatus requires about 260 vacu- 
um tubes, and includes a platinum-wire 
electrode tiny enough to be inserted 
longitudinally in a single fiber. In an- 
other appioach to the nerve problem, 
Otto Schmitt of the University of Min- 
nesota spent the summer at Woods Hole 
studying “resting” or unstimulated squid 
nerve, with the aid of a small electronic 
computing machine to solve mathe- 
matical equations. From the chemical 
side, David Nachmansohn of the Co- 
lumbia University College of Physicians 
and Surgeons, another Woods Hole 
regular, extracted choline acetylase from 
squid neive to study the lolc of that 
enzyme in the transmission of nerve 
signals. 

These related studies admirably illus- 
ti-ate the function of the Marine Biologi- 
cal Laboratory itself in cioss-fertilizmg 
the work of various researchers on com- 
mon problems. Besides bringing the 
workers together. Woods Hole has given 
their work an invaluable continuity over 
the years. One ol the best examples of 
this IS the continuing study of fertiliza- 
tion and reproduction that has been 
carried on at Woods Hole ever since 
Loeb^s experiment in the artificial fer- 
tilization of sea-uichin eggs. 

What happens chemically when sperm 
and egg unite? In 1912 Frank R. Lillie, 
then director of the Laboratory, pub- 
lished the first of a series of papers which 
postulated that two substances unite to 
trigger the production of an embryo. 
One was a substance called “fertilizin’ 
in the egg, and the other was an “anti- 
fertilizin” in the speim. Lillie was unable 
to make a detailed study of these sub- 
stances, for the necessary analytical 
techniques did not yet exist. But in re- 
cent yeai's Albert Tyler of the California 
Institute of Technology has continued 
this investigation at Wopds tlole. 

Using a high-speed centrifuge and 
other apparatus, Tyler determmed that 
fertllizin is a sugar-protein complex of 
large molecular size, found in the sur- 
, face coat of the egg. Antjifertilizin, ex- 
tracted bom the surface of the head of 


the speim, was also lound to be a pro- 
tein. As a woikiiig hypothesis, Tylci has 
suggested that when a sperm eucounlcrs 
an egg, the specifie mtei action ol its 
aiitilertilizin with the egg’s lertilizm 
binds the sperm to the suilaee ol the egg. 
The speim’s tail soon stops wiigglmg. 
Eventually it appeals to be pulled into 
the egg by pmely chemical forces, in- 
volving the precipitation ol the two re- 
acting substances. 

This may seem merely a way ol say- 
ing m chemical terms what any high- 
school student can observe with a micio- 
?cope. But biochemical analysis, liesiclcs 
affording a fullei desciiption of a given 
process, often leveals unsuspected com- 
mon denominators that illuminate other 
processes in a living oiganrsm. In this 
case the process of fertilization turned 
out to be veiy similar to the reaction 
of the body to foreign substances. The 
combination of fertilizm with antiier- 
tihzin IS like the combination of an 
antibody with a foreign substance, such 
as the geim of a disease, a poison or lag- 
weed pollen. In other words, feitiliza- 
tion and allergy aie somehow akin, at 
least in their mechanism. Even the sub- 
stances are alike: fertilizm and anti- 
fertiliziii, like antibodies, aic proteins. 

The parallel between fertilization and 
infection is even moie striking when one 
examines the viruses, known us baclciio- 
phages, that attack bacteria. Some 
studies have shown that after a single 
phage out of a large colony enteis a bac- 
terium all the olheis may be excluded. 
This is exactly what happens, ol course, 
when an egg is fertilized; one sperm 
preempts the egg. Tyler has even pointed 
out, though he is not inclined to push the 
paiallel too fai, that under the election 
microscope some phages actually look 
hke sperm; they have short oval heads 
and relatively long tails. 

In any case, Tyler’s revealing studies 
of the parallels between fertilization 
and infection have already suggested 
applications to medicine. It has been 
found, for example, that marine speim 
possesses substances that dissolve the 
protective layer of cells surrounding 
the egg. So medical scientists are test- 
ing chemicals closely related to these 
substances to treat human infertility, 
dissolve kidney stones, and enhance the 
effect of penicillin and local anesthetics. 

Thus biochemistry appears at the mo- 
ment to be the most fruitful and liveliest 
field in biology Easily the most dramat- 
ic event at Woods Hole this summer was 
a debate on the chemistry of photosyn- 
thesis among four of its investigators. 
Otto Warburg of Berlin, James Franck 
of the University of Chicago, Dean 
Bmk of the National Cancer Institute 
and Robert Emerson of the University 
of Illinois. The debate had to do with the 
efficiency of the photosynthetic process. 
Warburg has long contended that the 
photosynthetic reduction of carbon di- 
oxide requires no more than four quanta 


of light tMicigy, winch would mean lluil 
the efiicicucy ol the proevss is 70 ])cr 
cent hi icccnl ycais Fauci son and olheis 
have reported on the basis ol tests simi- 
lar to those ol Waibni g that the eneigy 
icquireiacnl is 10 to 12 (pianta, and tlic 
efficicney is only about 20 to 80 per 
cent. In the debate this summer Emer- 
son and Fiaiick, who has suppoited his 
findings, were eonlionted with new evi- 
dence that leopened the question. 
Warbiug and Biuk, having conducted a 
new seiies ol cxpeiuneiUs, declared that 
It now appears that photosynthesis re- 
(jmres only three quanta ol encigy, 
meaning that its efficiency is 1 letter than 
90 per cent. The debate settled noth- 
ing, but it ensuicd a vigorous levival ol 
work on this problem. 

Yet theie wcie plenty of signs at 
Woods Hole this summer that biochem- 
istry may have reached its crest and the 
center of mteiest in biology may soon 
swing to a more integrated view ol the 
living organism. One sign was the fact 
that a popular topic of discussion this 
siimmei was Norbert Wiener’s cyber- 
netics, which attempts to draw an an- 
alogy between mathematical machines 
and the human iieivous system. Biolo- 
gists have long had a docp-iooted dis- 
trust of analogies. Their view is summed 
up in an epigram ci edited to the late 
geneticist Thomas UitiU Morgan, who 
once leinarkcd acidly that scientists who 
compaiod living systems to mud lines 
were like “wild Indians who derailed 
tiains and looked for the horse inside 
the locomotive.” Nonetheless, cyher- 
uetics and other lecoiit altcnipts to de- 
scribe the functioning ol the living 
organism as a whole m modern lenus 
have definitely aroused the biologists’ in- 
terest. Many of them believe that liiology 
may need a new nonbiochomical up- 
pioach to explain some of the baflling 
phenomena that biochomisliy itself has 
icvcalcd. 

Foi instance, biochemists had begun 
to aiiive ut a picture of the coll as a 
clearly defined unit with a membrane 
like a sausage casing that set a limit ou 
the size of molecules that could pass 
through it. But they have now found 
that certain large pi olein molecules 
manufactured inside the cell somehow 
manage to escape Ihiough the mem-" 
brane, despite the fact that the “holes” 
in it arc not nearly large enough Tlins 
they may liave to revise radically their 
notions about cell structure. Again, the 
1,000 to ’2,000 reactions in a coll, taken 
as a whole, add up to an intric'alcly re- 
lated system that may never be explain- 
able in strictly biochemical terms. 

Thus it may be no accident that biol- 
ogy shows an increasing tendency to 
merge with physics, mechanics and 
mathematics. Many a specialist from 
those fields has moved into Woods Hole, 
which each year becomes, at least in the 
field of science, more and more cosmo- 
politan. 
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ENCEPHALITIS 


It is not one but many diseases. Some dangerous epidemic 
forms of it are caused by viruses living in an intricate 
sequence of other organisms, including the iiorsc and man 


E pidemic encephalitis, ol winch 
there have been several large out- 
breaks in vaiioiis parts of the 
world during the past quarter century, 
is a hideous and terrifying disease. Mis- 
leading publicity and the resultant hys- 
teria during epidemics have exaggerated 
its over-all importance as a human killer; 
even in the worst epidemics it affects no 
more than two oi three persons in a thou- 
sand, and among this i datively small 
number the mortality is usually 5 to 25 
per cent. But the disease is especially ter- 
iifying because it fiequently strikes most 
severely among infants and often leaves 
learful permanent eflects—spastic paral- 
ysis, delormitics, even idiocy. 

Encephalitis simply means inflamma- 
tion of the biain. The particular disease, 
or, more accurately, diseases, that wo arc 
considering aic a group of viius infec- 
tions transmitted by mosquitoes and 
mites or ticks. They infect many animals 
and buds. The chief suffeicrs aie horses 
and man; among horses 40 to 90 per cent 
of those affected die oi aie peimaneutly 
disabled. In man, encephalitis is often 
mistaken for poliomyelitis, for m mild in- 
fections its symptoms aie almost exactly 
like those of mild polio. But severe en- 
cei^halitis is very different. In infants its 
onset is generally sudden, the child re- 
fuses to muse, is shaken with convul- 
sions, luiis a temper ature ol 105 to 107 
degrees Fahrenheit, turns blue and de- 
velops a numloer of other diastic symp- 
toms, often complicated by pneumonia. 
Although the child may appear to re- 
cover completely, not iiifiequently per- 
manent damage to its brain becomes evi- 
dent months later as it fails to develop 
the abihty to crawl, walk or talk. Even 
in older children and adults the disease 
runs a violent couise—high lever, excru- 
ciating headache, stupor merging into 
coma, and, il the patient survives, a long 
convalescence. A severe case of this dis- 
ease is one of life's most imforlunate ex- 
periences. After an experience with a 
single case, it is easy to develop a zeal 
for prevention of the affliction. 

Since about 1930 many scientists have 
devoted themselves to that effort. It is a 
task for epidemiology, which is the study 
not merely of epidemics hut of the natu- 
ral history or ecolog)' of disease. An epi- 
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demiological investigation is a kind oi 
“Who done it?” The epidemiologist's job 
IS to discover the cnmmal, leaiii his 
methods, bung him to trial, and convict 
him, so his activities may thenceforlh be 
lestncted. 

In ibis case we have not one culprit 
but several, and a number of accom- 
plices. If our present hypotheses are cor- 
lect, the encephalitic diseases of man 
and hoises lepresent possibly the most 
complex disease cycle so far unraveled. 
The investigation of them lias called for 
many experts representing numerous 
branches of science, all couiribuliiig im- 
poilant parts to the whole, Progicss has 
not come m a regului sccpicncc, hut 
piecemeal here and there, as results ob- 
tained Irom tracking down an agent ol 
the disease in one area have been applied 
to a related agent elsewhere. 

E Pll^EMIC waves of *1aorse plague,” 
“lihnd staggers” or “brain lever” 
have struck the equine population in va- 
iious parts of the U. S. since the begin- 
ning of the present century. Not until 
1930, aftei thousands of horses weie lost 
to one of these great epizootics in Cali- 
fornia, did Dr. Kail F. Meyer and asso- 
ciates at the Umveisity of Caliloinia 
comer the first criminal. They found 
tliat the cause of the California outbreak 
was a filtiable viiiis. The disease was 
eventually named “Western e(|uinc en- 
cephalomyelitis.” Two years later a sec- 
ond agent, related but different in bc- 
havioi, was indicted by Dr. Carl Ten 
Bioecl: ol the Rockefeller Institute as 
the cause of a more generally fatal hoise 
epizootic in the eastern U. S. This form 
of the disease was called “Eastern equine 
encephalomyelitis.” Since then several 
other members have been added to llie 
group’ St, Louis encephalitis, Venezue- 
lan equine encephalomyelitis in South 
America and Panama; Japanese B en- 
cephalitis in Japan, Korea, (dima, other 
parts of the A.siatic mainland and on 
many Pacific islands; West Nile and 
Mengo diseases in Africa; spring-sum- 
mer lick-borne encephalitis and autumn 
encephalitis in the U.S.S.R. In all prob- 
ability other forms will be found. 

After the California group had deter- 
mined that the criminal was a virus, the 


next step was to find out how it was 
tiaiisinitted. When experiments showed 
lluiL the virus was not tiaiislcned Iroin 
one hoi so to another by contact, good 
epidemiologic reasoning gave use to the 
suspicion that it was caiiicd by mt)S({ui- 
tocs Because mosipiiloes of the Ardrs 
(iegij])Li species were known to be car- 
riers of the virus diseases yellow (ever 
and dengue, Dr. Raymond Kelsci, llien a 
colonel in the Army Veiennaiy Coip.s, 
decided to investigate this species. In liis 
laboratory he succeeded in transmit ting 
the Western type viius lioiri guinea jug 
to guinea pig, and then to }ic)]sc‘s, by 
means oi these m()S(|iiit()(\s. OiIkm' work- 
ers loimd that another Ardens sp(H'i<\s 
I’onld cany llie Easl(*m vnus, and I'vcMi- 
tnally many oilier spe(‘i(\s ol ArV/r.v wito 
implicated as possible curriens. c.k- 

penraonts supported, but by no mc‘ans 
proved, llie liypolliesis dial the iuletTion 
was actually spread by m()S([iiiU)es in 
natine outside the laboiatory. 

Meanwhile Dr. Meyer, carrying out 
studies in the hot, moscpiito-ridden San 
Joacpim Valley ol Ckihfornia, staited an- 
other line of investigation. Until about 
1934 the cnccphalvlis viruses were eou- 
sideied to be of impoiTaiu'e only to 
lioiscs. Di. Meyer wondtTcd wbelhcr 
they plight also attack mem He was not 
convinced that all ol the illness bcMbig re- 
ported as poliomyelitis was actually po- 
lio. Brain sections lu; cxamincal at anlo])- 
sy revealed lesions in human beings 
exactly like those in lior.sc^s, so he slimn- 
iated efforts among liis worker’s to find 
the ecpiinc viiiis in man. 

In 1933 and 1934, epulennes of hu- 
man encephalitis exploded in Pans, 111, 
and in St Louis, Mo, The latter epidemic 
of 1, ()()() cases and more than 200 deaths, 
occurring within a ((av wevkn in the late 
suimncr, made daily lu^adlincs across the 
coimtry and Imnight togc^llu'i* one of the 
largest, most highly integrated teams of 
cpiclcmiologisls and liacleriologists, virol- 
ogists and entomologists (wer asscnuliled 
at the site of an ejukUaiiit'. I’lic cause, 
discovered indcipeiidently in the labora- 
tories of two of tiie instilulions repre- 
sented, was found to be .still another 
virus, somewhat like the equine viru.scs 
in size and in the disease it produced, 
but immunologically unrelated to them. 
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In n)R(S ihrt't' dillert'ul in\ t'sligahns - Ct'clt'd wilh Si. Louis virus w'c'rt' dt'lt'clt'd wt'rt' bt'guu al llu' I roo[M'r Ikiunclation ol 

Bcalvu't' Uowntl til Dr. ^b'^a'r s group m in llu' blood ol cnct'phahlis con\ alesccnts the University ol (kdiltuiua. 
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HYPOTHETICAL LIFE CYCLE of tl ic virus lluil The |>rinci])al ouclemic cycle (ceurer) rirculalcs llie 

causes Wealern equine eiiceplialeniyeliUs involves three virus timoii}; liirds and Culex mostjuiloes, 'I'hc possiljle 

leaser cycles, I’hc jJosBihlc ref4ervoir ol' lire virus {left.) epidemic cycle (right) involves the inl'eefion of horses 

is miles, whieli pass il alonj? lo llieir young and lo birds. and men, who transmil, virus through le’des niosijuilo. 
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ally a graduate student in medical ento- 
mology, W. C- Reeves, who became 
interested in this problem and made ma- 
jor contiibutions to the studies, directed 
a senes of field laboratories in seveial 
Western states as part of our investiga- 
tion. Other valuable colleagues— physi- 
cians, zoologists, bacteiiologists, virolo- 
gists and entomologists— joined the group 
for vaiying periods. This continually 
expanding group is still woiking on the 
epidemiology and methods of accuiate 
differential diagnosis of epidemic en- 
cephalitis. Membeis of the unit have 
studied vaiious aspects of the disease in 
Washmgton, Nehiaska. Oklahoma, Ida- 
ho, Iowa, South Dakota, Texas, New 
Mexico, Aiizona, Calif oima, Jupan, 
Korea, China, Okinawa and Guam. The 
work has had support fiom many agen- 
cies, including die National Foundation 
for Infantile Paralysis, the U. S. Army, 
the California State Department of Pub- 
lic Healtii, the U S. Public Health 
Service, die Califorma Dixnsion of Fish 
and Game, the Kein County Health De- 
partment, and die Kern IMosquito Abate- 
ment Distiict. 

From the Yakima Valley, thousands of 
mosquitoes were collected and inocu- 
lated into mice. Up to this time suspicion 
had pointed most strongly to the Acdes 
species. But now St. Louis and Western 
equine viruses were lepeatedly discov- 
ered in die previously “miimpoitant’’ and 
little-studied mosquito Ciilex tarsdlis. 
Aedes, Cuhsafa and Anopheles also weie 
eventually found to harbor \aruses, hut 
only rarely. Culex pipiens, previously re- 
ported as a iaboratoiy vector bv the 
Japanese, was tested again and found to 
carry die St. Louis vuus. Culex tarsalis, 
however, rapidly occupied the center of 
attention as the most important ciiniinal 
in the two diseases present on the West 
Coast, 

Micioscopic examination of the blood 
from hundreds of trapped wild buds and 
domestic fowl in the hot, irrigated val- 
ley areas of Washington and California 
pointed to widespread infection of many 
avian species with both St Louis and 
Western equine virus. Moreover, when 
birds were inoculated by “naturaF' 
routes {into the skin) with very minute 
amounts of either of these two viruses, 
the virus multiplied rapidly and could be 


found m the blood m large quantities for 
two to fom days after inoculation. Mos- 
quitoes that fed on the buds when viius 
was cu dilating m then* blood picked up 
the virus. Later, in the laboiatory, the 
mosc|aitoes infected other birds oi mam- 
mals Thus it was showm that birds could 
sei\e to infect mosquitoes. But were 
thev tlie chief natural reservoirs of the 
disease? Tests on mammals indicated 
that they too were implicated as hosts. 
When horses were inoculated with St. 
Louis vuus, they showed a high late of 
infection. They rarely revealed symp- 
toms of any disease from this "'human” 
virus, but the infection was present 
though not apparent. Thus it was possi- 
ble that these large mammals weie 
sources for the infection of mosquitoes. 

It was important to know w'hethei in- 
fected people or horses could be souices 
of danger, for if they were, the disease 
must be attacked either by isolating 
them or by immunization, at least of 
horses, on a mass scale. Because expeii- 
mental work with horses would have 
been much too expensive, it was neces- 
sary to look for indirect evidence as to 
whether large mammals could infect 
mosquitoes. 

One mduect means was to examine 
the blood of human encephalitis patients. 
Ill piactically all cases of Western equine 
and St. Louis infections, man was found 
free of virus in the circulating blood dur- 
ing the early stage of illness. This was 
significant, because it was known that in 
such virus diseases as yellow fever, 
dengue and sand-fly fever, virus is avail- 
able in the patient’s blood during the 
eaily clinical stage. But it was not con- 
clusive, for it remained possible tliat in 
encephalitis the virus might he present 
in the blood before the onset of tlie clini- 
cal illness. 

A series of indirect experiments helped 
to clarify the point. By means of direct 
observation and later by precipitin tests 
similar to those used in criminology to 
identify tire species of animal from which 
a sample of blood comes, it was deter- 
mined that the Aedes mosquitoes of the 
areas studied were feeding almost en- 
tirely on large mammals, such as cows, 
horses and men. Yet the Aedes were xkxxe- 
ly infected with the encephalitis virus. 
On the other hand, the Cidex tarsalis 


mosquitoes, which most fiequently fed 
on buds, were found infected more than 
10 times as often. Thus it was evident 
that the buds weie a much moie likely 
source of the vuus 

The field of suspects was narrowing 
down Which weie the guiliy bu'ds? It 
was first assumed that the pimcipal cul- 
prits weie domestic fowl, because of 
then large numbeis and close proximity 
to men and hoises. Had chickens been 
the chief source of infection, the whole 
disease cycle might have been bioken by 
applying DDT to all chicken houses to 
kill mosquitoes. But a senes of laige field 
experiments cast doubt on this hypothe- 
sis. Liberal DDT spraying of chicken 
houses in an endemic area did not reduce 
infection lates m the mosquitoes or 
chickens. It was cleai that the mosqui- 
toes weie becoming infected elsewhere, 
foi those entering chicken houses and 
feeding on chickens piobubly would not 
suivive long enough foi the growth oi 
virus necessary before they could be- 
come infectious. 

Consequently, strong suspicion fell on 
wild buds They could not be pioved 
guilty by blood tests, for the precipitin 
technique, though adequate for identi- 
fying a mammalian species, does not 
satisfactorily distinguish one bird species 
from anothei, since all biid seium pio- 
teins are closely i elated. To find out 
^vhether Culex tarsalis mosquitoes fed on 
wild buds to an important degree, the 
investigation turned to another mosqui- 
to-boine disease— bud malaria. Bird ma- 
laria bad not previously been loiiiid m 
this area. A search for it was made, and 
fortunately it was leadily located, not m 
domestic fowl but m wild buds. Almost 
100 pei cent of the small wild buds ex- 
amined harbored the parasites; some of 
tlie baby birds had even had malaria be- 
fore they left the nest. And systematic 
dissection of mosquitoes showed that 
Ciilex tarsalis was one of the principal 
carriers of malarial parasites. This pioved 
that C, tarsalis was feeding frequently on 
wild buds. Meanwhile house finches and 
English sparrows were inoculated with 
encephalitis virus in the Iaboratoiy, and 
it was demonsti'ated that moie virus 
circulated in their blood than in the 
blood of similaily inoculated chickens. 
So the net of evidence was now sti'ong. 



ELECTRON MICROGRAPH by F, B. Bang and G. O. 
Gey of the Jolms Hopidns University Medical School 


reveals virus causing Eastern equine encephalomyelitis. 
Original micrograph magnified virus 15,734 diameters. 
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plainly it was the wild biids that weie 
chiefly lespoiisible toi supplying iiios- 
cjuitoes with die virus ot encephalitis in 
the endemic areas studied. Domestic 
fowl weie implicated only in a minor 
way, and large mammals hardly at all. 

A KEY question had still to be an> 
swered. How and whexe did the 
virus survive dm mg the wintei? Ciilex 
tarsal is does not survive the winter in the 
adult stage in noithein sections, and no 
encephalitis viius was found in mosqui- 
toes wintering in the mild southern aieas. 
The virus probably did not live thiough 
the wintei in mosquito eggs, for it pioved 
impossible to transmit the viius thiough 
mosquito eggs in the laboratory. Noi, ap- 
parendy, did vertebrate animals provide 
it with a winter home, no latent or 
chionic infection could be produced 
with encephalitis viius in such animals. 

One possible clue was die fact, noted 
earlier, that wood and dog ticks can 
transmit the virus to their oflspimg. But 
ticks could not be implicated as liosts in 
the areas where our work was done, 
large numbeis of chicken ticks, among 
otheis, were tested, with negative re- 
sults. Another potential host was mites, 
which are known to transmit the lick- 
ettsia of sciub typhus to their offspring. 
So huge numbers of chicken miles from 
die Yakima Valley were studied, but 
heic again no vims could be delected 
Then Dr. Margaret Smith and her 
co-woikeis at Washington University 
Medical School discovered chicken 
mites in St. Louis that weie infected 
with St, Louis virus. Later Di. S. Ed- 
ward Sulkin of Southwestern Medical 
College isolated the Western equine 
virus from these miles in Texas. Dr. 
Smith demonstrated that this mile 
tiansmitted the virus to its young and 
could ti'ansmit it to chickens. 

We now have a fairly complete pic- 
ture of the probable chief criminals, 
theii habits and the cycle of the crime. 
In at least one disease, St. Louis enceph- 
alitis, evidence indicates that the true 
reseivoirs are tiny, almost invisible mile 
parasites of birds, which do not bite any 
mammal. These mites may pass the in- 
fection along through then eggs to then 
progeny, without the necessity of any in- 
termediate vertebrate host. After an in- 


fected mite bites a bird, vuus appears in 
the buds blood a feiv days later, and the 
bud selves in turn to infect certain types 
ot marauding mosquitoes. In the mos- 
quitoes the VIIUS multiplies within the 
body and eventually invades the salivaiv 
glands, where it lests almost indefinitely, 
ready to pass on to anothei veitebiate 
when the mosquito bites. 

Up to this point, none of the hosts— 
mite, bird or mosquito— has become no- 
ticeably ill The parasite, though multi- 
plying millions of times and invading 
many of the hosts’ cells, appears to be 
entnely harmless to them. However, 
should the mosquito select as its next 
host a hoise or a human being, a very 
severe and possibly iatal disease may 
occur. In so fai as the essential biologi- 
cal cycle is conceined, these huge mam- 
mals aie merely accidental hosts, they 
do not ordinal ily pass the viius on to 
moseputoes noi to others ol then own 
species thiough direct contact. But they 
are the vulnerable victims of the disease. 

HAT are the expectations for con- 
trol ol the crime? II mites are finally 
convicted as the sole winter home lor the 
virus and if wild bird mites aie definitely 
involved, the possibility of breaking the 
chain by attacking the mites does not 
hold much hope. Even should an aie a he 
freed of mites, the mosquitoes might ac- 
quire the vn-iis from migrating buds in- 
fected one to four days helore in a more 
southern or northern climate 

Horses may be satisfactorily vacci- 
nated against the “equine” viruses by 
annual injections. This vaccine, liow- 
ever, though used on a small scale foi 
the protection of laboratory workers, has 
not so far been recommended for the 
annual mass immunization of man. Ex- 
tensive epidemics in man have been rela- 
tively rare, and they are unpredictable. 
The cost and effort of mass human im- 
munization does not seem warranted as 
a public health measure, in view of what 
an equal expenditure of time and funds 
might accomplish m preventing other 
diseases. 

In the better-known endemic areas of 
California, mosquito control, aimed par- 
ticularly at C tarsalis, has made encour- 
agmg piogiess m the past three years. 
The local tax-supported programs have 


been assisted by a subsidy of over $1 
million by the State of California. Hu- 
man, hoise, chicken and mosquito in- 
fection rates have fallen steadily. In 
Kein County, which m the past has had 
scores of cases of human encephalitis in 
a single year, there weie 15 cases in 
1946, eight in 1947 and only one last 
year. In one uiban area where mosquito 
control has been maintained at the high- 
est level, very little avian malaria and 
no encephalitis was found last year. 

To attribute these gams definitely to 
mosquito control would be piemature, 
tor epidemic and endemic areas may re- 
main 1 datively free ot disease over a pe- 
riod ot a few yeais for completely un- 
known reasons. Japan, for example, suf- 
fered no epidemics throughout the wai 
years, and then had its worst outbreak 
111 1948, when attempts at mosquito 
control, though teiribly incomplete and 
ineffective, were at a relatively high level 
as compaied with previous years. Con- 
tinued watching will he essential before 
mosquito abatement can be proved to 
be a sound method of control. 

In other portions of the U. S., much 
less is known about the vectois. Until 
they are identified, control cannot be so 
intelligently earned out. Results ot our 
cuisoiy suivcys in the Midwest and 
Southwest areas and ot observations by 
others suggest at least that the essential 
intermediate infected vertebrate hosts 
and the vectors and reservoii aithiopods 
may be quite different horn those of the 
hot, 11 ligated valley areas of the Pacific 
Coast states wheic most of our studies 
have been made. 

The teams of investigatois piobably 
have years of work before them before 
this gioup of epidemic diseases can come 
under rational conti*ol measures, even in 
the U. $. It is reasonable to expect, how- 
ever, that theii complex disease cycle 
may eventually be adequately under- 
stood m enough areas to make possible 
cfl:ective and relatively inexpensive con- 
trol measures 


William McD. Hammon is profes- 
sor of epidemiology in the Hoopet 
Foundation for Medical Research 
and the School of Ttihlic Health 
at the University of California. 




CHROMIUM-SHADOWED prepaxation of the slide on suggesting that they reproduce by binary fission, 
the opposite page shows pairs and clumps of viruses Original micrograph magnified virus 10,300 diameters. 
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The meaningless cries of babies fall into some remarkably 
meaningful patterns, the study of which shows differences 
among girls and boys and children of various environments 

by Orvis C. Irwin 


does an infant learn to talk? 
With what phonetic equipment 
does a newborn baby come into 
the world? How is the baby's I.Q. related 
to his speech? Are there laws of speech 
development? These are questions of 
perennial mterest to parents, and they 
pose fascinating pioblems to the investi- 
gator of human development. 

There are two aspects to the question 
of the beginnings of human speech. The 
first deals with the origins of language 
in prehistoric times; the second concerns 
the beginnings of speech, starting with 
the birth cry, in the young child. The 
fust aspect is so shiouded in the dimness 
of antiquity that at present there seems 
no hope of achieving a satisfactory solu- 
tion. The second aspect, diat of the 
origin and development of speech and 
language in childhood, obviously is open 
to observation. 

For the scientific investigation of 
speech, the first need is a set of accurate 
symbols £oi the basic speech sounds, 
just as m physics and chemistry scien- 
tific progress depended upon the inven- 
tion of the periodic table watli precisely 
defined symbols for the elements. The 
Enghsh alphabet is not a precise scien- 
tific instrument, for one of its symbols 
may stand for several different sounds, 
and, contrariwise, different combinations 
of letters may lepresent tlie same sound. 
For example, in the words father, ser- 
geant and health the symbols a, e and 
ea, respectively, all are sounded m the 
same way, hke die a in ah 

In the Inter^national Phonetic Alpha- 
bet invented about 40 vears ago, die 
speech im^estigator has a precise tool 
that makes scientific work possible. This 
alphabet, unlike conventional ones, has 
one, and only one, symbol for each ele- 
mental sound. Thus the sound ah is al- 
ways represented by the symbol a. The 
complete alphabet is gh^en in the table 
on the opposite page. In our studies at 
the Iowa Child Welfare Research Sta- 
tion these symbols were used to record 
the first sounds, babblings and develop- 
ing speech of our infant subjects. 

A second necessary tool in this work 
is a manageable unit of observation. This 


was furnished by what is known as the 
lespiratory unit. When an individual 
speaks, his sounds and words are uttered 
on the exhalation phase of breathing. It 
is abnormal to speak while inhaling. 
Thus a baby always vocalizes while it 
breathes out. The breath unit readily 
lends itself to observation In the case of 
an infant, the number of sounds carried 
on a single breath varies from one to 
about half a dozen. And this number of 
sounds IS ordinarily well within the at- 
tention span of even an unti'ained ob- 
server. 

These two experimental tools, the In- 
ternational Phonetic Alphabet and the 
breath unit of observation, have proved 
invaluable for collecting reliable data on 
the beginnings and the acquisition of 
speech. They have permitted systematic 
observation and statistical tieatment of 
the results. 

A question fiequently asked about om 
investigation is, '‘Where do you get yom* 
babies?” Obviously this is the simplest 
aspect of the whole endeavor, for there 
are plenty of babies in the world. How- 
ever, the question does lead directly to 
the general problem of sampling the 
population of babies. One good source of 
subjects is a nursery connected with the 
obstetrical department of a hospital, and 
a great deal of our work has been done 
in this situation. 

The home is another natural labora- 
tory for this work. After a baby is taken 
home horn the hospital, it is visited at 
regular inteivals of two weeks or a 
month throughout infancy. At each visit 
a sample of the baby's speech, as uttered 
on a number of breaths, is written down 
m the International Alphabet. If caie is 
taken to select homes of different socio- 
economic status, the speech sound sam- 
ples may reflect a number of variables 
operating in the home situation, and the 
data subsequently may be analyzed in 
terms of these variables. 

We have studied infants' speech de- 
velopment in several other situations, in 
orphanages, where retardation in speech 
is notoriously frequent; in state institu- 
tions for the feeble-minded; in schools 
for the deaf, where the investigation of 


how childieii deaf from biilh achieve in- 
telligible speech makes a valuable com- 
parison with the development of speech 
m the normal infant. 

T he earliest sounds made by a new- 
born babe aie monosyllabic cries. 
During the first few days of life the 
infant most frequently gives voice to 
eight distinguishable sounds, which rep- 
lesent about a fifth of the sound elements 
used by adults. These eight include only 
five of about a dozen vowel sounds listed 
in the International Phonetic Alphabet, 
and three consonants of a possible two 
dozen. Its most hequent ciy by far is 
like the vowel m the word lat; this sound 
amounts to 90 per cent of an infant's 
vowel utterances. In one study involving 
40 babies under 10 days of age, it was 
found to be the only vowel used by all 
the subjects. The other four early vowel 
sounds aie i as in fit, e as in set, a as in 
up and u as in food. The three conson- 
ants are h, 1 and the glottal stop, a con- 
sonant formed by pressure of the breath 
behind the closed glottis. 

Vowels aie usually classified into three 
groups, front, middle, and back, coi re- 
sponding to the paits of the mouth and 
tongue used in theii* phonation The 
sound I, as in fit, is a front vowel. The 
sound u, as m food, is a back vowel. An 
infant's vowel repeitoire consists mostly 
of front vowels. In its consonant equip- 
ment the opposite is usually true : two of 
the thiee consonants it uses are phonated 
by the back mouth paits, namely h and 
the glottal stop. 

As the infant grows older, non-crying 
sounds begin to dominate the cries. The 
soft cooings and utterances that delight 
parents become more hequent. The 
child achieves increasing control of the 
mouth parts for vocalizing back vowels 
and front consonants—the labials, den- 
tals and postdentals. Then begins a long 
period of meaningless babbling. Bab- 
bling has a real function in speech de- 
velopment; it is a practice period for con- 
ti‘ol of the sound elements of language. 
The baby seems to be trying out new 
vowel and consonant combinations in a 
bewildering array. He repeats these 
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sounds over and over again on varying 
pitches, with varying intensities and ca- 
dences. He mouths them, gets tlie kines- 
thetic feel oi them with lips, tongue and 
cheeks, and unconsciously and endlessly 
jDiaetices them. Significantly, after a ycai 
of this, meaningful woids~at fiist meie 
appioximations oi woids— begin to ap- 
peal upon the backgiound of infantile 
babbling. 

Meaning! ul woids appear toward the 
end ot the first year or the beginning ol 
the second year ol hie At first they con- 
stitute a veiy small pioportion of the 
mlanl’s vocalization, but duiing the latei 
part ol the second yeai they become 
piomment. A word usually passes 
tliiough an interesting tiansloriuation 
Ai first it IS a ciude approximation. In 
nurseries the world over, the baby lies m 
a crib and babbles meaningless sounds 
such as "‘mamama” oi ‘fiidadada.” Undei 
the coaching of paients, iliese babblings 
aio abbreviated to “mama” and to “dad- 
dy.” This is the way one child learned 
the word milk, at first it was “memo,” 
then “mik mik” and finally milk Pillow 
IS oi ten pronounced “pido.” In the case 
oi another child, the more difficult woid 
please evolved Iiom “be” tlirougli the 
seues “bio,” 'pez,” “pwez” to please. 
Sometimes the fiisL words exhibit an 
onomatopoeic chaiactci. Thus a watch 
IS a “tick tick”; a dog a “bow wow”; and 
a cow a “moo moo.” 

T here are no iimdamental group 
difici cnees in tJic iuhcicnt phonetic 
cijuipmcnt ol liuniaii beings. In the first 
I() clays of hie, hoys and giils, wdiite 
ch lichen and Negioes make pretty much 
the same sounds. But by the time they 
begin to form word patterns, some sex 
difierences do appear. For instance, at a 
year and a hall, girls exceed boys in the 
ability to use consonants at the begin- 
ning, in the middle and at the end oi a 
word. The mean number of consonants 
used by giils in the initial position is 8.7 
as against 7 7 for boys. For the medial 
position, the mean ior girls is 7 9 and foi 
boys 6.9. In the final pOwSitioii, girls use 
2.9 consonants while boys use 2.4. 

The average cight-month-olcl child is 
unable to use words. At 10 months lie 
piobably will have one word; at 12 
months, about three wozcls At a year and 
a half, his vocabulary may be 20 woids. 
During tlie next three months it will 
]ump to over 100, and at two yeais it 
may contain as many as 250 words. 

The ultimate language problem ioi tire 
growing child is to i elate words into 
meaningful sentences. His first sentence 
may be a single word; for instance, he 
will use the word “do” to obtain many 
of his demands. From a single woid 
grows a variety of longer sentences. The 
average child's first sentence appears 
soon after the 15th month. At two years 
the average length of his sentences is 1.7' 
words. At five it has expanded to 4.6 


rt, «u, au, iiy ,ea, eli, ei, ej 


a, ai, av, e, ea, ei 


6, bb 


ch, teb, le, ti, lu 


d, del, ed 



a, ae, ai, ay, o, ea, ei, eo, ic, oe, u 


lie, ay, c, ea, cc, ei, eo, ey, i, le, oe 


/, ff, gh, ph 


g , f>:b, {?uo 


h, wh 


e,ee, i, le, y 


ai, a> , ei, , i, le, uy, y, j e 


cb, d, dg, dgc, di, g, gg, j 


<\ cc, ceb, cb, ck, cq, eque, cu, gli. A, qu 


cbm, gm, Im, m, ml), nim, inn 


gtj, kn, M, nil, pii 


11, ;ig, ngue 


au, eau, eo, ew, o, oa, oe, oh, oo, ou, o'vv 


ah, al, au, aw, o, oa, ou 


cu, cw, 0, oc, of>, ou, ii, ue, ui 


oil, ougb, oic 


P> PP 


rli, rr 


c, ce, s, sc, sell, ss 



ce, ch, Cl, pell, s, scli, eci, se, sli, si, ss, ssi, ti 


cd, ght, t, Ih, tt 


lb 


th, llie 


o, oe, oo, ou, tt 


eau, eu, cue, ew, leu, lew, u, ue,m; yu, yew, 
you 


er, ear, ir, or, our, ur, yr 


f, ph, D, vv 


2, j, r 


, sc, BS, X, Z, ZZ 


g, S, St, Z, 21 



o, ai, e, ei, eo, i, la, o, oi, ou, u 


ate, ram, gauge, ray', steak, eb, v eil, obey 


dare, chair, prayer, there, wear, their 


father, sergeant, liearth 


bed, hobby* 


chief, catch, righteous question, natural 


do, ladder, pulled 


any', aesthetic, said, savs, ebb leather, heifer, 
leopard, friend, foetid, bury 


Caesar, quay, equal, team, see, deceive, people, 
key, machine, field, amoeba 


feed, muftin, lough, physics 


give, egg, ghost, guard, demagogue 


lilt, who 


England, been, it, sieve, women, busy, build, 
livinu 


aisle, ave, height, eve, lee, tie, buy , sky', lye 


Greenwich, graduate, judgment, bridge, sol- 
dier, magic, exaggerate, just 


car, account, bacchanal, character, back, 
acquaint, sacque, biscuit, hougli, kill, liquor 


live, call 


diachm, paradigm, calm, moie, hiub, hammer, 
by mil 


gnat, knife, not, runner, pneumatic 


pink, ling, tongue 


wander, box 


hautboy, lieau, yeoman, sew, note, road, toe, 
oil, biooch, soul, llow^ 


tall, Utah, talk, fault, raw, order, broad, fought 


maueuvci, giew, move, canoes oo/.e, troupe, 
rule, flue, flint 


volf, look, should, pull 


oil, toy 


out, hough, brow 


pen, stopper 


red, rhythm, carrot 


citys mice, see, scene, schism, loss 


ocean, machine, special, pshaw, sugar, schist, 
conscience, nauseous, ship, mansion, tissue, 
mission, mention 


talked, boiiglil, toe, thyme, bottom 


thin 


then, bathe 


son, does, flood, couple, cup 


beauty, fend, queue, few, adieu, view, use, cue, 
suit; yule, yeiv, you 


term, learn, thirst, ^yorm, courage, hurt, myrtle 


of, Stephen, visit, fliwer 


choir, quiet, well 


lorgnette, union, hallelujah, yet 


has, discern, scissors, Xerxes, zone, dazzle 


garage, measure, division, azure, brazier 


alone, mountain, system, mullein, dungeon, 
easily, parliament, gallop, porpoise, curious, 
circus 


ar, er, ir, or, our, ur, yr 


liar, father, elixir, labor, labour, augur, martyr 


INTERNATIONAL PHONETIC ALPHABET is an indispensable tool in 
the study of infant speech* In it there is only one symbol for each of the 
elemental sounds that can be uttered by the human voice. A baby is able to 
make from one to six such elemental sounds durin» a single exhalation. 
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w 01 els The 10 words most otten used in 
constructing the first sentence are. ‘1,’’ 
“it/’ “you/’ ‘That/’ “do, “a/’ this, 
"not” and “the.” Nouns and veibs at fiist 
are used more fre(|uently than adjectives 
and connectives. 

N OW the question of primary scien- 
tific interest is- Does infant speech 
exhibit anv degree of oiderliness in its 
development, in otliei woids, aie there 
any discernible natural laws governing 
the emergence of speech patterns'^ To an 
iinti-amed observei, infantile babbling 
seems to be simply an amoiphous mass 
of sound, incoheient, unintelligible, cha- 
otic, at times monotonous^ repetitive, at 
other times m a maivelously complex 
state of flux On the face of it diere seem 
to be baldly any legulanties in it. Yet it 
has been found to be quite orderly, and 
its imestigation has yielded a numbei of 
statistical laws 

To understand this statistical analysis, 
a few definitions of terms used by woik- 
ers in this field will help. The elemental 
speech sounds are called phonemes For 
present purposes a phoneme will be des- 
ignated as a phoneme hq:ie. The vowel in 
the wmid “hat” is a phoneme tyq^c, as is 
each of the consonants in the word. The 
term type, tlien, refers to the speech 
sounds^ listed m the International Pho- 
netic Alphabet. Anothei term employ ed 
IS frequency, which refeis to the number 
of times a tyqie ocems. 

Suppose w’e ha\ e painstakingly \usited 
about 100 babies in their homes twice 
each month from hiith to tw’o and a halt 
y-ears of age At each visit all the sounds 
that the cluld utters on, say% 30 breaths 
have been recorded. Then our data w-ill 
consist of sounds on 30 breaths for each 
of the 60 visits dmiiig the 30 months of 
the period studied Foi statistical con- 
venience, instead of analvzmg the prog- 
ress of the 100 infants month by month, 
let us consolidate the data into t\vo- 
month intervals or age le^"els. This will 
give us 15 age levels with winch to work. 

If we now average the number of 
phoneme tyqiies, or kinds of sound, ut- 
tered hv the 100 babies at each of the 
15 two-month age levels, w^e wall find 
that the mean number increases from 
age level to age level. The number rises 
at a regular rate, which is defined hv 
the following mathematical equation. 
N=T 53A”^‘^. N stands for the number 
of tyqies. and A for the age This equa- 
tion tells us that the number of phoneme 
ty-pes equals 7.53 times the age laised to 
.471 power, and that a curve plotted 
from this equation will be a paiabola. 

The curve affords a picture of the na- 
ture of speech development during in- 
fancy. It shows that infants during the 
first two months of life use on the aver- 
age about se\en and a half sounds. At 
the end of two and a half years, the 
average infant uses about 27 sounds. 
Now there are about thi'ee dozen pho- 


nemes 111 the International Alphabet 
The curve thus tells us that on the aver- 
age the baby of two and a halt years 
vocalizes only about twm thirds of the 
sounds he wall later use, so that the 
achievement of a full complement of the 
phonetic elements is still a matter of fur- 
ther de\-elopment. 

The curve also indicates that piogiess 
is not made in equal inciements If the 
inciements vveie equal, the curve wmuld 
be a sti-aight line It is, how^evei, a de- 
celerating cur\ e, w’hich means that al- 
though the baby continues to increase 
his masteiy of new^ sounds, he does so 
at a sleadiiv declining late This matter 
of late is impoitant to paients The aver- 
age paients are tiemendoiislv concerned 
to know whether their child is “keeping 
up/’ 01 w-hy the youngster next door is 
“ahead of”^ then child. The equation, 



DEVELOPMENT OF SPEECH in 
oluldren of professional families 
{solid line) is somewhat faster than 
that of those in laborers* families. 

then, is a precise formulation of a con- 
cern vital to every paient and, as w^e 
shall see later, may be used to establish 
a faii-ly accurate answer to a parent’s 
questions about his child’s pi ogress. 

In the acquisition of new sounds, in- 
fant girls show a superiority' to boys. In 
the first y ear there are no sex differences 
ill development, but theieaftei there is 
an increasing tendency for girls to sur- 
pass boys. 

When we considei tlie frequency, or 
the numbei of times the phoneme fyqies 
are used, the situation is reversed. Now 
the boys advance more rapidly than the 
girls, m other words, they use fewei dif- 
ferent sounds, but tliey do more talking. 
For bodi boys and gnds, the frequency 
rates fomi accelerating curves, in con- 
ti-ast with the decelerating curves for 
phoneme types. This means, of course, 
that the babies use the sounds they have 
acquired more frequently as they grow. 

Thus on the basis of two different 
CTiteria of speech development, we see 
that the early incoherent efforts of in- 


fants towaid tiue speech are not as amoi- 
phous 01 as chaotic as eveiyday obseiva- 
tion might suggest. 

With the equations thus developed, 
we can study the differences in speech 
development of infants in different home 
environments A compaiison of the 
speech of babies of working-class fami- 
lies with those whose fathers are doctors, 
lawyers, teachers or business owners is 
shown m the chart on this page. These 
cur\es are based on the fr-e([Lienc\ crite- 
lion of speech development Bv this cri- 
terion the speech development of babies 
in homes of workeis is considciably be- 
low that of the professional group One 
suggested explanation is that the expe- 
iieace of the woiker’s child is more 
manual, while the enviionment in the 
^professional household is highly verbal 

We have found that low-grade feeble- 
minded children, that is, idiots and im- 
beciles, in the fomth yeai of life possess 
the speech-sound status of year-old in- 
fants When these childien weie exam- 
ined a year later, they had made no 
progiess whatever This degree of speech 
retardation is practically hopeless. A 
study IS now being made of what con e- 
lation exists between intelligence and 
speech development m noimal infants. 

If speech development is really sub- 
ject to natural laws, it should be possible 
to diagnose the speech-sound status of 
any' infant and determine whether it is 
letarded, normal oi advanced Suppose 
a mother asks us to tell her whelhei hei 
18-month-old child is progressing noi- 
mally in its speech development. The 
piocedm*e would be to obtain several 
samples of the child’s speech sounds 
from which to determine its aveiage 
phoneme fi'equency. Suppose this value 
is 100. This would intersect the average 
curve for all childien of 18 months at 
the 5()th percentile, or the median, mean- 
ing that the child’s development is per- 
fectly normal. In fact, if its value fell 
between the 25th and 75th percentile 
lines, the infant’s speech-sound status 
would be considei ed aveiage. If the 
value fell lietween the 75th and 90lh 
percentile cmves, the child would be 
considered above average, above the 
90th percentile it might be considered 
very advanced. If, on the other hand, it 
fell below the 10th percentile, the infant 
would be diagnosed as greatly retarded 
It appeals that at least some progress 
has been achieved in finding the an- 
swers to a few of the questions concern- 
ing the beginnings and subsequent de- 
velopment of speech in the human being. 
The next step in this enteiqoiise is to dis- 
cover leniedial measmes for babies 
whose speech seems to show retardation 


Oiuis C, Irtoin is research asso- 
ciate professor of psychology in 
the Iowa Child Welfare Research 
Station at the Univ'erslty of Iowa. 
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Fzanies ol: mov'ie film, taken with Kodak tligh Speed Canieia, show a desk- 
l\pe calculating machine pcrioimmg automatically at five handled ipm 

Now high speed movies 
with good depth of field 


T oday high speed movies provide the research scientist with more 
detailed infoimation than ever. For with the Kodak High Speed 
Camel a, these pictures are sharp and clear and in addition have xe- 
maikably good depth of field. 

This is due both to the high intensity lighting now available and 
to the high-quality optical system which employs a lotating, accuiately 
plane-paiallel glass plate behind the lens to sweep the image in syn- 
chionism with the tiaveling film. 

In the example illustiated, the camera was opeiating at 2000 fiames 
per second with a lens aperture of f/8. Illumination of 7 to 15 times the 
intensity of sunlight on a bright day was piovided by the new General 
Electric 750R Reflector Photographic Lamp/^ 

If you would like more infoimation about the Kodak High Speed 
Camera, just mail the coupon, Eastman Kodak Co., Rochester 4, N. Y. 

Tins lamp may be oideied fioni your local Kodak dealer* 


tbe Kodak Camefa 


EASTMAN KODAK COIMPANY, Rochester 4, N Y. 

Gentlemen * 

Please send me. □ your folder ^‘Magmfying Time’' which describes the 
High Speed Camera; □ a 16mm. sample reel of high speed motion 
study which I may boirow- 


Address^ 




NO Oil CHANGE. 
fOR^(/0^‘ 

Dow Corning 200 Siikone Fluid Adds 
Years Of Life To Oil Burner Fan Motors 



Photo coufrtesy Bfeese Burners, tnc 

fiieormss^ of the BREESE DRAFBOOSTER oil 
furnace fan motor are lubricated with DC 
200 Silicone Fluid to give years of satisfac- 
tory maintenance-free service. 

Breese Burners, Inc , Santa Fe, New Mexico, 
manufactures the Draffaooster, one of the 
best fan motors ovarlafaie for oiZ-firec? fur- 
naces. Years of research and testing are 
incorporated into the design of this effi- 
cient unit and only high grade materials 
are used in its construction. Breese engi- 
neers learned, however, that in spite of 
welf written instructions, few customers 
bothered to change oil each year. After 
two or three years^ use, the oil was so 
badly oxidijted and carbonized that the 
entire unit had to be reploced. 

In 1944 Breese engineers obtained a sample 
of low Viscosity DC 200 Silicone Fluid and 
subiected it to accelerated breakdown tests 
similar to those set up for testing the 
mineral oils Breese had been using. 

M. D. Huston, Mgr. Sales Engineering for 
Breese, hod this to say obout the breakdown 
testing: "To our great surprise, the silicone 
fluid worked perfectly and showed no signs 
of oxidation or other deterioration. V/e 
immediately put Drafboosters containing 
DC 200 on lifetime field tests under the 
most severe operoting conditions. A regent 
check of one unit which has been working 
since 1944 revealed the DC 200 Silicone 
Fluid is still just as good a lubricant os 
when it was put in. In August, 1948, we 
stondardized on DC 200 Fluid for all our 
Drolboosters.-" 

For more information about Dow Corning 
Silicones coll our nearest branch office or 
Write for our S2-page booklet 20-AD9. 

DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 

Atlanto • Chicago • Cleveland * Dollas 
Los Angeles • New York 
In Canado: Bberglas Canada, Ltd., Toronto 

In England: Albright and Vifilson, Ltd., London 




Television and the Family 

I N nearly two miUion U. S. homes, the 
flickering screen of the television set 
has paralyzed the family in its chairs. 
Obviously it is about time somebody be- 
gan to measure the impact of this new 
social force, and some prehminary data 
are now at hand. Under the sponsorship 
of the Colmnbia Broadcasting System, 
the Rutgers University sociologists J, W. 
Riley, R. F. Cantwell and K. F. Ruttiger 
studied a sample group of 278 television- 
owning families in a small Eastern city 
for a period of two months and com- 
pared them with a hke gi’oup of non- 
owners. 

The investigation documented one 
fact of which parents were already 
aware, that television's most powerful 
impact IS on the children. Youngsteis 
witli a set in the house average more 
than two hours of watcliing each evening 
—and aie lemarkably difficult to put to 
bed. One measure of its comparative 
fascination for children is the fact that in 
households without television sets the 
children average only half an hour of 
radio listening an evening. 

The Rutgers investigators found that 
the acquisition of a television set cut 
heavily into the time a family spent in 
movie-going, hstening to the radio and 
attending sports events— but after six 
months, when the novelty had worn off, 
attendance at sports events rose again. 
Television families also did much less 
visiting, and it was statistically demon- 
strated that they had more visitors. Ap- 
parently television did not greatly re- 
duce a family’s reading or participation 
in sports. 

Perhaps the most surprising finding 
was the difference in the hold of tele- 
vision on different social groups. Own- 
ership of television sets was of course 
proportionately higher in the higher in- 
come groups^ but the proportion of low- 
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income owners is rising. The investi- 
gators found, however, that families 
with little education lose interest in 
television piograms sooner than the bet- 
ter educated, .Among families whose 
adults had only a grammar-school educa- 
tion, 80 pel cent were found using their 
television sets on any given evening dur- 
ing the first few months of ownership, 
but after six months the proportion 
diopped to 53 per cent In college-edu- 
cated families, the use of the set dropped 
only from 74 per cent at the beginning 
to 67 per cent after six months. 

Man Bites Publisher 

U S. PHYSIOLOGISTS have for 
• years been kept busy defending 
themselves against tlie unflagging anti- 
vivisection campaigns of the Hearst 
newspapers, which have not only made it 
difficult to procure animals for research 
but have reflected on the personal chai- 
acter of many investigators. Last month 
the physiologists made the “man-biles- 
dog” type of news by taking the offensive 
against their attacker. Through the in- 
itiative of the National Society for Medi- 
cal Research, their defense organization, 
they filed two niillion-dollar libel suits 
against William Randolph Plearst and 
the Hearst Publishing Company, Inc. 

In one suit, N. R. Brewer, physiology 
lecturer and director of the animal quar- 
ters at the University of Chicago, asks 
damages because an aiticle m Heaist’s 
Chicago Hei ald-American described him 
as a '‘torturer,” ‘‘sadist” and “cruel ex- 
perimenter.” The author of the other suit 
IS Virgil H. Moon of the Wake Forest 
College Medical School. Some time ago 
the Her old- American quoted Moon as 
having said in an interview that ani- 
mal experimentation is useless. The 
scientist declaies that the in tei viewer 
“maliciously misrepresented his views” 
and seriously damaged his standing in 
his profession. 

The National Society is preparing two 
more suits against Hearst. “Other suits 
wiU follow if necessaiy^” said the Soci- 
ety’s president, Anton }. Carlson of the 
University of Chicago. “Medical science 
lefuses to be ‘the goat’ any longer for 
the ugliest and most baseless vilification 
campaign of our times. A counter- 
attack in the couits will be pursued to 
the utmost.” 

Atomic Energy 

T he richest source of uranium in the 
Western world is the Shinkolobwe 
mine in the Belgian Congo. The mine 
is controlled and operated by a part- 
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ly Bntish-owned company, the Union 
Minieie de Haute Katanga On August 1 
the contiact between this company and 
the U S Atomic Energy Commission, 
by which the U. S. has received its chiel 
supplies ot uranium, expiied. This ap- 
peals to be the chief piecipitating factoi 
behind the recent series of secret top- 
level discussions among U, S , British 
and Canadian ofRcials on atomic eneigy 
policy. 

Because ol uranium’s gicat stiategic 
impoitance, the mineral lias been re- 
moved fiom tree commeicc virtually all 
ovei the woikl Among the Westciu 
nations it is sold in a stiictly closed, 
con ti oiled maiket prices aie fixed, and 
m effect all supplies aie allocated by 
agieement between the U. S. and Great 
Britain. Thus the expiiation ol the Bel- 
gian Congo contract has piovidecl the 
British with an effective occasion for ask- 
ing for a leview of then present limited 
paiticipation m atomic encigy develop- 
ments. 

The lull paitncrship m this field that 
existed during the war among the U, S., 
Britain and Canada was radically alteied 
by the Atomic Eneigy Act ol 1946. The 
law ended the fiee exchange ol inlornia- 
tion among atomic scientists of the ihiee 
countries, and since then they have gone 
separate ways in their follow-up re- 
seaich Now the British want to resume 
a closei paitnership. In return for con- 
tinuing to allow the U. S. to buy the 
majoi output of the Belgian Congo mine, 
they apparently would like some infoi- 
mation on lecent U. S. work in atomic 
energy, including weapons, and peihaps 
some important U S. -produced mate- 
lials, such as plutonium. The British veiy 
likely have also pointed out that they 
can offer, as an additional quicl pro quo, 
some valuable information that they and 
the Canadians have developed in their 
atomic energy research. 

The situation has all the makings for 
a solid impasse in the coming months. 
President Tinman has assured Congress 
that no seciet information will be given 
to the Biitish without the consent of 
Congress. Two members of the Joint 
Congressional Committee on Atomic En- 
ergy— Senators Bouike B. Hickenlooper 
of Io\Va and William F Knowland of 
California— have announced their oppo- 
sition to giving such information. If the 
British were to take an equally uncom- 
promising position on Belgian Congo 
uranium, U. S. uranium sources would 
become severely limited. Many U. S. po- 
litical strategists doubt, howevei, that 
the British would go so far, in view of 
their need for Marshall Plan assistance. 

In the sixth semi-annual report of the 
Atomic Energy Commission, issued last 
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assures accurate measurements of specimen thickness. 
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Ws o far cry from the original incandescent lamp to the long-lived, effi- 
cient lamp coming off today's production line. Kinney High Vacuum Pumps 
are making available, at low cost, many vital products that only yesterday 
were laboratory discoveries. 

Processing with Kinney High Vacuum Pumps has unlimited possibilities — 
the large scale production of electronic tubes, coated lenses, the miracle 
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month, the Commission laid some stress 
on Its work in developing uranium re- 
sources in Colorado. It reported that 
there was enough uranium in the car- 
notite rocks theie to supply U. S. needs. 
But the cainotite ores are of such low 
grade that an investment of hundreds of 
millions of dollars would be required to 
exti*act the metal in suflficient quantity. 

jMeanwhile three researchers an- 
nounced that they had developed a new 
process for puiifying thorium, another 
potential source of nucleai fuel. Thorium 
can be converted into fissionable ura- 
nium 233. It is a plentiful element, large 
amounts of it aie available in black beach 
sands in Brazil and India, The metal has 
been difficult to puiify because it has a 
tendency to foim gelatinous compounds 
that clog chemical apparatus and hold 
large amounts of impurities. The new 
process, devised by Louis Gordon and 
C. H Vanselow of Syiacuse Umveisity 
and H H Willaid of the University of 
Michigan, pioduces dry thorium salts. 
The AEC’s sixth semi-annual report 
[ announced continued gains m improving 
the production and i educing the costs 
of the fissionable mateiials uianium 235 
and plutonium. It also disclosed that 
the Western Electric Company and Bell 
Telephone Laboratories had taken over, 
as conti*actors, the operation oi tlie AEG 
centei at Sandia, N M., which has now 
become the principal center for the 
manufacture of atomic bombs. 

The sixth semi-annual repoit was de- 
voted in the mam to a leview of the 
AEC’s woik in biology and medicine. Its 
chief item of news the maximum safe 
limit of exposure to radiation, which has 
been one tenth of a unit per day since 
the beginning of the atomic eneigy 
project, is to be reduced to about half of 
that amount— tln*ee tenths of a unit per 
week. AEG investigators recently discov- 
ered that a tenth of a unit of radiation 
per day may i educe feitility and pioduce 
tumors in animals, 

f/.S.S.i?. Steel Plunge 

S TEEL technicians m the U. S. have 
experimented for some time with the 
use of oxygen to impiove the efficiency 
of blast furnaces. They have shown that 
enrichment of tire blast with oxygen 
substantially increases a furnace’s pro- 
duction of pig non. But because the tech- 
nique requites expensive alterations in 
existing blast furnaces and has not dem- 
onstrated any appreciable saving of coke, 
it is still considered only an experiment 
in the U. S. 

Now the U.S.S R. is reported to be 
making a bold investment in the idea. It 
is said to be spending the equivalent 
of $2 billion on the construction of new 
steel plants in the Donbas and Soviet 
Asia that will use the oxygen process. 
The authority for this report is Gerald 
Oster, physical chemist of the Univer- 
sity of London, who described the 
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project in the Annals of the Ameiican 
Academy of Political Science 

Petci Kapitza, the U.S.S R 's leading 
physicist, IS said to have designed a tui- 
bine that will piodiice pine oxygen 
cheaply and in laige quantities. Accoid- 
mg to the Russians, the oxygen blast 
furnace technique that they have devel- 
oped, the details of which aie not stated, 
1 educes the cost of steel-making by 25 
to 30 pei cent. 

Another majoi techmeal development, 
which may have a direct bearing on the 
USSR project, has been leporied by 
Noiway. This is a process that may vastly 
inciease the supplies of coke. A huge 
pait of the world’s bituminous coal re- 
somces have hitheito been classed as 
“non-coking ” These^ coals break up into 
dust when they are heated with con- 
ventional coke-making piocesses that 
diive off the watei and volatile oiganic 
substances. A way to make coke liom 
“non-coking’' coals, developed by a Noi- 
wegian electiochemical Brni, was re- 
ported to a lecent world-wide scientific 
conference at Lake Success sponsoied by 
the United Nations. Bituminous coal is 
crushed and pressed into briquettes, 
which are then heated slowly in an 
electiic fiunace. The lesultmg coke 
briquettes meet the exacting require- 
ments of a blast furnace . The process is 
practical wlieicver cheap water powei is 
available. 

Suns Closest Neighbor 

A stronomers have hunted m vain 
- for cenluiics for some liody in the 
solar system that might appioach the sun 
more closely than the planet Mercuiy, 
whose mean distance fiom the sun is 36 
million miles. Now Walter Baade of 
Palomar Observatory has found one. It is 
an asteroid, only nine tenths of a mile 
m diameter, which in its great elliptical 
oibit sometimes comes within 22 million 
miles of the sun. 

In the 19th century an obscure French 
village doctor named Lescarbault 
claimed the discoveiy of a new planet 
between Mercury ancl the sun. The sup- 
posed planet, named Vulcan, was be- 
lieved to account for ceitain unexplained 
perturbations in Mercuiy’s orbit But 
Lescarbault’s planet was nevei found by 
any other observer. In 1878 the Univer- 
sity of Michigan astronomer James 
Craig Watson saw two planetlike bodies 
near the sun during an eclipse, ancl 
during the same eclipse Lewis Swift, 
another American astronomei, leported 
seeing a third body. None of the three 
was ever seen again, however, and 
astronomers concluded that they were 
actually stars. The mystery of Mercury’s 
apparent perturbations was finally 
cleared up by Albert Einstein's revision 
of Newtonian gravitation in his general 
theoiy of relativity. 

The new asteroid, found with Palo- 
mar's big Schmidt photographic tele- 
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scope, IS certainly not one of the objects 
seen bv Watson oi Swift. It is too small 
to have been detected with theii equip- 
ment. Discovery of the asteroid will help 
to determine the mass of Mercury more 
precisely. The asteroid's football-shaped 
01 bit varies in distance from 22 million 
to 156 million miles from the sun. Its 
closest appioach to the earth is four mil- 
lion miles. 

The Bee Work Goes On 

T he remarkable studies of the lan- 
guage of bees by the Austrian zoolo- 
gist Karl von Frisch [Scientific Ameri- 
can, August 1948] have evoked both 
admnation and skepticism among biolo- 
gists. One of the skeptics, the British 
zoologist W. H. Thorpe of Cambridge 
University, went to von Frisch's labora- 
tory m Graz last year to see for himself. 
He returned an enthusiastic supporter of 
von Frisch's “astonishing” and “revolu- 
tionary" findings. In the British journal 
Nature he declares himself convinced 
by the Austiian investigator's “very im- 
pressive evidence." 

Von Frisch has shown by a number of 
careful experiments that bees returning 
to a hive inform their fellow bees of tlie 
distance and duection of a feeding place 
by means of wagging dances on the 
comb. Using the sun as a pomt of ref- 
erence, they indicate the direction by 
the angle at which they pomt in their 
dance on the vertical comb, Thorpe was 
most impressed with some recent work 
by von Frisch which proved that the 
bees are sensitive to polarized light in 
the sky. Even when they can see only a 
patch of blue sky from the hive, the bees 
can determine the position of the sun by 
the polarization of light from the patch 
of sky, and they change the direction of 
theii wagging dances when the polariza- 
tion changes. 

Thorpe concludes. “The performance 
of the waggle dance on the vertical comb 
is so remarkable tliat we are forced to 
ask ourselves whether, apart from hu- 
man faculties, there is any tiling com- 
parable known in the ammal kingdom; 
for I think it may be said that the per- 
formance of the worker hive bee is essen- 
tially an elementary form of map-making 
and map-reading. . . . [von Frisch's] 
work poses tremendous problems for the 
neurophysiologist and psychologist [and 
requires] a reconsideration of some of 
the most fundamental concepts used in 
our explanations of tlie behavior of in- 
sects and other animals." 

Cell Analyzer 

A HIGHLY sensitive new instrument 
for analyzing the chemical compo- 
sition of cells has been developed by 
Arthur W. Pollister of Columbia Univer- 
sity, It makes use of the fact that proteins 
and nucleic acids, the most important 
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We hear on every side that the American 
Way of Life is in danger. I think it is. I also 
think that many of those who talk the 
loudest about the dangeis to the Ameiican 
Way of Life have no idea what it is and 
consequently no idea what the dangers aie 
that It IS in. 

You would suppose, to listen to these 
people, that the American Way of Life con- 
sisted in unanimous tribal self-adoration. 
Down with criticism; down Avith protests; 
down with Unpopular opinions; down with 
independent thought. Yet the history and 
tradition of our country make it perfectly 
plain that the essence of the American Way 
of Life is its hospitality to ciiticism, pro- 
test, unpopular opinions, and independent 
thought. A few dates like 1620, 1776, and 
1848 are enough to remind us of the motives 
and attitudes of dur ancestors. The great 
American viitue was courage. 

We ought to he afraid of some things. We 
ought to be afraid of being stupid and un- 
just. We are told that we must be afraid of 
Russia, yet we are busily engaged in adopt- 
ing the most stupid and unjust of the ideas 
prevalent in Russia, and are doing so in the 
name of Americanism, The worst Russian 
ideas are the police state, the abolition of 
freedom of speech, thought, and association, 
and the notion that the individual exists 
for the state. These ideas are the basis of 
the cleavage between East and West, 

Yet eveiy day in this country men and 
w'omen are being depiived of theii liveli- 
hood, or at least their leputation, by un- 
substantiated charges. These chaiges are 
then treated as facts in fuither charges 
against their relatives or associates. We do 
not thiow people into jail because they are 
'alleged to differ with the official dogma. 
We throw them out of work and do our 
best to create the impression that they aie 
subversive and hence dangerous, not onh 
to the state, but also to everybody who 
comes near them. 

The result is that every public servant 
must try to remembei every tea party his 
wife has gone to in the past ten years and 
endeavor to recall what representatives of 
which foreign powers she may have met on 
these occasions. A piofessor cannot take a 
position on any public question without 
looking into the background of everybody 
who may be taking the same position on the 
same question. If he finds that any person 
who is taking the same position on this 
question has been charged with taking an 
unpopular position on another question, 
the professor had better not take any posi- 
tion on this question, or he may he haled 
before some committee to explain himself. 

Is this the American Way oi Life? 
The gieat American word is freedom, and 
in particular, freedom of thought, speech 
and assembly. Asserting the dignity of man. 
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WHAT PRICE FREEDOM? 

by ROBERT M. HUTCHINS 

Chancellor of Chicago U niversiiy 
— at fhe 237fh convocafion — 


and ot eveiy man, Ameiiea has pioclaimeci 
and piotected the fieeclom to cliftei Each 
man i» supposed to think ioi himselt The 
sum ot the thoughts of all is the wisdom ot 
the community Dilfeience, disagi cement, 
discussion decided by democratic piocesses 
are requiied to bung out the best m the 
citizens. Ameiica has giown stiong on 
criticism It would be quite as tonsistent 
with the Ameiican Way of Lite to offei 
prizes loi the most penetiating ciiticism ol 
oui Lountiy as it wmuld be to offei prizes to 
those who have done the best job of adver- 
tising it. 

The beau of Ameiicanism is independent 
thought The cloak-and-stiletio woik that 
is now going on will not mei ely mean that 
many peisons wdll suffer for acts that tliey 
did not commit, oi foi acts that were legal 
ivhen committed, or lor no acts at all. Far 
worse is the end lesiilt, which will be that 
Clitics, even of the mildest soit, will be 
frightened into silence. Stupidity and in- 
justice will go unchallenged because no 
one will daie to speak against them. 

To persecute peoide into conformity by 
the uon-Iegal methods popular today is little 
bettei lliau doing it by purges and po- 
groms. The dieadlul unanimity ol Itilial 
self-adoration was characleiislic ol the Nazi 
state. It is sedulously iosteied in Russia. It 
is to the last degree on-Ameiican. 

Amencan education has not been (on- 
structed on such un-American inmciples. 
In general, the piaclice has been to give the 
student the lads, to liy to hell) learn 
to think, and to uige him to leach his own 
conclusions. It is not surprising that the 
heart of Amencan education is the same as 
that of Ameiicanism: it is independent 
thought. Amencan education has not tried 
to pioduce indocU mated automatons, but 
individuals who can think, and who will 
think always foi themselves. The basic 
piinciple of Ameiican goveiumcnl, and one 
that accounts foi the impoitance of educa- 
tion in this countiy, is that if the citizens 
leain to think and if they will lliink foi 
lliemselvcs, the Republic is secuie. The 
basic piinciple of the Russian diclatoiship 
^ is that the people cannot think or cannot 
be li listed to think foi themselves. 

The American doctrine lests on the piot)- 
osition that it is the individual m himself 
that counts. It is not who his iathei was, 
or how much money he has, oi what his 
coloi or deed is, or what party he belongs 
to, Ol vvho his friends are, but who and what 
is he? So the test of a teacher is whether he 
IS competent. The piofessional competence 
of a teacher is haidly a question on which 
by bodies, oi even administrators oi 
trustees, w'onld ^cish to pass without the 
advice of persons pi ofessionally competent 
in the teacher’s field 

If we apply any other lest than com- 


petence in detei mining the qualifications 
ol leadieis we shall find that pies-sures and 
piejudice wnll cleteiniine them. In 1928 it 
w^as said that A1 Smith could not be Piebi- 
deiit ]>ccause he would be suhseivient to a 
toieign pow'ei , and today in many places, 
and if not today it may happen tonioriow', 
anii-Latholic oi anti-Jew ish campaigns may 
moan that leacheis who belong to those 
chinches will not he able to piactne then 
pi ofession 

Teacheis may be expected to obey the law 
of the land But it is still peimissible, I hope, 
to ask whether a law is w ise. To discriminate 
against leaclieis — to act as tliongh they veere 
all disloyal — and to put them under special 
legal disabilities seems m|udicious if we 
want able, independent men to go into the 
teaching prolession 

The assnmiition appears to be that Ameii- 
can education is full ot Reds, an assumption 
that is the precise reveise of the until. All 
the excitement of the last few years, all 
the healings, investigations, and publicity 
releases, have not tmuecl up more than toui 
Ol five Communist t)i ofessois, even though 
meinbeiship in the Party has been pet* 
leclly Icigal up to now% To require oaths of 
loyalty fioin all because of the ecccnlricily 
ol an infinitesimal minority is an unneces- 
sary and derogatoiy act. And of course it 
will not effect any useful purpose; I’oi 
leacheis who me disloyal will he dishonest; 
they will not sin ink fiom a htlle peijuiy 

The way to fight ideas is to show that you 
have hetlci ideas. No idea is any good un- 
less it is good in a crisis. You deinonstiate 
the failiue of yoiu ideas if, when the crisis 
comes, you abandon them or lose faith in 
them Ol get confused about them to the 
point of forgetting what they are The Amer- 
ican idea is frecclom- Freedom necessarily 
imiilies that the status quo may come undei 
the criticism of those wdio think it can be 
imiuoved. The American idea is that the 
slate exists for its citizens and that change 
in society must occur to meet theii develop- 
ing needs Tlie whole theory of our form 
ol government is a theory of peaceful 
change. Many of the changes that Maix and 
Engels demand m the Communi&t Manifesto 
have taken place in this country, and they 
have taken place without communism, with- 
out dictatoiship, and without i evolution, 
thus dispiovmg, incidentally, one of the 
cential theses of Maix and Engels, that such 
things cannot be accomplished without com- 
munism, dictatorship, and revolution. 

These reflections on the Comniunist Man- 
ifesto lead me to say that labeling some 
thing or some man communist because com- 
mmusls happen to favoi it or agree wnth 
him, that easy piocess by which one disposes 
of different views by applying a dirty name 
to them, involves the negation of thought 
of any land. If it had been applied con- 
sistently in American history it would have 


deprived us of some ideas and some men 
that we aie pioud to think cliaiacteristically 
Ameiican Foi example, the Communist 
Manifesto demands fiee education for all 
Aie we theiefore to lecant, and lenounce 
oiii doctiine lor fiee education foi all? 

And what would the F.B.I. say oi Thomas 
Jeffeison, who calmly remarked in his Fiisi 
Inaugiual, ‘Tt theie be any among us who 
wish to dissolve this union, oi change its 
lepubhcan foim, let them stand iindis- 
tuibed, as monuments ot the salety with 
which eiioi of opinion may be toleiated 
wbeie leason is left fiee to combat it.”? 

Jeffeison was not in favor ol i evolution; 
he was serene in the fate of talk of it be- 
cause he had conbdence in oxii people, in 
our institutions, in demociacy, and m the 
value, powder, and lesults of independent 
thouglit. 

We aie now in the midst of a cold war 
We must pioteet oui selves against external 
enemies, their representatives in this coun- 
try, and any citizens who may be conspiring 
to overthiow or betiay the government. Bui 
the statute hooks are aiieady filled with 
laws directed to these ends. It has nevei 
been sho)vni that theie are so many spies oi 
traitois in this countiy, or that the external 
danger is so great and imminent that we 
Jiave to divert the entire attention of om 
people into one gieat repiessive preoccupa- 
tion, into one great countcr-t evolution in 
which the freedoms of our citizens must be 
thrown oveihoard as too buidensome for 
the floundeiing ship of state to carry 

It is useful to lemembei that .Tefteison 
spoke in 1801, when om Constltiitiou ^\as 
twelve years old, and iv^hen the infant le- 
public was in dreadful danger fiom deep 
divisions within and Irom the wars that 
wex'e raging between the great powers. If 
he was right in speaking in such a way at 
such a time, we cannot be far wTong if nows 
when Ameiica is the most powerful nation 
on eaith, we seek to lecaptuie some of his 
sanity and courage. 

How^ is the educated man to hliow' the 
fiuils of his education in times like these? 
He must do it by showing that he can and 
will think for himself. He must keep Ins 
head, and use it. He must never push othei 
people around, nor acquiesce when he sees 
it done. He must stiuggle to retain the per- 
spective and the sense of piopoitioii that 
his studies have given him and decline to 
be carried awmy by waves of hysteria. He 
must he piepaied to iiay the penalty of un- 
populaiitj He must hold fast to Ins faith 
in freedom. He must insist that freedom is 
the chief gloiy of mankind and that to le- 
press It is in effect to repiess the human 
spirit. 


INTERNATIONA! LATEX CORPORATION 

PIAYTEX PARK * DOVER DELAWARE 

''You and every man in business are trustees of this Nation and the world" ^ 



Medical Microscopes 



BINOCULAR MICROSCOPE 
BST 25/92 

(Interchangeable monocular 
tube with draw tube available) 

The ideal instrument for the 
medical projession ojjfeiing: 

Ball-bearing fine adjustment 
Built-on, ungraduated mechan- 
ical stage 

Quadruple nosepiece 
3 Achromatic Objectives. 

16 mm,, 4 mm., 1/1 2th oil 
2 pairs of eyepieces 
Magnifications 60-1000X 
$476 





MONOCULAR MICROSCOPE 
CT 25/92 

The preferred student and lah^ 
oratory microscope featuring^ 

Sturdy construction 
Unsurpassed optical perform- 
ance 

Smooth-operating fine adjust- 
ment without gears 
Built-on, ungraduated mechan- 
ical stage 

Magnifications 60-1 OOOX 
$298 


Write today for Catalog Micro— 100 B 
E. LEITZ, Inc., 304 Hudlsan St., New York 13, N. Y. 

lEITZ MICROSCOPES • BINOCULARS • SCIENTIFIC INSTRUMENTS 
LEICA CAMERAS AND ACCESSORIES 


compounds m the nucleus of a cell, ab- 
sorb chaiactenstic wave]enc:ths of visi- 
ble or ultraviolet light. The amount of 
light absorbed vanes with the amount 
of the substance present. The instill- 
ment, known as a miciospectrophotom- 
eter, duects a beam of light on a slice 
of cell material about one 2,500th of an 
inch thick. A photoelectric tube recoids 
how much hght passes through the slice 
and, indirectly, how much is absorbed 
Polhster and his co-workeis are usjug 
the device to study the chemical changes 
in transplanted cancel tissues and the 
nucleoprotem unbalance that accompa- 
nies anemia. It is expected to be a v<ilii- 
able tool in all reseaich involving piecise 
measurements of chemicals in cells. 


More Blood Fractions 

T he discovery of methods for splitting 
blood into some of its component 
substances was one of the major medical 
advances developed dm mg the recent 
wai. This pioject, carried out largely at 
Haivarcl University, had to do w.th the 
plasma, or fluid, part of the blood. From 
it came fibrinogen, albumin, gamma 
"lobulin and other substances of meat 

o o 

usefulness to medicine Anothei impor- 
tant step in the fractionation of blood, 
which may have e<|iially useful lesults, 
has justbeen achieved Biochemists have 
developed a technique for separating, in 
undamaged, useful condition, the cull 
components of blood— red cells, while 
cells and platelets 

The method was woiked out by woi le- 
ers at half a dozen institutions under the 
aegis of the advisoiy committee of the 
American Red Gioss national blood pio- 
giam. The pioblem was much moie diffi- 
cult than the separation of plasma In 
the handling of blood, the cells are vul- 
nerable to injury m two ways: 1) When 
blood is extracted from a donor, the 
white cells and platelets are damaged by 
the wetting action of the tubing and con- 
tainer, 2) during the separation of plas- 
ma from cells m a centrifuge, the cells 
aie damaged by then physical batter iiig. 
The first of these problems was solved 
by lining tubes and vessels with a sili- 
cone, which does not wet the cells. The 
second was met by the use of chemical 
agents that produce selective sedimenta- 
tion of the cells. Whole blood is first 
tieated with the clotting agent fibrino- 
gen, this brings down the lecl cells. Othei 
sedimentation steps bring clown the 
white cells and platelets separately. 

The Red Cross also announced that a 
new technique for storing red cells will 
keep them viable for up to four months, 
mstead of four weeks or less. 

No one can yet predict what medical 
uses will be found for the cell fractions of 
the blood, but many of the fractions 
previously isolated have swiftly found 
application against various human dis- 
orders. 
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ptones radio noise from space is translated into a faint 
nisaing sound. Tlie amplitude of tlie signal is also re- 
corded on a slowly traveling strip of paper, Miicli of the 
telescope is from a German “Giant Wuizhurg” radar. 


at the Sterling, Va., station of tl 
Aahonal Bureau of Standards is a Lig concave reflect* 
toat gathers radio waves from a small region of the sfc 
lire observer sits in the cabin at the right. In his hea. 
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The earth constantly receives broadcasts from the sun 
and the Milky Way. Yet the waves from the Milky 
Way are too strong to come from stars like the sun 


NTIL lecenlly oui knowledge of 
the univeise was hmiLcd laigely 
to the visual observations ol 
classical astronomy. Wc aie now begin- 
ning to get a moie detailed view ol the 
stars and mterstelhu space by means ol 
a new instiumenl that discloses some ol 
the invisible events taking place there. 
This instrument is radio. Essentially it is 
not very different from vision. A radio 
“telescope,” like the eye or a camera, 
receives from the skies electiomagnetic 
waves, which differ fiom light only in 
their wavelengths. But with the longer 
wavelengths of radio we can observe 
facts about the positions of stellar bodies 
and the matter m intei stellar space that 
could never be seen with an optical 
telescope. 

This new field is known as radio as- 
tronomy. Although it is widely supposed 
to have derived from advances in elec- 
tronics duiing the last war, actually its 
history is somewhat older. The first in- 
vestigatoi to suggest that radio waves 
might be coming to the earth fiom the 
skies was the British physicist Sir Oliver 
Lodge. He proposed in 1894 that 
Hertzian waves fiom the sun might be 
detected, and between 1897 and 1900 
he attempted some experiments in Livei- 
pool. He discovered, however, that even 
then the electrical “noise” in a large city 
was very great; thus his cru'de equip- 
ment was unable to pick out any radio 
noise from beyond the eai*th. Sir Oliver 
recommended that future investigations 
be conducted in the country (a recom- 
mendation which is now being followed 
by the National Bureau of Standards at 
its Radio Propagation Laboratory near 
Sterling, Va.). 

Lodge's early suggestion was based on 
the theory, new in his day, that Plertzian 
(radio) waves, heat, light and X-rays are 


by Grote Reber 

all diffeient manifestations of electro- 
magnetic waves. If hght and heat waves 
came from the sun, why not Hertzian 
waves? He also reasoned that because 
much more heat and light came to the 
eaith Irom the sun than fiom the rest of 
the stars put together, the sun's radio 
waves likewise should be more intense. 

Yet when, in 1932, K. G. Jamsky of the 
Bell Telephone Laboratories detected 
the fiist cosmic radio waves, he found 
that they came from the Milky Way, not 
from the sun. Jansky, who thus became 
the founder of the new experimental 
science of radio astronomy, had not been 
listening for cosmic radio messages. He 
was studying the direction of arrival of 
thunderstorm atmospherics by means of 
a rotating directional antenna tuned to a 
frequency of 20.5 megacycles. He no- 
ticed that even when atmospheric dis- 
turbances were absent he sometimes got 
small noise signals that apparently came 
horn nowhere on earth. Eventually he 
deteimined that these nuisances, arriv- 
ing from a variety of diiections, all 
seemed to originate in the plane of the 
Milky Way. The sources always re- 
mained fixed with respect to the stars, 
indicating tliat the radio waves had a 
celestial origin. Jansky was able to de- 
termine the general direction of the 
waves and their intensity, but his equip- 
ment could not locate the sources of the 
waves precisely. 

Stimulated by Jansky's work, the au- 
thor undertook in 1936 to find out ex- 
actly where the galactic radio waves 
were coming from. Were tliey being 
generated in some of the bright stars of 
the Milky Way? 

T he Milky Way is a giant aggrega- 
tion of stars fonning a disk that is 
shaped more or less Hke a watch. Our 


solai system, located towaid an edge of 
the disk, may be imagined as a very 
small speck on the shaft that turns the 
second hand, about midway between the 
front and back faces of the watch. Con- 
sequently, as we look into the sky on a 
deal night, we see the bright band of 
the Milky Way arching across the sky, 
as if we were peeiing at the rim of a 
watch from the interior. In September it 
will arch oveihead fiom southwest to 
northeast m the early evening as soon as 
the sky becomes black and stars are visi- 
ble. This bright band, which looks more 
like an illuminated haze than a collec- 
tion of stars, represents the collective 
luminosity of vast numbers of faint stai s 
that the human eye is unable to resolve. 
On die other hand, when we look out 
toward the faces of the watch, i c., 
through the thin cross section of the 
Milky Way, there are not many stars m 
the line of sight, and the sky appears 
black. 

To explore our huge galaxy for radio 
signals, tiie author constructed in 1937 
at his home in Wheaton, HI, a large 
radio receiver that lesembles some of the 
radar detection equipment used in the 
late war. It is essentially a radio-type 
meridian transit that collects high-fre- 
quency energy from space in a parabolic 
muTor, reflects the energy to an antenna 
within a drum, and feeds it to a wide- 
band high-frequency receiver. 

This apparatus was used to sweep the 
whole region of the Milky Way within 
range at our latitude. Surveys were made 
at two different frequencies— 480 and 
160 megacycles. A group in England 
made another smwey at 64 megacycles. 
All three surveys showed that radio 
waves from the sky cluster in or near the 
plane of the Milky Way. They further 
showed that radiation is most intense in 




SIR OLIVER LODGE ]>roposecl in 1894 that radio waves from the sun mi^ht 
be detected. His atteni 2 :>ts to detect the waves, however, were unsuccessful. 



K* G* JANSKY of the Bell Telephone Laboratories first detected radio waves 
from space. He found that they came not from the sun hut the Milky Way. 


tl\e legions ot Sagittal ms, Cygnus and 
Cassiopeia and hoin Cams Major to 
Orion. On Septembei evenings Sagitta- 
rius IS the biightest pait ot the Milky 
Way low ill the southwest. Cygnus is 
overhead and may be identified by the 
large Northern Cioss, the lower end of 
which points down the Milky Wa>' to- 
waid Aquila and Sagittaims Cassiopeia 
IS a large W, which at this season lies on 
its side low in the northeast 

A remaikable feature of oiii obseiva- 
tions was that none ol the ladio signals 
of greatest intensity came fiom the di- 
lection of the bright stais This suggested 
very stiongly that the galactic radio 
waves we leceive fiom the Milk\ Way 
do not oiigmate m the stais at all Where, 
then, aie they coming from*^ Can they 
be emanating fiom interstellar space? 
Stiange as it may seem, that looks like 
the most probable source It appeals that 
they come from the great clouds ot ni- 
tei stellai dust and gas m the galaxy 
The broadcasts from these clouds may 
originate m the following mannei Un- 
der the action of starlight some of the 
gas atoms in such a cloud aie ionized. 
The positive ions and free elections that 
icsult may then interact, when they en- 
coimtei one another, m such a way as to 
lelease ladio eneigy. One possible 
method of interaction between them is 
known as the fiee-liee transition. Tlie 
pai tides do not meet but beha\^e like 
certain large free bodies m the solai sys- 
tem An electron, coming within a posi- 
tive ion’s region of influence, swings 
aioimd it in a wide, eccentiic oihit like 
a comet around the sun. The ion bends 
the electron’s path and i educes its ve- 
locity. This loss of velocity is equivalent 
to a loss of eneigy, and the lost energy 
IS radiated as radio waves. 

The energy output of sudi a series of 
leactions under interstellai conditions 
cannot be tested in the laboratoiy, for in 
the vast, thin dust clouds of space the 
distance of an election’s travels between 
successive encounters with positive ions 
may be as gieat as the radius of Jupitei’s 
orbit around the sun But calculations 
based on the known distribution of inter- 
stellar gas show that the energy pio- 
dneed by reactions of this kind would be 
of the correct order of magnitude to ac- 
count for the measuied intensities of 
radio waves leceived by our equipment. 

A t ladio wavelengths the interstellar 
- gas appeals as a radiant haze. By 
tuning in at various wavelengths, we can 
conti'ol the distance we ‘‘see” into this 
haze, and map the various regions in it. 
Just as led light penetrates fog better 
than blue light, so ladio waves vary in 
penetration— except that in the case of 
ladio frequencies it turns out that the 
shorter waves, rather than the longer 
ones, have greater penetrating power. 
Thus the ‘‘maps” of radio intensity re- 
corded by the author’s radio receiver 
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JANSKY’S APPARATUS was set up in 1932 to clctccL 
radio disturbances in the alinosphcrc, but be noticed 


that it picked up ra<lio noise when such were absent. The 
apparatus located only horizontal direclion ol‘ noise. 


AUTHOR’S APPARATUS was built in 1936 outside his present location at the Sterling station of the Bureau oj 
home in Wheaton, 111. Here it is photographed in its Standards. Receiving apparatus at focus is not in place. 
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480-MEGACYCLE RADIATION from the Milky Way 
is plotted in contours from the author’s observations 


{blach dots). Figure 0 at left denotes galactic circle, a 
line drawn down the middle of the Milky Way. Hori- 


may be interpreted as cioss sections of 
tlie Milky Way at different distances 
The distances to the various cross sec- 
tions are more or less proportional to the 
radio frequencies used. 

These maps show radiation from wide 
areas of the sky. A more pin-pointed in- 
spection of the Milky Way discloses an- 
othei extraordmary fact. As we have 
pointed out, no concenti’ated beams of 
radio energy come from the visible stars. 
But theie are certain small spots in the 
Milky Way that do yield intense radia- 
tion. No bright stais ai'e present to ac- 
coimt for it. The small spots are tiny 
enough to be considered '‘radio stars.” 
Though invisible to us, they represent 
powerful concenti’ations of energy like 
visible stars. 

One such star was lo canted accurately 
by G J. Stanley and J. G. Bolton of 


Australia. Using a radio receiver at 200 
megacycles, they found an intense 
source of ladiation, not precisely meas- 
urable but certainly less than a few 
seconds of arc in diametei, in the con- 
stellation of Gy gnus near 43 degrees 
galactic longitude and plus five degrees 
galactic latitude. Only faint stars, invisi- 
ble to the naked eye, exist in tliis ai'ea. 
hi Ryle and F. G. Smith in England 
discovered a similar radio star in Cas- 
siopeia at 78 degrees galactic longitude 
and minus one degree latitude These 
Australian and British investigators have 
turned up several other objects of the 
same kind elsewhere in the galaxy. They 
are out towaid the rim of the Milky Wa^^ 
and seem to be more intense at the lower 
radio frequencies, which may indicate 
that they are relatively near us. The 
Australians have just reported in Nature 


(July 16) that their recent observations 
indicate that one of the radio stars may 
be associated with the Crab Nebula, 
which is believed to be the expanding 
shell of an old supernova. 

HEN we obseive that no particu- 
laiiy intense radio energy comes to 
us from the bright stais, that does not 
mean that tliey geneiate no ladio waves 
at all. Actually we can lecoid some ladi- 
ation at iiidio frequencies from the near- 
est star— the sun. Jansky failed to detect 
it because his radio equipment was not 
sufficiently sensitive. The intensity of the 
sun's radio waves is fai below anything 
Lodge imagined. But with moie sensi- 
tive receiveis solar radio waves weie 
detected by G C South worth of the Bell 
Telephone Laboratories m 1942, and by 
the authoi in 1943 These obseivations, 




160-MEGACYCLE RADIATION Kas contours rather regions are in Sagittarius (11.2), Cygnus (3.4) and 
similar to those at 480 megacycles* The hrightest, radio Casstopeia (2.0), Longer 160-inegacycle waves do not 
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zonttil lines mait galactic lalituflcr^ veilical lines, galac- Acjiiila in tlie miflcllc of tliis page. Circle and cross to 

tic longitude. Orion is in tlic middle of opposite page; the right of center mark small sources of radio noise. 


penetrate the interstellar haze as well as 480-megacycle 
waves. Contours at 160 megacycles accordingly show a 


cross section of a radio-emitting region in the Milky Way 
closer to earth than that detected at 480 megacycles. 


recorded at fieqiiencies of 3,000 mega- results obtained shows that the sun pre- U.S S R. proved tins tact. With tlie moon 

cycles and 160 megacycles respectively, sents veiy complex x)henomena in the as a shutter, it was possible to estimate 

were made during a peiiod of minimum region of i adio wavelengths. the size of the solar atmosphere The 

sunspot activity, when the sun is most The sun, as we all know, is suirounded U.S. observers, focusing on the sun from 

quiescent. It theicfore appealed that the by a corona composed of a very tenuous a boat in the South Atlantic at a radio 

sun’s radio radiation, like its light, was and highly ionized gas. Thus the atmos- frequency of 10,000 megacycles, found 

more or less constant, and investigation phere of the sun is similar to the radiant that its apparent diameter was only 

of its radio waves did not seem paiticu- haze that pervades the galaxy, although about 2 per cent greater than that of tlie 

larly promising. of com se it is much smaller. For this rea- moon. The Russians, observing at 200 

Soon alter the end of the war, how- son we can 'look” farther into the sun at megacycles, found it to be about 40 pei 

ever, investigators began to report that the penetmting higher frequencies of cent gieater than that of the moon. In 

upon rare occasions the radio waves from radio tlian at the lower ones. Obviously other words, at 10,000 megacycles we 

the sun aie cxtiemely strong— several in any complex turbulent mass of gas can observe radio activity close to the 

hundred oi a lew thousand times the such as the sun the phenomena at differ- sun s visible surface, or photosphere; at 

steady background intensity. These solar ent levels will be difieienl. Furthermore, 200 megacycles we detect radio waves 
radio outbursts have been studied by the sun will appear larger at the lowei originating faither out in the coiona. 

many investigators, particularly m Eng- frequencies, because more of it is opaque 

land, France, Australia, Canada, Gcr- to those frequencies. Dimng the total ’OADIO waves have been found as- 

many and this couiiUy, over a frequency eclipse of the sun on May 20, 1947, in- i- V sociated with at least two well- 

range from 60 megacycles to 38,000 vestigators from the U.S, Naval Research known solar phenomena. One is solar 

megacycles. The tremendous variety of Laboiatory and observers from the flares, the brilliant eruptions on the sux- 
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HORSEHEAD NEBULA in Orion is 
an example of dust cloud tLat may 
emit radio waves* Photograpli by 
100-inch reflector at Mount Wilson* 


face of the sun that appaiently are clue 
to the ejection ot veiy hot mateiial tioin 
the intenoi. Theie aie two possible wa\s 
in which Eaies might cause laclio oiit- 
buists. It may be that the exceedingly 
hot mateiial m a flaie simply i achates 
moie energy at all wavelengths, laclio as 
well as visual The othei possible ex- 
planation is that the mechanical energy 
of the hot flaie, dm mg its motion through 
the suiiounding gases in the solar atmos- 
pheie, IS converted into electiomagnetic 
eneigy 

The second solai phenomenon with 
which laclio waves are connected is sun- 
spots To the eye oi a camera, a sunspot 
appeals dark, because it is at a lower 
tempeiatuie than its surroundings. At 
laclio frecpiencies, contrauly, the spot ap- 
peals blight. This is primarily because 
the spot has a magnetic field. The field 
fans out from the spot somewhat like 
water out of a lawn sprinkler It interacts 
witli the sunounding ionized gas and 
creates a little radiant bulb over the spot 
The bulb sends out strong radio waves. 
The size of the bulb over any given spot 
depends on the size of the spot, the 
strength of its magnetic field and the 
radio frec|uency at which it is obseived 
At veiy high fiequencies, the bulb con- 
tracts 01 disappeais. At low frequencies, 
the bulb becomes fainter, expands and 
finally is lost in the turbulence of the 
inner corona. 

S OLAR radio waves have consideiable 
practical interest for the National 
Bm-eau of Standards One of the duties 
of its ladio division is to make monthly 
predictions of the radio weather, that is, 
the conditions for radio reception, three 
months ahead. To gather informabon for 
these predictions, tins countiy and others 
maintain ladio weather stations at van- 
ous places on the earth. Long-distance 
radio communication depends on condi- 
tions ill die ionosphere, and these m turn 
depend on the activity of the sun. Thus 
radio weather depends upon the sun 
Obviously it is important that the sun 
and its vagaues be understood if the 
radio weathei predictions are to be ac- 
cmate To keep a constant watch on the 
sun it will be iiecessaiy to have at least 
thiee solar radio observatories, spaced 
approximately eight hours apart in time 
around the earth. The first of tliese has 
already been constructed at Sterhng, Va. 
Others aie now being consideied. 

Galactic radio waves have not yet 
achieved the practical importance of 
solar radio waves. The 'cosmic noise” of 
the Milky Way does not affect long-wave 
broadcasting bequencies. It begins to be 
noticeable only at about 15 megacycles. 
But this brings it witliin the range of 
television and other very high-fi;equency 
transmission. On a television screen cos- 
mc noise may produce flickering and 
snow.” Thus as the higher frequencies 
come into increasing use in communica- 


tion and ladai, the galactic radio waves 
nia\ become a gi owing nuisance 

On the coiistiuctue side, thc\ offer a 
means of studying great aggregations oi 
astionomical mateiial, most of which is 
not even detectable by telescopes or any 
other method The woik is only begin- 
ning, however, and we have a long wav 
to go before we can explain in detail 
how tliese galactic radio waves are pro- 
duced and how oui new information fits 
into the visual picture of the sidereal 
iiniveise. There is a gieat host of ques- 
tions piessmg for answers Foi example, 
the Magellanic Clouds near the south 
celestial pole should be g]\’en special at- 
tention It IS possible that tbev may 
provide a yardstick of distance foi radio 
astronomy, just as then pulsating stars, 
the Cepheid vaiiables, alieady have for 
visual asti’onomy The skies must be 
piobed over a widei range of fiequencies 
and with radio telescopes of higher re- 
solving power 

To make these studies ovei the entiie 
sky, the obseivatoiy should be set up 
near the equator Fortunately ladio 
waves are immnne to atmospheric dis- 
turbances such as ram, clouds, or fog, so 
a diy, clear climate is not necessaiy, as 
it is for a visual telescope. Howevei, 
studies of the ladio stars will require the 
use of the sea as a reflecting plane. For 
this reason the best location foi a radio 
observatory would be a high mountain 
on an island or on the north-south coast 
of a continent 

We do not know much about galactic 
ladio waves m the Southern Hemispheie, 
because few experiments have been con- 
ducted there Yet this region is one of 
the most interesting, for some of the 
brightest and dai'kest spots of the Milky 
Way are visible there Moreovei, in that 
location the center of the Milky Way is 
high in the sky. 

Exploration of the Soufliern Hemis- 
phere of the sky, the collection of more 
data on the precise location of radio stars 
and the relation between the frequenc\' 
and intensity of their radiation, the de- 
fining of the shape of the gaseous radio 
regions in interslellai space, the spectra 
of these gaseous regions and theii veloci- 
ties are some of the problems immediate- 
ly confronting the radio, asti'onomers. 

Studies of solar radio activity ai*e in 
a similar elemental y stage. We would 
like to observe it at varying depths in the 
solar atmospheie. We would like to know 
why there are great variations in radio 
intensity that cannot be accounted for 
in terms of sunspot or coiona behavior. 
What we learn about the sun by tuning 
in on it may prove to he invaluable in 
predicting its behavior 


Qrote ReheVy a pioneer in ra- 
dio astronomy, is now asso- 
emted with the Nation- 
al Bureau of Standards. 
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THE CRAB NEBULA has been suggested as the site of 
a small but powerful source of radio energy by the Aus- 
tralian investigators J. G. Bolton, G, J, Stanley and O. B. 
Slee. This object, which is in the constellation Taurus, 


appears to be the shell of a supernova that flared up in 
1054 A.D. A new object as bright as Jupiter was de- 
scribed at that time by Chinese and Japanese^ Photo- 
graph was made by 60-inch reflector at Mount Wilson. 
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fHE FEELING OF REJECTION recounts the life of j THE FEELING OF HOSTILITY considers proljlem of 
Vlargaret, forced by her parents to be a “good little girl.’" Clare. Here Clare’s mother reads letter from her often 

iere she feels rejected upon the arrival of a new baby. absent husband. Clare feels loss of mother's attention. 



4S AN ADOLESCENT Margaret is afraid to make ■ WHEN MOTHER REMARRIES after husband’s death, 
friends and to compete with other people. She lives -'.'v* Clare resents attention mother and stepfather lavish on 

through “best friend," who becomes interested in hoys. new baby. She pinches the baby's toe imtil it ciics. 


< 



AS AN ADULT Margaret continties in tire pattern of tier 
childhood. When her snperior at the office asks her to do 
some typing for another girl, she is nnable to say no. 


[S SUCCESSFUL because 
1 other men is lessened by gu; 
U, however, unable to form 



OVERDEPENDENCY is story of Jimmy, too zealously 
protected by mother and sister. Here bis dependence on 
them causes him to he overly scared by tonsillectomy. 



JIMMY FEELS SICK when he has to go to work. His 
wife, who protects him like his mother and sister, tries 
to wake him. He then goes to doctor instead of to woi'k. 




JIMMY BORROWS NICKEL from friend for telephone 
call. Film points out that overdependent people want 
favors. When they do not get favors, they demand them. 




PSYCHIATRIC 

FILMS 

Three fine Canadian documentaries 
portray the problems of rejection, 
hostility and excessive dependence 

T hree lemaikable short films have lecently been pro- 
duced by the National Film Board of Canada. They are 
psychiatiic case histones entitled The Feeling of Rejec- 
tion, The Feeling of Hostility and Oocr dependency. In them 
these common psychological pioblems are examined in an 
uncommonly accuiate and stiaightfoxwaid way. 

The Feeling of Rejection is the stoiy of Margaret, a young 
woman who complains of headaches. Margaret is dominated 
by her family and her fiiends She does not like to give m to 
their demands, yet she cannot resist. The film traces the events 
that have foimed Margaret’s personality. Dm mg childhood 
hei parents had repiessed hei so thoroughly that she learned 
little by experience. She could gain then approval only by 
yielding to them. In private discussions with a psychiatrist, 
and in group therapy, she learns the origin of her problem 
and giadually becomes more self-reliant. 

The Feeling of Hostility is the life of Clare, an able and 
attractive young woman who is unable to enter into close 
relationships with other people. Claie’s father had died when 
she was a child, leaving her dependent on her mother. When 
her mother remairied, Clare hated hei stepfather because he 
shared her mother’s attention. In Oveydependencij Jimmy, a 
young man who often feels tired and sick, is shown to be the 
result of a jealously protective mother and sister 

The films, wlrich were produced in collaboration with 
McGill University’s Allan Memorial Institute of Psychiatiy 
and Montreal’s Royal Victoria Hospital, were made primarily 
for psychiatrists and their patients. They have been shown to 
college students, social workers, nurses and teachers. Audi- 
ences of educated laymen might also learn much from them. 



DIRECTOR OF FILMS is Robert Anclersorij here di- 
recting child who plays Jimmy. Films were made for 
Canadian Dex3artment of National Health and Welfare. 
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The great Russian physiologist was born 100 years ago 
this month. He caused dogs to salivate at the sound of 
a hellf and brought together physiology and psychology 


T his month maiks the 100th anni- 
versaiy of the biitli of Ivan Petio- 
vich Pavlov. The great Russian 
ph)’siologish who died only 13 years ago, 
was one of those rare peisonages in sci” 
ence whose woik is known in every 
CGuntrv during his o\ni time. Indeed, the 
character of his fame reminds one a little 
of the Pavlov dog whose mouth always 
watered at tlie sound of a bell, the men- 
tion of Pavlov’s name instantly evokes in 
every literate pei son’s mind the gieat 
contiibution with wliich he is insepara- 
bly associated—^the conditioned reflex/’ 
Pavlov’s work left imperishable marks 
on physiology, nemology and psycholo- 
gy. Despite his uide fame, howevei, he 
was not intimately known outside his 
own country. His anniversaiv offers an 
occasion to tell something about Pavlov 
as a man and as a scientist. Obviously 
one cannot attempt to give a compre- 
hensive review of his work in a single 
article, tliere will be set down here sim- 
ply some personal lecollections of Pav- 
lov, and an estimate of some of his most 
important researches. 

Pavlov was a man with obvious natu- 
ral gifts— a brilliant mind, an incompara- 
ble memory, boundless energy and im- 
measurable enthusiasm— but with all that 
he remained to die end of his life a trans- 
parently simple human being His labo- 
rator}^ in Lenmgrad wiien I woiked un- 
der him w^as a tumultuous beehive 
Pavlov w\is then over 80 yeais old; none- 
theless he still possessed a vast enthusi- 
asm for scientific investigation which he 
communicated to ail* those around him. 
He was the moving spirit in most of tire 
laboratory's projects, and he W’ould greet 
the successful completion of an experi- 
ment with a dance of joy His laboratory 
was operated like a town meeting; on 
Wednesdays his several dozen scientific 
associates gathered to discuss and argue 
tiieir problems. Pavlov^ who had a gift 
for dramatic narrative, fascinated his 
colleagues. He fought tooth and nail for 
his ideas against all arguments; but after 
he had cooled down he was quick to 


by Jerzy Konorski 

admit his error if his opponent turned 
out to be right 

There is a story about Pavlov that il- 
lustixites amusingly his general atbtude 
tow^ard his w^oik. During his early studies 
of the digestive system, he found that 
hydrochloric acid, when supplied to an 
animal's duodenum, caused the pancreas 
to secrete juice. Pavlov believed that the 
acid acted through some mechanism in 
the neivous system to produce this re- 
sult. Some time later, how’ever, the Brit- 
ish physiologists Sir William Bayliss and 
Ernest H. Starling show^ed that the 
panel eatic secretion wms initiated by a 
hormone mechanism, when the mucous 
membrane of the duodenum was stimu- 
lated by hydrochloric acid, it produced 
a hormone, secretin, wduch then acted on 
the pancreas. Pavlov at first pronounced 
this result incredible. When, having le- 
peated the Bay liss-S tar ling experiments 
himself, he found that their conclusion 
wuis indeed coiTect, he exclaimed waxith- 
fiiUy, not in envy but m astonishment 
and self-reproach. "‘So w^’re not the only 
ones to make discoveiies^'’ 

P AVLOV wtxs born in 1849 m the 
provincial lowm of Ryazan, m cen- 
tral Russia. He w^is the son of an Or- 
thodox village priest, and inevitably w’as 
educated in a rehgious seminary. But 
he soon found that his interests lay 
elsewliere, and he bansferred to the Fac- 
ulty of Natural Sciences m St. Petersbuig 
University. He went on to study medi- 
cine m the Militaiy Medical Academy, 
graduatmg m 1879. While still a student, 
he began his first researches in the 
physiolog)^ of blood circulation. He was 
appointed to the staff of the Clinic for 
Internal Diseases. The head of tlie Clime 
entrusted Pavlov with the responsibility 
of organizing a physiological laboratory 
to combine medical theory with practice 
in the Clinic. Except for a two-year pe- 
riod, 1884-86, during which Pavlov went 
to study with the German physiologist 
Carl F. W. Ludwig at Leipzig, he did 
most of his early work in this meager 


labor atoiy at the St Peteisburg clinic 
His lacilities w’eie ol the most piimi- 
tive kind The labor atoiy was a small 
wooden building, hardly more than a 
shed He had to finance his lesearcli 
largely out of his own veiy small salaiy 
He had no legiilar assistants. Neverthe- 
less, by his ov'ii uncommon energy, as- 
siduity and self-sacrifice he made rapid 
and fruitful headway, and his work won 
him a lecogmtion out ol all propoitioii 
to the modesty of his laboratoiy. In 1890 
he was appointed to the chaii of pharma- 
cology in the Militaiy Medical Academy, 
and in 1891 he was placed in charge ol 
the physiological laboratory at the Insti- 
tute ol Experimental Medicine which 
was then being established in St Peteis- 
bmg. 

By the end of the 19th century Pavlov 
was generally recognized as one of the 
world’s outstanding physiologists. In 
1904 he was awarded the Nobel prize 
for his woik on the physiology of diges- 
tion In 1907 he was elected to the Rus- 
sian Academy of Sciences, and latei he 
became the diiectoi of the Academy’s 
Physiological Institute, which post he 
retained to the end of his life. In tlie 
1930s a biological station was built for 
hmi in Koltuszi, now called Pavlovo, 
near Leningrad. He died of pneumonia 
in Februaiy, 1936, at the ripe age of 87. 

O MITTING Pavlov's interesting but 
not pieeminent eaily studies of the 
regulation of blood pressure, his lifework 
divides into two peiiods. From the ISSOs 
to 1902, he devoted himself to detailed 
investigation of the functions of the ali- 
mentaiy tiact. Fiom 1902 until his 
death, he went on to explore a new 
blanch of knowledge winch he himself 
created— the physiology of higher nerv- 
ous activity. 

As is well known, Pavlov’s research 
work on the secretory function of the 
ahmentary tract became the lasting 
foundation of our present-day knowl- 
edge in this field. In these studies, as 
well as in his later investigations of the 
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neivous system, he was guided by cer- 
tain ideas which, while not entirely oiigi- 
nal with him, he peihaps developed 
most consistently. 

The first of these pimciples was that 
the organism lunetions as an mtegiated 
whole, and that the investigation of 
sepaiate oigans m the aitificial condi- 
tions of isolated experiments cannot pro- 
vide an adequate idea of how those or- 
gans act m their normal situation Hence 
Pavlov tried to cany out his physiologi- 
cal experiments in conditions appioxi- 
mating the normal as closely as possible. 
In his work on the alimentary tract he 
resoitcd to a number of ingenious opera- 
tions to maintain the normal functioning 
of an ammars organs while exposing 
them to obseivation For example, he 
developed a method ol exposing the 
ducts of the salivary and pancreatic 
glands without removing the organs 
horn the body. Pie learned how to isolate 
a part of an oigan without detaching it 
from the nervous system. One of his 
typical opeiations was the so-called 
“Pavlov pouch.” In this operation, per- 
formed on a dog, one part of the stomach 
IS isolated and formed into a blind 
pouch, with an opening to the abdominal 
wall. The nervous network of the pouch 
IS unuijuied, so that its secietoiy func- 
tion IS an exact leplica of the hinctionmg 


of the lest of the stomach, to which food 
passes, and it can be examined with 
gieat piecision. 

Obviously to make such operations 
come off successfully and keep the ani- 
mals healthy Pavlov had to develop asep- 
tic operating conditions and facilities for 
pioper caie of the animals after the op- 
eiation Today the existence of such ad- 
juncts IS taken for gi anted, but in those 
days the idea was quite novel 

Pavlov's second guiding pimciple was 
what he called “nervism,” meaning the 
hypothesis that all functions of the body 
wcie conti oiled by the nervous system. 
It must be remembeied that in those 
days the study of endocrinology was only 
in its beginnings Pavlov believed that 
the ncivons system was the only mecha- 
nism regulating and integrating the or- 
ganism’s activity, and so in all his 
leseaiches he concentiated on elucidat- 
ing the role of the neives One of his 
most beautiful experiments was a set of 
operations on a dog’s gastiic system to 
investigate the mechanism of secretion 
by the stomach. He severed the dog’s 
gullet fiom its stomach so that the food 
it ate would not pass into the stomach 
but fall outside the body. He also made 
a tubular opening into the stomach to 
examine its behavior He found that even 
ihougli no food actually entered the 


stomach, it still secieted gastiie juice, 
being powerfully stimulated by the ani- 
maPs chewing and other acts of eating. 
And Pavlov proved that this leaction 
was mediated by the vagus nerves, for 
if these nerves were cut, the gastiic se- 
cretion ehcited by the act of eating 
stojDped immediately. Pavlov’s devotion 
to the theory of the centi^al role of the 
nervous system helps to explain his in- 
credulity and astonishment at the later 
discoveiy by Bayliss and Stalling that 
hormones also play a pait m the process 
of digestion. 

The thud pimciple that stiongly moti- 
vated Pavlov’s woik was his conviction 
that physiological experimentation was 
of great significance for piactical medi- 
cine. This idea, accepted without ques- 
tion today, was not so univei sally recog- 
nized then; at any late not, so fax as I 
know, in Russia 

P AVLOV’S switch to the nervous sys- 
tem and the investigation of condi- 
tioned leflexes, which marked the second 
phase of his careei, was a natural sequel 
to his work on the digestive system Dur- 
ing that work he had been impiessed by 
the discoveiy that a dog secretes saliva 
and gastric juice not only as die lesult of 
diicct action of the food on the mucous 
membranes of the mouth and stomach, 
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but even in response to the mere sight 
of food, oi to other signals heralding 
feeding This indicated tliat gastric se- 
cretions, which Pavlov had considered a 
pm el}' ph}^sxological phenomenon, might 
also have a psychological basis and be 
related to the dog*s experiences. 

To a physiologist this was then a 
shocking idea. Up to that time physiolo- 
gy and psychologv’ had been regaided 
as two eiituely sepaiate fields Physiolo- 
gy was concerned solely with the innate 
responses of tlie body, mainly tliose con- 
trolled by the lowei parts of the nervous 
system, while psycliolog}^' dealt only with 
acquired or learned responses Pavlov 
was confronted with a vexing problem. 
Must he now give up physiological 
methods and turn to ps}cholog}' to in- 
vestigate the dog’s gastric behavior^ Tins 
he could not brmg Inmseif to do, for he 
could see no way to verify the ones m the 
realm of psychology b} means of expeii- 
ment. 

After long hesitation and tormenting 
irresolution, Pavlov found a charactens- 
tieally imaginative and resolute answer 
to his dilemma: He would attack the psy- 
chological problem with purely physio- 
logical methods. After all, the secretion 
of saliva or gastric juice was exactly tire 
same phenomenon whether it had a di- 
rectly plw’siological origin or a ps)*cluc 
one, B}^ applying physiological experi- 
ments to the investigation of Acquired 


behavior, he might open up an enormous 
new field of study. 

For seveial well-consideied reasons, 
Pavlov chose the salivarv glands as the 
focus of his experiments. He knew horn 
previous research that the salivaiy gland 
IS a very sensitive and selective reacting 
mechamsm. Moreover, its activity is 
much more resti'icted and specific than 
that of the motor organs, tlie chief effec- 
tors of acquiied beha\ioi. Above all, 
Pavlov judged that invesbgation of the 
salivaiy glands v^ould involve much less 
dangei of anthiopomoipluc and psycho- 
logical interpietation of the results, an 
erior he wished to avoid at all costs. 

So Pavlov and his collaboi atoi s began 
then studies of acquued, or, as he him- 
self called them, conditioned (m Russian 
‘'conditional” ) reflexes The first experi- 
ments were made on “natural” condi- 
tioned reflexes, those established spon- 
taneously m an animal m response to the 
sight and the smell of food, and so on. 
Only later, as the method was perfected, 
did the Pavlov gi'oup begin to develop 
conditioned reflexes to special signals, 
such as the beat of a meti’onome, the 
ringing of a bell, or tlie lighting of a 
lamp. 

Aai important early finding in these 
experiments was that conditioning works 
two ways: it can inhibit as well^as pro- 
duce a response. When a conditioned 
stimulus ceases to be “reinforced,” t.e,. 


to be accompanied b\ the presentation 
of food, the conditioned leflex is extin- 
guished. Pavlov showed that this extinc- 
tion is eftected bv a special mechanism 
which he called mteinal inhibition. 

Dining the first peiiod of reseaich the 
Pavlov group occupied themselves chief- 
ly with the properties and mtenelations 
of the excitatoiy and inhibitory condi- 
tioned leflexes Latei they extended the 
investigation to two new and important 
spheies. Fust, thev showed by lepetition 
of identical experiments on a gieat many 
dogs that animals vaiy greatly in the 
speed with which conditioned reflexes 
are foimed, their permanence, the influ- 
ence of inhibitory on excitatory reflexes, 
and so on. This provided a basis for the 
development of a classification of types 
of nervous system, a subject which has 
been woiked at extensively of lecent 
years. Attempts have even been made at 
the Biological Station in Pavlovo to 
show that ah mdividuars type of neivous 
system may be inherited. Secondly, at 
the end of the second decade of re- 
seai'cli into conditioned reflexes the Pav- 
lov investigators came quite accidentally 
upon the disco veiy of a neurotic state in 
dogs, caused by a conflict between ex- 
citatoiy and mliibitoiy reflexes. 

The latter finding led to extensive in- 
vestigation of so-called experimental 
neuroses, their pathogenesis, symptoma- 
tology and therapy. In these experiments 
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of motor reflexes* In tlic center ail expeniuenter oJjservcs At llie riglit another experimenter tabulates a dog's 

a monkey in tlic lalioratory of higher nervous activity. respiratory responses with the help of a kymogiaph. 


the salivary conditioned reflexes proved 
to be a veiy sensitive and piecise indi- 
cator both of normal and of pathologi- 
cal nervous conditions* Toward the end 
of Pavlov’s life a psychiatric and a psy- 
choneurological clinic were attached to 
his laboratories, and in these the at- 
tempt was made to analyze various cases 
of human neuroses by resort to the laws 
discoveied in experiments on animals. 
Thus even in this long, difficult and 
fundamental inquiry Pavlov lealized his 
lifelong hope of applying his expeii- 
mental research on animals directly to 
human pathology. 

I have suminaiized in general outline 
the main scientific achievements that 
Pavlov and the physiological school he 
created have given us. So far as his re- 
searches into the physiology of digestion 
are concerned, there is no need to stress 
their value. But it is more difiSciilt to esti- 
mate the value and scope of the science 
of conditioned reflexes. 

It is generally accepted that condi- 
tioned reflexes have played a very con- 
siderable part in the development of 
modern psychology, and today tliere are 
whole trends of psychological investiga- 
tion based to a large extent on the 
achievements of the Pavlov school. But, 
since the psychological applications of 
conditioned reflexes have been devel- 
oped mainly in the U. S,, I do not think 
that I, a European fai* removed from the 


centeis of these ti'eiids, am competent to 
discuss them. As for the practical appli- 
cations of the Pavlov achievements to 
the fields of psychoneurology, psychic 
hygiene and teaching, it is still too early 
to estimate their ultimate importance. 
And so I shall confine myself to survey- 
ing the significance of conditioned re- 
flexes to neiuophysiology itself. 

Pavlov often called his teachmg on 
conditioned reflexes ^‘the tiue physiology 
of the brain.” For him the study of con- 
ditioned leflexes was not an end in itself, 
but ratliei a means for understanding the 
centi^al mechanism controlhng them, 
namely, the cerebral cortex, Pavlov con- 
ceded that other methods of investiga- 
tion of the activity of the cerebral cortex, 
such as electrical stimulation of the cor- 
tex in an anesthetized animal, could be 
very valuable, but he held that the true 
picture of this activity could be obtained 
only by studying the normal functioning 
of the organ, as in conditioned-reflex ex- 
periments. He was stirengtliened in this 
conviction by the fact that his view had 
been thoroughly and brilliantly justified 
in his work on the alimentary tract. 

It is an interesting fact that Pavlov’s 
attitude and metliods were closely re- 
lated to those of a great British contem- 
porary, Sir Charles Sherrington {see 
'page 56), Both Sherrington and Pavlov 
based their physiological studies on work 
with quantitatively and qualitatively de- 


fined stimuli and their combinations. 
Both investigated the central mechanism 
of reflexes by examining the reactions of 
animals. But in Sherrington’s case the 
pieparation studied was a spinal animal, 
whereas in Pavlov’s it was an animal 
with the cerebral cortex intact, and Sher- 
lington studied the innate activity of the 
nervous system, while Pavlov was con- 
cerned with its acquiied activity. 

Sherrington’s experimental work was 
developed further by a host of nexrro- 
physiologists who, with the aid of more 
i*efined methods than were at Sherring- 
ton’s disposal, brought greater precision 
into the notions of central excitatory and 
inhibitory states with which Sherrington 
operated, Pavlov’s woik has not been fol- 
lowed up as thoroughly as Sherrington’s. 
If Pavlov’s method of investigation of 
higher nervous activity is successfully 
linked up with, and emriched by, the 
modern tool of electroencephalogiaphy, 
just as Sherrington’s method of study of 
lower neivous activity was later enriched 
by tile recording of action potentials of 
the spinal coid, then perhaps Pavlov’s 
statement that his work represented “the 
true physiology of the brain” will be fully 
justified. 


Jerzy Konorski, a former associate of Fav- 
lov, is now at the Nencki Institute of 
Experimental Biology in Lodz, Poland, 
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Biochemists have traditionally labored to isolate and observe 
individual enzymes. The author describes significant new work 
which indicates that these biological catalysts act in concert 


by David E. Green 


T O explain tlie living process by dis- 
secting it into the simplest pos- 
sible units— this is the objective o£ 
modem biology. The major focus in bio- 
logical investigation has steadily nar- 
rowed from the living oiganisni to the 
cell, from the cell to single molecules. 
And among all the substances isolated 
in this quest for the fundamental es- 
sences of hie, none has been studied 
more minutely than the crucial catalysts 
known as enzymes 

The living process is an expression of 
myiiads of chemical reactions, but vir- 
tually all of them have this one factor in 
common; they cannot proceed witliout 
the help of enzymes. It has been the 
hope of enzyme chemists that by isolat- 
ing the individual enzymes, they might 
eventually be able to reproduce in the 
test tube every chemical process that 
takes place in the living cell. About 1,000 
different enzymes have been isolated, 
and much has been learned about how 
they function. Perhaps the most spec- 
tacular triumph of classical enzyme 
chemistry has been the reconsti'uctiou 
with isolated enzymes of the entire 
process by which glucose or glycogen is 
fermented oi broken down to lactic acid. 
The fermentation of glucose in the test 
tube, as reconstiucted tlii'ough tlie agen- 
cy of combinations of some 20 isolated 
enzymes, is practically indistinguishable 
from tile process as it occurs in tlie cell. 

Yet in spite of these apparent recon- 
structions of complex life processes, 
there has been a growing suspicion that 
the classical view of enzyme chemistry 
is somewhat oversimplified. The reac- 
tions produced by combinations of iso- 
lated enzymes do not in all respects 
duplicate tliose in the living cell. For 
instance, in the animal body the conver- 
sion of glycogen to glucose or of glucose 
to glycogen is profoundly affected bv 
hormones such as adrenalin or insulin. 
But no one has succeeded in showing 
that the reconstructed process in the 
test tube is sensitive to the action of 
these hormones; in other words^ it has 
yet to be demonstrated that insulin or 
adi'enaiin act on isolated en 2 ymes. Nor 
has it been possible, by means of isolated 
enz\'mes, to duplicate the living celTs 
synthesis of such complex substances as 


piotems, phospholipms, sterols, por- 
phyrins or fatty acids. 

One could maintain that the failure to 
demonstrate hormonal effects or to ac- 
complish complex synthetic piocesses in 
reconstructed systems is after all no rea- 
son to doubt that given time even these 
goals win be achieved by die methods 
of classical enzyme chemistry. 

T here have been other findings, 
however, that cannot he shrugged oft' 
quite as easily. These have to do with 
the behavior of certain complexes of en- 
zymes that apparendy can function only 
m teams. Thus David Keilm and his 
school at Cambiidge University have 
for many yeais been studying a complex 
of enzymes obtained from heart muscle 
Tins complex is found associated with 
laige particles at least the size of an 
average bacterial cell. Many different 
enzymes ai’e present m the complex, but 
no one of diem can be readily separated 
from the lest. They aie stuck togethei as 
in a mosaic. The unit is no longer the 
enzyme but a hierarchy of enzymes 
This complex of enzymes catalyzes 
the oxidation of a series of organic sub- 
stances (substrates) by means of molecu- 
lar oxygen. A substrate undergoing oxi- 
dation loses two elections, the oxidiz- 
ing agent gains two elections. But the 
electrons are not tiansfened directly 
from the substrate to the oxidizing 
agent, they are handed from one to the 
odier by an elaborate ‘‘bucket biigade.’' 
For example, the oxidation of malic 
acid (malate) by molecular oxygen is 
lepresented schematically by die follow- 
ing sequence, the arrows shownng the 
direction of transfei of the electrons, 
malate-^diphosphopyridme nucleotide-^ 
flavin dmucleotide ->cy tochi'omes-^cvto- 
clirome oxidase oxygen. Thus at least 
five separate tiaiisfer reactions are in- 
volved in this oxidation of malate as 
catalyzed by the Keihn complex of en- 
zymes. 

Innumerable attempts have been 
made to tear diis complex apart and to 
reproduce in the test tube the individual 
events catalyzed by single enzymes, but 
success in that direction has been re- 
markably scant)’'. No one has yet been 
able to separate cytochrome oxidase 


horn the cytochiomes, or to isolate the 
individual membeis of the cytochrome 
group, with the single exception of a 
substance called cytochiome C. What is 
moie, the few individual enzymes that 
have been Isolated from the total com- 
plex do not show piecisely the same 
properties in isolation as they did in the 
complex. For example, an enzyme called 
diaphorase, winch catalyzes the oxida- 
tion of dihydropyridme nucleotide ( one 
of the links in the election tiansler se- 
quence), can use the cytochromes as 
oxidizing agents when m the complex 
but IS unable to do so when sepaiated 
from the complex. 

These studies of Keilm have been fol- 
lowed by a whole series ol similar re- 
poits by other woikeis They have pre- 
paied from liver, kidney and other oi- 
gans suspensions of laige particles, like 
those reported by Keilin, that seem to 
play a part in the synthesis of various 
important biological compounds. The in- 
dications aie stiong that these units are 
not individual enzymes but teams of 
them, and tliat a complex is moie than 
the simple summation of its individual 
membeis. 

All tills throws serious doubt on tlie 
view that the reactions piodiiced m the 
test tube by combinations of isolated 
enzymes ai'e the same as those that go 
on m the cell. Pei haps tlie most signifi- 
cant data beaiing on this question is sup- 
plied by recent studies of the process bv 
which sugar is binned to caibon dioxide 
and water m the body. 

T he oxidation of glucose oi sugar 
may be divided into two phases. In 
the fii St, glucose is fermented or spht into 
two molecules of lactic acid. In the sec- 
ond, lactic acid is oxidized to carbon 
dioxide and water by the so-called cihic- 
acid cycle discovered by H. A. Krebs of 
the University of Sheffield. 

Properly speaking, the citiic-acid cycle 
begins with pyruvic acid, which is formed 
from lactic acid by the loss of two elec- 
trons, accompanied by the loss of two 
hydrogen atoms: CH3CHOHCOOH mi- 
nus two electrons yields CH3COCOOH. 
The problem of the cell is to burn the 
latter compound, pyruvic acid, to car- 
bon dioxide and water and thereby re- 
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lease eneigy ioi doing llie woik ol the 
cell One could imagine a piocess where- 
by pyiuvic acid was hacked down, car- 
bon atom by caibon atom, until nothing 
was left but COo and tLO. The cell has 
pieferied a more loundabout and ele- 
gant device for accomplishing the same 
lesult. Without plunging into the de- 
tailed chemistiy of this process, we can 
extiact its principle by picturing the fate 
of the caibon atoms. Let us strip pyiuvic 
acid of all but its carbon atoms and lep- 
resent it simply as c-c-c. Let us suppose 
that to stait the cycle going there is 
available another substance with four 
caibon atoms, c-c-c-c. 

The C3 unit, pyiuvic acid, combines 
with the C4 unit, and the pioduct is 
c-c-c-c-c-c-c, or G7. Now C7 is degraded, 
carbon atom by carbon atom, with a 
single atom burned off at each step, un- 
til it is reduced to the original C4 unit. 
This m turn reacts with anothei unit, 
and so the process continues until all G3 
units aie burned. The G splmtei split off 
at each step is of course GO2. This cy- 
clical process has been called the citiic- 
acid cycle because the G,. stage was the 
clue to its discovery. We may accuiately 
desciibe this system as a cellulai fiunace 
m which sugar (or rathei the pioducL of 
sugai fermentation) is burned to carbon 
dioxide and water. 

The cell docs not have separate fiii- 
naces m which to bum sugai, fatly acids, 
ammo acids and its other fuels. It makes 
one luinace do ior all, m other words, it 
has adapted the citiic-acid cycle most 
mgemoiisly foi burning tatty acids and 


ammo acids as well as sugai. The gen- 
eial scheme is pictured in the diagiam 
of the citiic-acid cycle which appeals on 
page 50 This show's that the cycle has 
separate entrances loi various sub- 
stances, depending on the number of 
caibon atoms they possess. Every step in 
the cycle is like a door leading to the 
furnace. Sugar comes in at the C3 dooi 
Fatty acids, with six caibon atoms, come 
m through the G,* door; ammo acids, 
vaiying in their carbon composition, en- 
ter through the C3, and G-, doois. 

The oxidation of fatty acids actually 
proceeds in two distinct phases. Foi ex- 
ample, a fatty acid represented by 
c-c-c-c-c-c first lb burned or bioken down 
into c-c units. These c-c units conespond 
to acetic acid. Each of them can con- 
dense with c-c-c-c (oxaloacetic acid) to 
foim c-c-c-c-c-c (citiic acid), and so en- 
ter the lurnace thiough the C^, door. In a 
similai way amino acids are oxidized in 
one 01 more steps to form c-c-c (pyruvic 
acid), c-c-c-c (oxaloacetic acid) and 
c-c-c-c-c (a-ketoglutaiic acid)— all of 
which aie doors to the cellulai furnace. 

N OW all these events are brought 
about by a galaxy of enzymes which 
m honoi of the citi'ic-acid cycle has been 
named the eyclophoiase complex. This 
enzyme system is present in eveiy cell 
of the animal body. It as locked up in 
small bodies called mitochondria. Inves- 
tigatois have recently discovcied that 
the mitochondria house all the piincipal 
oxidative enzymes of the animal cell. 
And the individual enzymes m the com- 


plex aie handcuffed togethei, as it w'ere, 
m the closest molecular juxtaposition. 
They can act only as a group. 

Many other processes, oxidative and 
synthetic, go on in tlie cyclophorase com- 
plex But om concern her e is to consider 
how the enzymes in the complex differ 
from their isolated counterparts. There is 
in the complex a variety of oxidizing en- 
zyme known as the malic oxidase, which 
catalyzes the oxidation of the acid called 
L-malate to oxaloacetate. IVIalic oxidase 
consists of a piotem to w^hich is joined a 
“piosthetic gioup” (an enzyme auxilia- 
ly ) . It IS possible to split off the prosthet- 
ic gioup from the protein. But once this 
is done they can never be joined again, 
at least so far as our present knowledge 
goes. We can restore some of the en- 
zyme's catalytic activity by adding a 
large amount of the prosthetic group to 
the split enzyme, but the properties of 
this reconstituted enzyme aie totally dif- 
ferent from those of the oiigmal. For 
example, the split enzyme does not work 
maximally unless tire malic acid that it 
oxidizes is present m relatively high con- 
centration, wheieas the original enzyme 
IS fully active at vanishingly small con- 
centrations of the acid. Furthermoie, the 
spilt enzyme cannot oxidize the acid if 
even a trace of tlie product of oxidation 
IS present, while the original enzyme is 
unaffected by the pioduct of oxidation 
even in relatively enormous amounts. 

The alteration of enzymes can be il- 
lustrated in another way. It is possible 
to transform the enzymes of the cyclo- 
phorase complex into the purely classi- 
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COMPLEX OF ENZYMES loses properties as it is 
broken down. Complex {left) oxidizes malic acid and 
converts phosphate into an ester. When split {center ) , 


it can oxidize malic acid but cannot convert phosphate. 
When further broken down {rigjkt ) , it cannot oxidize 
acid without large extra supply of prosthetic group. 
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Radioactive tracer techniques 
have diready solved hundreds of 
research and industrial problems 
not possible with conventional 
techniques. Let us know your tech- 
nical problems and without obli- 
gation we will be glad to advise 
if radioisotopes can help you. 

Tracerlab is prepared to carry 
out any or all phases of your radio- 
activity program with its staff of 
175, including experts in nuclear 
physics, electronics, and radio- 
chemistry. Complete laboratory 
facilities specialiiing In radioac- 
tivity are in operation on both 
East and West coasts. 

A few examples of services ren- 
dered to industrial and research 
organizations are; 

COMPLETE radioactivity 

CONSULTATION SERVICES 

ISOTOPE PROCESSING AND 
SYNTHESIS OF TAGGED COMPOUNDS 

FULL SCALE INDUSTRIAL TRACER 
STUDIES 

FACILITIES FOR CARRYING OUT 
RADIOACTIVITY RESEARCH PROJECTS 

COMPLETE INSTRUMENTATION FOR 
RADIOACTIVITY LABORATORIES 

INSTRUMENTS FOR INDUSTRIAL 
MEASUREMENT AND CONTROL SUCH 
AS THE TRACERUB BETA THICKNESS 
GAUGE FOR SHEET MATERIALS 


Iracerlal)^ 


132 HIGH ST,. BOSTON 10, MASS. 

Western Division 

2295 Son Pablo Ave., Berkeley 2, California 
New York Office 

General Motors Bldg,, 1775 B way, N. Y. 19 
Midwest Office 

LoSalle-Wacker Bldg., 221 N. LaSalle, Chicago 



CITRIC-ACID CYCLE is the mechanism of the cell for oxidizing lactic acid 
to carbon dioxide and water. It is also used to burn fatty acids and amino 
acids. Varieties of the latter may enter the cycle through three “doors.’" 


cal, isolated types by a series of mechani- 
cal and chemical steps. For example, in 
the mitochondrial body the intact cyclo- 
phorase complex not only oxidizes malic 
acid but convex ts inorganic phosphate 
into an ester—a jirocess known as oxida- 
tive phosphorylation. Now if one splits 
the enzyme complex into fragments by 
some mechanical shearmg device, simi- 
lar to the blades of a high-speed cocktail 
shaker, this fragmented unit no longer 
is capable of oxidatu^e phosphoiylation. 
It has lost this property even though the 
malic oxidase is still intact and can con- 
tinue to oxidize malic acid as before. 

Now this disiupted unit in turn is ex- 
posed to acid under controlled conditions 
and the prosthetic group is split off, A 
whole new group of properties falls out 
in consequence of this second traumatic 
experience. Finally the split oxidase, 
which is still attached to particles, albeit 
much smaller than the original mito- 
chondria, can be detached completely 
from the pai’ticles and brought into true 
solution. At that point, we have an iso- 
lated enzyme such as has hitherto been 
the chief subject of study in classical 
enzyme chemistry. 

C lassical enzyme chemistry has 
b^n concerned with the properties 
of the split oxidases. Its goal has been to 
I isolate individual enzymes in pure form. 


In achieving this goal it has had to use 
methods which in effect tear the enzymes 
apart from their natural associations. It 
has proceeded on the tacit assumption 
that nothing is lost in tlie piocess. Ap- 
parently that assumption can no longer 
be regarded as safe. In the light of what 
has been learned about the transforma- 
tion of tile oxidases when they are iso- 
lated from the cyclophorase complex, it 
becomes evident that many of the en- 
zymes on which classical enzyme chemis- 
try has concentrated its attention are 
artifacts, and must be considered mere 
shadows of then former selves. 

It would be unwise to discount com- 
pletely studies of enzymes isolated by 
classical procedures. After all, the essen- 
tial catalytic property of the oxidase is 
still retained; the nature of the prosthet- 
ic group has not been altered, and pre- 
sumably many of the properties and 
characteristics of the protein have come 
through unaltered. The study of these 
classical oxidases can be of inestimable 
value to our understanding of the 
mechanisms of enzyme action. But in re- 
constructing the enzymatic events in the 
living cell we must consider not only the 
individual members of the complex but 
the chemical organization and structure 
of the complex as a whole. 

The strildng and inescapable fact is 
that once a complex is torn apart it is 
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only) for 115 volts, 60 cycles $75.00 

Wnie Deparfm^nf C8 for vacuum engineering bulletin 10 A. 
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The Plants of Krakatoa 

Wlien the volcanic island exploded in 1883, its life was 
completely extinguished. Botanists have since observed 
a unique natural experiment in the propagation of plants 

by F. W. Went 


AT two minutes past 10 on the morn- 
ing of August 27, 1883, one of the 
most violent explosions evei ex- 
peiienced by man occuned on an island 
between Java and Sumatra m the East 
Indies. Although tlie nearest inhabited 
place was at least 25 miles distant, 
36,417 persons in the region were killed, 
mainly by drowning in the tidal wave 
that followed the explosion. The blast 
was heard more than 1,000 miles away. 

The souice of this awesome detona- 
tion was the bloiving up of the centi‘al 
part of Krakatoa, a volcanic island which 
had had a long history of disquietude. 
The island had begun to disintegrate 
seveial hours before the main explosion, 
and a series of pulverizing eruptions con- 
tinued throughout the day. When men 
first dared to approach the island two 
months latei, a sea 800 feet deep cov- 
ered the major part of tlie island, wheie 
tlie volcanoes Peibuatan and Danan had 
once stood Approximately six cubic 
miles of rock and pumice had been 
blown into the air’ (This gives us a bet- 
ter perspective for judging man s rela- 
tively puny accomplishments with dyna- 
mite and uranium.) 

All that was left of Krakatoa was a 
ragged, 2,D00-toot peak. It was com- 
pletely covered with a thick layer of 
smoking pumice and ashes, still too hot 
to walk on with bare feet. Clouds of 
steam rose from many parts of the island, 
especially from the gullies that ramwater 
had scom*ed in the loose pumice. All ani- 
mal life, of course, had been wiped out 
Xot a tree, shrub or other plant survived. 

A place so utterly desolate and devoid 
of life would hardly seem a promising 
site for an investigation of how plants 
and animals become distributed over the 
earth. When one gives the matter a little 
thought however, he can see that such a 
sterilized island offeis a marvelous op- 
poitunity for just such a study. To re- 
settle sterile Krakatoa Island, all seeds, 
spores and animals had to cross a 25- 
niile stretch of sea. There was an island 
closer than this, Sebesi, about 12 miles 
north of Krakatoa, but most life on Sebesi 
had been destroyed by toxic gases and a 


thick layer of ash, and it was hardly a 
source ot seeds oi spoies. 

In Klay, 1884, nine months after the 
eruption, the French botanist E. Cotteau 
visited Krakatoa, He lepoited: 'Tn spite 
of all my investigations, I was unable to 
observe any tiace of animal or plant life 
with the exception of a single spider; 
this hardy pioneer of resettlement was 
busy spinning its web.” 

Three yeais after the eruption, a paity 
led by the Dutch botanist Klelchioi 
Treub found a very diffeient situation. 
On the beach were gi owing many of the 
plants commonly found along ti'opical 
seashores. Farther inland Treub found 
many ferns and some glasses, but very 
few other plants 

Unfortunately it was another 10 yeais 
before the island was revisited bv botan- 
ists. By then it was fairly well covered 
with green ‘ here and there stood groves 
of Casual ina (the horsetail tree), and 
there was a wide scattering of wnld su- 
gar cane, Foiu species of soil-inhabiting 
orchids were found. On the shores grew 
imung coconut trees. In geneial, vegeta- 
tion was much more abundant on the 
shores than in the interioi 

It was not until 1906 that the island 
was densely covered with plants The 
\egetation was then mostly grass with 
some ti-ees here and there. By 1920 ti*ees 
had taken over perhaps half of the sui- 
face, and in 1930 the whole island was 
again covered with a dense, though low 
and young, forest. 

What does all this mean in explaining 
the natural distiibution of plants over the 
world? 

Since die vegetation of Krakatoa had 
been so completely destroyed, new 
plants could develop only from seeds 
and spores that were somehow trans- 
ported to the island from other places. 
How might they have been carried? 

In the first place there is the wind. 
Very light spores or seeds can be cur- 
ried by even gentle air currents. Bacte- 
ria, for instance, are floating everywhere 
in the air, even in a perfectly quiet room. 
Spores of ferns are no heavier than pol- 
len grains, which are commonly moved 


by a breeze horn pine bee to pine tree to 
cause pollination. It is significant that al- 
most half of the plants observed on- 
Krakatoa tlnee years aftei the eruption 
were feins, wheieas ordinarily ferns con- 
stitute no more than 10 to 20 per cent 
of a stable tropical vegetation. The feins’ 
mode of distribution by means of veiy 
light spores gave them an advantage 
ovei most other plants. In latei years 
plants with heavier seeds caught up, but 
m the beginning the ferns were the most 
numerous settleis 

Orchid seeds are almost as light as 
fern spoies. theie aie many millions of 
them in an ounce. Most orchids requiie 
bees to grow on, or at least lich humus 
m the soil, yet in spite of the handicap 
of poor soil and beelessness on Kiakatoa, 
13 years after the euiption four species 
of 01 chid were floweiing there, which 
shows that gieat numbeis oi oichid seeds 
must have been blown to the island. 

Even heavier seeds can be carried bv 
wind, especially when they aie piovided 
with bans, such as those of cotton, cot- 
tonwood and dandelions, or with wings, 
as m elm hints. Some of the first grasses 
found aftei the eruption undoubtedh^ 
also anived on the wings of the wind It 
is esbmated that about 40 pei cent of all 
species of plants now living on Krakatoa 
arrived theie by this means. Thus the 
wind must be consideied the most effec- 
tive and important agent in dispersal of 
these tropical plants. 

The seeds of certain other plants on 
Kiakatoa, such as the coconut palm 
found floweiing on its shores in 1896, 
are too hea\y to be carried by wind. The 
big coconuts from which these trees 
sprang must have been brought by the 
sea. Coconut palms grow along the 
shores of all tropical islands in tlie Pacific 
and Indian Oceans. Under natural con- 
ditions they do not extend far inland - 
When the coconuts drop off, many get 
washed away by the sea. They remain 
afloat, and near bopical shores one can 
occasionally see a coconut bobbing up 
and down on the waves among logs and 
other flotsam. The fruits and seeds of 
most other bopical shore plants are 
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similarly earned l^y sea euiicnts eent ot Kuikatoa’s vegetation had ai- they aie veiy abundant on the iieaiby 

long distances. Experiments have shown lived by othei means, and today about islands. Observations have shown, how- 

tliat floating loi several weeks in sea 40 pei cent of all its species ha\e done evei, that mistletoe seeds aie spread al- 

water does not injuie them. They will so. In most of these cases it is veiy likely most exclusively by species ot Dicaeum 

geimmale as soon as they are washed that the seeds weie distiibiited by am- birds. These birds retain the seeds for no 

ashoie and watered by rain water. A mals, usually by birds but occasionally more than 12 to 20 minutes after inges- 

hard seed coat or a piotective cover of by man. tion, and theiefore could not have cai- 

strong fibers piotects the seeds from m- In 1916 several men settled on Kraka- ned them over a distance of 25 miles, 

juiy when they scrape over the sand. toa to exploit the pumice. They bi ought which would require at least an houi’s 

with them ceitain hint tiees, such as flight. Othei birds, such as the tjalak, 

T his natural experiment on Krakatoa mangoes. These suivived only a few which is common m Java, can retain 

explains why the coastal vegetation veais. After the settlers had left, they seeds in their intestines £oi at least 100 

of all the Pacific islands is so uniform. weie engulfed and obliterated by the minutes, they do not eat mistletoe fruits, 

The several dozen varieties ol plants dense jungle Evidently our cultivated howevei, and theiefore could only have 

found on their shores have been distrib- plants can survive only it helped by man transported other plants, 

uted from island to island by the ocean m then struggle lor existence We know It is ceitain that birds can cairy seeds 
cuiients. This method of distribution of by experience how seldom a com oi loi fairly long distances, but in the ab- 

seeds is so effective that even newly tomato plant that escapes cultivation be- sence of evidence of any method of 

foimed islands with no other flora are comes established among the wild vege- transpoit except in the food they have 

soon colonized by beach plants. Indeed, tatioii. eaten, such dispersal is definitely limited 

ocean transportation explains a striking The majority of plants distiibuted by by the length ot tune the biids hold their 

phenomenon of the distribution ot plants animals must have been brought to bowel contents. Charles Darwin be- 

on great continents. Ordinarily we think Kiakatoa by biicls. The occurience of so heved, and m one case actually piovecl, 

of plants as spreading over land and be- many plants with fairly large seeds that that seeds could be distributed by stick- 
ing halted by oceans. But in Africa the could not have arrived by wind or water, ing to mud on the legs of wadmg bii’ds. 

beach flora of the continent's west coast and the fact that most of these plants This would explain the long-distance 

is very different fiom that of the east have fleshy hurts that are eaten by birds, transportation of marsh plants, hut there 

coast. The former is like that of the east makes this almost a certainty. The seeds are no marshes on KrakatQa It is of 

coast of South America, thousands ot ol many fruits which birds eat are not course possible that seeds may become 

miles away across the South Atlantic, destroyed in their digestive tract, but are attached to birds by some other means, 

while the latter is like that of the islands still intact and viable in their droppings, but that is very hypothetical, 

of the Indian Ocean and the Pacific. The Thus any seeds lemaining in the diges- 

cxplanation is that the heiich plants do tive tract of a bird that had flown across A NOTHER mechanism often invoked 
not spread inland across the continent; the 25 miles of sea between Java and to explain the spread of plants is the 

they can travel only across the sea. Thus Krakatoa would have a chance of ger- attachment of seeds to floating logs, 

the varieties of shore vegetation, unlike minating in its droppings. Among the which may di'ift for great distances in 

most other plants, range around ocean plants presumably transported to Kraka- sea ciirients. This is a veiy unsatisfactory 

basins instead of within continents. toa by birds beloiig figs and papayas, hypothesis, because most seeds cannot 

In 1886 only plants distiibuted by One might object that mistletoes, stand contact with sea watei. Besides, 

wind and sea cm rents weie found on which are spread exclusively by birds, only a ceitain few plants can germinate 

Krakatoa. By 1896, however, some 9 per do not occui on Kiakatoa as yet, though and grow on beaches, or as far inland as 



STEEP CLIFF is a fragment of Krakatoa’s former era- LUSH GROWTH now covers Krakatoa. Three years 

ter. The volcano lies midway between Java and Snma- after the explosion, beach plants were found along its 

tra. When it exploded, 36,000 people died. Two months shores. Inland were ferns and grasses. Since then other 

later clouds of steam still rose from its sterile rocks. waves of plants have become established and competed. 
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floating logs aie v\ ashed. Yet this mecha- 
nism should not be entirely discaided. 
For example, I found two lizard eggs, 
which seemed viable, hidden in a cavity 
of a floating log that had been washed 
ashore on Krakatoa. 

No matter whether we can agree m 
each case on how a certain plant reached 
Krakatoa, the important fact remains 
that all these plants arrived theie by one 
means or another— this is the most sig- 
nificant result of the large-scale natural 
experiment initiated by the volcanic ex- 
plosions on the island. One might as- 
sume, of course, that seeds of most of 
the plants later found there had survived 
August 27, 1883. One botanist has taken 
this stand, and has written a whole book 
to prove his contention. However, he has 
failed to convince other botanists that 
plants, seeds, roots or rhizomes were able 
to Withstand fires, toxic gases and terrific 
explosions, and later a cover of hot ashes 
and pumice 20 to 200 feet deep that 
charred everything it touched. Two 
months after the eruption the whole is- 
land still steamed after a ram, indicating 
that temperatures neai the boiling point 
still existed deep in the pumice. 

The biology of Kiakatoa is full of in- 
teresting problems No stability has yet 
developed in its plant or animal life. For 
instance, some years the island may be 
overrun by rats, yet a year or two later 
tile natural equilibrium will swing back 
to the point where hardly a rat can be 
found. Here is a typical example of a 
biological problem which was high- 
lighted by the Krakatoa experiment. In 
the Asiatic tropics are many so-called 
ant plants in which ants have a perma- 
nent abode. The curious fact is that each 
kind of ant plant has its own kind of ant. 
Thus an epiphytic fein, Pohjpoditim 
sinuosum, grows in Java on the branches 
of trees, and in its hollow rhizomes nests 
an ant called Iridomyrmex mijrmecodiae. 
By one of the chances of distribution, 
this ant arrived on Krakatoa by itself be- 
fore the fern had settled there. Accord- 
ing to the biologist who first found the 
ants, they were running around neiwous- 
ly, obviously lost. When I visited Kra- 
katoa several years later, I found the fern 
growing on branches of trees— and Ir/do- 
imjrmex had settled in its rhizomes. The 
fern could only have been distributed in 
its spore form by the wind, otherwise it 
could not have started to grow on ti*ee 
branches. The ant Iridomyrmex had 
lived on Krakatoa, alone and obviously 
unhappy, for many generations; the mo- 
ment its symbiotic partner arrived, the 
old symbiosis, so rudely interrupted by 
the chances of dispersal, was xe-estab- 
hshed. This certainly is a most interestmg 
example of instinct and the tenacity of 
characters of adaptation. 

K rakatoa is, of course, a Hmited 
experiment. In evolutionary botany 
we want to explain the distribution of 
plants over much greater distances, not 


25 miles as at Krakatoa, but 250 miles, 
2,500 or even farthei. If Krakatoa, how- 
evei , had been located at such a distance 
from the nearest vegetation, it would 
have taken too long for seeds to arrive 
there; it might have been thousands of 
years before an appreciable number of 
plants settled and made a new vegetation 
cover. 

Under most natural conditions, we 
actually have to count in millions of yeais 
when explaining the distribution of 
plants. Let us take another example from 
Java and Sumatra. Although these is- 
lands are faiily old in a geological sense, 
they did not have any high mountains 
until volcanoes developed on them. 
These volcanoes are of quite recent ori- 
gin, not more than a few million years 
old. They reach up to almost alpine alti- 
tudes, and none of the typical lowland 
tropical plants can grow on their tops. 
On the other hand, most of tlie kinds of 
plants growing on their tops cannot pos- 
sibly grow in the steaming lowlands. At 
high altitudes on these volcanoes we find 
buttercups, gentians, brambles and blue- 
berries, which are nevei found at sea 
level in the ti*opics. They must have 
spread from volcano to volcano, and they 
must have done this during the last mil- 
lion years or so. Many of these volcano- 
hopping plants have edible fruits, and 
thus have a good chance to be spread by 
birds. But not all the volcanoes have all 
the plants growing on them that then 
climate and soil will allow This shows 
that a million years is not quite long 
enough foi chance to distribute seeds 
thoroughly over distances of up to 1,000 
miles. Another case in point is the plant 
Primula prolifera^ which originated in 
the Himalayas. It is now found on a few 
volcanoes in Sumatra— a distance of 
about 1,500 miles from its place of 
origin. In Java, 500 to 1,000 miles far- 
ther on, this plant is found on only three 
volcanoes, although about 20 are high 
enough for it to grow on. We see here 
that Primula has not only hopped from 
volcano to volcano, but has skipped them 
as well. 

There have been other terrific volcanic 
eruptions, which sterilized hundreds of 
square miles. The explosion in Alaska iii 
1912 of Mount Katmai, winch disap- 
peared and left only the “Valley of Ten 
Thousand Smokes/' anmhilated the veg- 
etation over a wide radius. Katmai was 
on the mainland, however, and vegeta- 
tion was able to infiltrate the sterilized 
area slowly from undamaged areas far- 
ther away. Thus not much could be con- 
cluded from it about the mode of distri- 
bution of plants. The Krakatoa experi- 
ment still stands as the most instructive 
in history. 


F. W. Went is professor of plant 
physiology in the Kerckho-ff Bio- 
logical Laboratories of the Cali- 
fornia Institute of Technology. 
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P. C. BOGIAGES 

General Engineering & Consulting 
Laboratory 

Aircraft Electricity: The advent 
of World War I brought definite 
demands for auxiliary power in air- 
craft. Its main purpose was to sup- 
ply radio and instruments. Experi- 
ence gained by the automotive in- 
dustry with the 6-volt system was 
utilized to adapt it to aircraft 
service, using an 8-volt charging 
generator. About 1925 use of a 12- 
volt system, originally developed 
for truck service, was inaugurated. . . 

The trend toward very large 
multiengined planes began in 1939. . . 
It soon became apparent that the 
12-volt system was inadequate to 
supply the additional loads essential 
to flight in these craft. . . A lighter, 
more efficient 24-volt system was 
the outgrowth of these difficulties . . . 

Experience with the 24-volt sys- 
tem led to the development of the 
120 -volt system, for which great 
expectations are held. This system 
is particularly applicable to large 
aircraft and may well become uni- 
versally accepted as I he standard 
d-c system of the fulure. 

General Electric Revietv, 
July, 1919 

★ 

NEIL BURGESS 
J. C. BUEGIIEL 

Apparatus Department 

Thrust of Turbojets: The thrust 
available at low airspeeds in turbo- 
jet-powered aircraft is substantially 
less than in propeller-driven air- 
craft. For example, a turbojet 
developing a sea-level static thrust 
of 5000 pounds delivers a net air- 
plane thru St -horsepower of approxi- 
mately 6000 at an airspeed of 400 
knots. An engine of this power driv- 
ing a propeller would develop sub- 
stantially more static thrust for 
takeoff use. In addition, since the 
turbojet is substantially more sensi- 
tive to changes in ambient pressure 
and temperature, the problem may 
be more aggravated in hot weather 
or at airports located several 
thousand feet above sea level, . . 

On the basis of our investigations 
it is concluded that thrust augmen- 
tation can be successfully applied to 


the turbojet engine by water in- 
jection or by exhaust reheat. Each 
type of augmentation appears to 
have definite advantages in certain 
aircraft applications. 

Combustion-chamber water in- 
jection can be added to the basic 
engine with no measurable loss in 
the performance of the engine and at 
an increase in weight of about 1 
per cent. The maximum amount of 
augmentation is approxiraaiely 18 
per cent under the sea -level static 
condition and is obtained with the 
expenditure of approximately 25 
pounds of injection fluid per hour 
per pound of additional thrust. 

Use of an exhaust reheat burner 
will increase engine thrust by ap- 
proximately 40 per cent under the 
sea -level static condition, and by 
substantially higher percentages 
under flight conditions, at the ex- 
pense of about 12 to 15 per cent in- 
crease in engine weight. Each pound 
of additional thrust obtained with 
exhaust reheat is obtained with the 
expenditure of approximately six 
pounds of additional fuel per hour. 
When operating as a normal turbo- 
jet engine, the reheat engine suffers 
a loss in performance of about 3 to 
5 per cent as a result of exhaust 
system losses. The type of augmen-. 
talion is, however, well suited to 
the requirements of interceptor 
aircraft requiring large amounts of 
additional thrust at the expense of 
substantial increases in fuel con- 
sumption. 

Institute of Aeronautical Sciences, 
Royal Aeronautical Society, 
May 24, 1949 

★ 

F. P. WILSON, Jr. 

Apparatus Department 

Materials and Processes: The 
layman can hardly appreciate the 
extent to which materials and proc- 
esses control and limit the develop- 
ment, design, and manufacture of 
electrical apparatus. Only by con- 


tinual development of new and bet- 
ter materials, and by processing 
them ever more precisely and 
economically is it possible to con- 
tinue producing *'more goods for 
more people at less cost.” For 
example, the life of a turbine is 
limited by the creep of an alloy 
steel, the safety of a ship may 
depend on the fatigue strength of a 
highly stressed gear, and the quality 
of the electric refrigerator requires 
the most exacting chemical control 
of the materials sealed into it for 
life. 

These requirements, which be- 
come more pronounced with the 
improved performance of estab- 
lished products and the ever-grow- 
ing variety of new products, con- 
stitute a challenge to the chemist, 
chemical engineer, metallurgist, 
physicist, and other scientists who 
can contribute in the field of ma- 
terials and processes. 

Chemistry provided the film on 
Formex wire, which, because of its 
toughness, permitted the elimina- 
tion of cotton covering. This re- 
duced the space required in coil 
windings and eliminated 6,000,000 
lb of structural materials per year 
in apparatus because of reduced 
size. This saving in space has also 
permitted the design of equipment 
to meet exacting requirements 
which otherwise would have been 
impossible. 

Timgsten carbide led to the 
formation of a new company. Alkyd 
resins set the stage years ago for 
the growth of what .is now the 
Chemical Department. Askarel rev- 
olutionized capacitor design; im- 
proved silicon steel reduced the size 
and cost of transformers; high- 
temperature alloys permit higher 
temperatures in steam-turbine op- 
eration and made the gas turbine 
possible; improved lubricants, new 
finishes, and synthetic insulation 
are only a few examples of labora- 
tory activity in the materials field. 

General Electric Review, 
July, 1949 
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COLOR was discussed ]>y Goethe in Farhenlehre (color theory) . This illus- 
tration, from 1842 edition of book, set forth some of his ideas on contrast. 



PLANTS were expiamed in Die Metamorphose der Fflanzen {the metamor- 
phosis of plants \ * Goethe thouglit finiits and nuts were variants of ^*ideal leaf.” 



by James R. Newman 


Goethe on Natuue and Science, by 

Sir Chailes Sherrington. Cambridge 

University Pi ess (75 cents) 

A MONG the lectures and miscel- 
laneous wiitmgs celebrating the 
bicentenary of Goethe’s biith it is 
puzzling to find tribute to the gieat man’s 
scientific achievements. Sii Charles 
Sheirin "ton’s essay (fiist issued m 1942 
and now lepnnted with major additions 
and levisions) will not, I tiust, strike a 
sour note amidst these in tei national jubi- 
lations, though it piovides a fairly judged 
coirective to Imgeiing misconceptions. 
For, as Sherrington makes cleai, what- 
ever else Goethe may have been he was 
not a scientist. Indeed, in this dcjiart- 
ment of knowledge, as everyone not 
oveicome with heio- worship could by 
now have ascertained foi himself, Goethe 
was a magniloquent and befuddled boie. 
His scientific work is an assortment of 
erroneous conjectuies, in part based on 
supeificial expeiiments, given to the 
world with Olympian self-assurance and 
accompanied, in the most important 
case, by silly attacks on Sii Isaac New- 
ton. The story is easily documented 

*1 do not attach importance to my 
woik as a poet, but I do claim to be alone 
in my time in apprehending the truth 
about color ” Thus wrote Goethe to the 
faithful and indestiiictible Eckeimann. 
(Among all the creature.s of eaith, per- 
haps the most remarkable are the few 
Boswells and Eckennanns, content to en- 
dure what must be endured m recording 
the unabridged utterances of gabby old 
men growing gabbier as they grow old- 
er.) What was the “tiuth about coloi,” 
as held by Goethe^ Fiom Buttner, the 
botanist, he borrowed some pi isms to 
perform the classical experiments of 
Newton. The famous Opticks which ap- 
peared m 1704 had shown that white 
light was composed of colored lights. 
This fact Goethe laudably set out to 
prove for himself. "'One look through a 
prism,” writes Sheinngton, convinced 
liim that Newton was a fool. ""To his 
amazement the white wall at which he 
gazed through the prism remained white. 
Color showed only where something 
dark edged the white. Color showed 
brightest of all on the window frames ” 
The experiment, trivial as it was, im- 
pelled Goethe further to develop and to 


56 



BOOKS 

JVas Goethe a scientist? Hero ivorship 
has obscured the fact that he was not 


Spread his own theoiies m print. (Blessed 
with good health and immense eneigy, 
he was always leady, when thus in- 
spired, to launch into song, poetry or 
piose.) His main scientific laboi, highly 
piaised among those who have not ti'ou- 
bled to read it and/or know even less 
than he did about optics, was a large 
book on the theory ot color (Faihen- 
Ichre ) . As a supplemental effort he pub- 
lished a sketch maligning Newton and 
ventured a number of satiiical verses 
{Katzenpasteten, le,, “cat-pies”) with 
Newton as then butt. 

The prism, he thought, implied a 
“naive attempt” to analyze not color but 
light. Light cannot be analyzed, he said, 
because it is “an elemental entity, an in- 
scrutable attribute of cieation, an ‘Em- 
ziges' [an ‘only’] which has to be taken 
for gi anted.” And the manner of New- 
ton’s attempt! “Through a tiny hole to 
admit a poveity-stiicken thread of light 
into a daikened room [Sheiimglon’s 
paiaphiase], when by going into the 
open day any amount of it could be 
had— no wondei the students laughed 
and ran oft'” 

In place of this “physicist's mathe- 
matics”— the phiase epitomized his con- 
tempt— Goethe advanced opinions based 
on the optics of Aiistotle and his pupil 
Theophiastus— physicists whose views 
were somewhat outmoded by the 18th 
centuiy though Goethe appealed to be 
unaware of it. The prism, he asseited, 
meiely introduced hundreds of compli- 
cations and “diagged in mathematics 
unwantedly.” It “pei petrated an experi- 
mental incoherence.” Light must be 
regarded as an Urphanomen (giound- 
phenomenon ) , it is “self-explanatoiy” 
and cannot be further decomposed, the 
color effects of a prism, or wherever 
else observed, are due to the ‘“cloudi- 
ness” or other attributes of the medium 
that is interposed between the source 
and the eye. 

The Farhenlehre offers an admirable 
example of pomposity in defending the 
concept of Urphanomen: “Faithful ob- 
serveis of Nature, even if in other things 
they think very differently, nevei tireless 
agree together that all which appears, 
everything that we meet as a phenome- 
non, must be either an original division 
wlrich IS capable of union, or an original 
unit which can be split and in tliat man- 
ner exhibit itself. To sever the conjoined, 
to unite the severed, that is the life of 
Nature; that is the eternal drawing to- 
gether and relaxing, the eternal syncrisis 
and diacrisis, the taking in and the pour- 


ing out of bieath of the woild in which 
we hve, and move and aie.” 

As for this “faithful obseivei of Na- 
tuie,” he pontificated not only that col- 
01 ed light was impossible, but that “tm- 
bidity ... IS the initial i udiment whence 
IS developed the whole science of chio- 
matics ” The moi al of W ordsworth’s fa- 
mous line, “To the solid giound of natuie 
ti lists the Mind that builds for aye,” 
commended itself to Goethe, yet he pei- 
mitted neither mathematics, nor appa- 
ratus, nor, indeed, patient observation 
itself to inteifere with his intuition. One 
infeis that when he studied natuie he 
was less concerned with what it had to 
tell him than with the imaginings that 
filled his mind as a result of what he saw. 
Except for ceitain conclusions on the 
piinciples of contrasting colors— conclu- 
sions confirmed by Sheri ington’s own in- 
vestigations— Goethe's theories of light 
and coloi can haidly be taken seiiously. 
11 Goethe's descriptions, said Helmholtz, 
aie intended as physical . . [they 
make] no sense. . . . [They must be un- 
deistood] only as figurative dramatiza- 
tions of the process.” A tactful defense. 

One of Goethe's difficulties, wiites 
Sheri ington, was the “piedominance of 
the visual in him ” He understood what 
could be pictured, or rather what he was 
able to pictm*e. Absti actons, at least in 
relation to Nature, were abhorient. The 
mteiest of which he never weaned was 
m “the shapes assumed by life,” both 
plant and animal. He prefen ed, while at 
school, the company of anatomy students 
ovei law students— an understandable 
prefexence in any case, he “frequented 
the dissections”; he collected plant speci- 
mens and attempted, not too success- 
fully, to memorize the names of the 
Linnaean system. But his original con- 
tributions to the study, apart from giv- 
ing It the name morphology, by which 
it IS now known, were woith little moie 
than his theoiy of color. In regard to 
leaves, for example, it came to him that 
“Nature kept in mind an ‘ideal' leaf.” All 
leaves of whatever kind were variants 
of this “ideal”: petals, sepals, stamens, 
the shell of the nut, the flesh of the apple 
were merely “modifications” of the leaf. 
This was anotlier theoiy which unfortu- 
nately turned out to be false. 

In studying animal forms he drew the 
conclusion that “the skull itself is verte- 
brae continuing those of the backbone.” 
Here, he thought, Nature, in creating 
backboned animals, strove for an “ideal 
vertebra.” “How far,” he exclaimed, 
“fi'om the tortoise to the elephant, and 
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}'et the gap ib biiJgecl entirely by mtei- 
medicite forms^ Because the whole senes 
belongs to one ideal t\ pe ” Latei ana- 
tomical leseaiches showed Goethe’s view 
to be incoirect. 

He invented a ‘law” of the ‘‘correla- 
tion of parts ” It stated that the ‘long 
body of the snake is obtamed by depriv- 
ing die creatuie of limbs”, that the hog 
got its long legs at the expense of short- 
ening the body. In other words, as Shei- 
rington paiap biases the law, “nothing 
new could be added to an animal- shape 
except at the cost of taking something 
away.” Goethe was so pleased with his 
discoveiy tliat he wrote a poem about 
it The “law” was another bad guess. 

This was the sum of Goethe’s science. 
Some nonsense about color, a false con- 
jectuie about leaves, another about the 
skull; a law of coi relation which Sher- 
rington labels “a clumsy error.” Yet one 
hears it said that Goethe was an accom- 
plished scientist, a universal genius who 
created much in this field and might 
have created more had there been fewer 
demands on his time. 

Sherrington points out that Goethe 
possessed neither the temperament nor 
the dismteiestedness necessary to a sci- 
entist. He was a poet, a pantheist and an 
entliusiastic observei of nature— an ob- 
servei, that is, where no tiresomely com- 
plicated instimments or calculations were 
lequiied. The least datum might serve 
him as a basis for a grandiose system. He 
had neither the patience noi the humility 
to reflect, to add fact to fact. On discov- 
ering some new point— new to him— his 
first inclination, and often his last, was to 
leap to a theoiy and to break into verse. 
There is no reason to believe that he had 
a remote inkling of the concept of evolu- 
tion, though admireis, straining the 
words of some poem or apothegm, have 
called him Darwin s precursor. He had 
no notion of heredity but instead ac- 
cepted “luirtuie” as tlie determining in- 
fluence in natural change. He could not 
tell a lark from a sparrow; he was a lover 
but not a knower of nature. 

Thioughout his life Goethe was a 
staunch conservative, a fiiend, m his 
own words, of the “established order”; 
an enemy of skepticism and equality 
alike. This conservatism found expres- 
sion in his literary works and, one may 
suppose, in his scientific behefs. I have 
noted that Aristotle’s methods served 
him for both inspnation and model. Ex- 
amine the implications of this conserva- 
tism and you will discover, I believe, an 
important clue to his lack of success in 
science. What I mean is this The phiase 
“science moves forward” is, m a sense, 
misleading. Fundamental discoveries are 
not so much a “moving forward” as a 
destroying of older theories and the re- 
placement of them by newer and better 
ones. In this game the cautious, conser- 
vative player usually comes off poorly. 
One may reason that Goethe was more 
inhibited as a scientist by rigidity of out- 


look than by inadequate tiaimng m 
physics, botany and zoology. It is sur- 
prising to leatn how often men schooled 
primarily in one field have been able to 
enrich anothei • “It is no accident [I 
quote fiom C. D. Dailmgton’s Conwav 
Memorial Lectme] that bacteria weie 
first understood by a canal engineer, that 
oxygen was isolated by a Umtaiian mm- 
istei, that the theory of infection was 
established by a chemist, the theory of 
heredity by a monastic schoolteacher, 
and the theory of evolution by a man 
who was unfitted to be a university in- 
struct oi in eithei botany or zoology ” As 
a lawyei, government official, theatre di- 
rector, pamtei, poet and novelist, Goethe 
gave sufficient evidence of versatility so 
that it was not beyond expectation that 
his passionate love of natuie and pio- 
fessed love of science would issue m 
cieative achievements. 

Yet it came about that, living at a 
time when Boyle had founded modern 
chemistry and Lavoisier, Cavendish and 
Dalton “had established it”; when New- 
ton’s vast discoveries had led Lagrange 
and Laplace to further gieat achieve- 
ments; when the physical, biological and 
mathematical sciences weie m a state of 
ferment and unparalleled giowth, he 
“lay becalmed, so to say, m a small 
quasi-scientific backwater.” In almost 
every respect, Goethe’s thinking was re- 
mote fiom the positions science had al- 
ready reached. The names he used, the 
qualities he ascribed to natural forces 
“were shot through with anthropomor- 
phism, which, unless used purely as 
metaphoi, is the occult.” In his scientific 
judgments we are back, says Shei ring- 
ton, in the “mediaevum and early lenais- 
sance.” 

Scientific progiess rests on measure- 
ment and number, on patient watching 
and testing, it depends also upon a spe- 
cial sort of insight and imagination re- 
garding the crucial things of the physical 
world, the things to be singled out as sig- 
nificant fiom a multiplicity of phenome- 
na. Goethe was neither disposed to sub- 
mit to science s discipline nor so divinely 
gifted that he could affoid to disregard 
it. If anything, the imaginative powers 
that served him in literature betrayed 
him in scientific thought; perhaps one 
should go further to ask whether his lit- 
erary works are not maiked by the traits 
which handicapped him in science. 

It remains to add that no living man 
is better quahfied than Sir Charles Sher- 
rington to appraise Goethe on nature and 
science, A giant among scientists, a 
philosopher, a distinguished literary fig- 
ure, an old man, wise, sympathetic, un- 
sentimental and unafi-aid, Sherrington 
embodies the virtues and talents so often 
ascribed to Goethe himself. 


A niuau Encyclopaedia; Mammals, 
- by Leo Wender. Oxford University 
Press ($4.50). From Aardvarks to 
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Zwart- wit-pens, a handy clictionaiy of 
1,500 mammals, giving for each species 
facts about height, weight, coloi, habi- 
tat, and occasional curiosa The Romans 
fattened and ate the Fat Dormouse, the 
Coypu, whose coat gives ‘hiutna,’' is 
reaied on fur faims 'Trom which it fre- 
quently escapes”, the House Rat is ar- 
boreal, entering buildings by loofs and 
windows, while the Brown Rat is a bur- 
rower and swimmer, coming in through 
the drains; there are common, notcla- 
eared, leaf-nosed, epauletted, hairy- 
armed and hail -tooted bats There is also 
a Sombie Wallaby. The illustrations and 
leproduction, however, leave something 
to be desiied. 

S tudies in Philosophy and Science, 
by Mon is R. Cohen. Henry Holt & 
Company ($4.50). A collection of scat- 
tered articles and book reviews gathered 
from the writings of the noted philoso- 
pher who died in 1947. It includes his 
sharp critique of Francis Bacon and the 
inductive method, the celebrated expo- 
sition of the theory of relativity written 
for The New Republic in 1920, The 
Faith of a Logician, and a number of 
essays on John Dewey, Hegel, Benedetto 
Croce and Josiah Royce. Professor Cohen 
wrote with clarity, foice and wit, and 
even these essentially minor pieces show 
the range and grasp of a distinguished 
intellect, of a widely honored and be- 
loved teacher who deeply influenced, in 
theii* formative period, a number of the 
leading contemporaiy American philoso- 
phers. 

J anes All the Worlds Aircraft, 
1948. The Macmillan Company 
($20.00). This new edition of Janets 
Fighting Ships' younger cousin main- 
tains the high standards of earlier years 
m the face of mounting difficulties due 
to the 'lapid congealing of all channels 
of military information. The air minis- 
tries and depaitments of the world are 
more on the defensive and thus even 
touchier on the subject of secuiity than 
the various armies and navies. The illus- 
trated record of U. S and British air- 
craft production during the last year 
constitutes two thirds of the book. The 
diversity and preponderance of mili- 
tary aircraft are astonishing, the most 
unlikely monster designed to gratify 
unfriendly impulses being Northrop Air- 
craft s Flying Wing. ''Russia,” as Leon- 
ard Bridgman, the editor, remarks in 
the preface, "remains an enigma.” The 
Red Air Force section has been entiiely 
revised, now occupying 14 pages (in- 
stead of only six pages, as last year) ; but 
tlie jet-propelled Ilyushin and Tupolev 
bombers, the Mig (Mikoyan and Gure- 
vich) jet fighter, the new Yak 15 turbo- 
jet— the newest models and types, in 
other words— are not displayed by means 
of photographs but rather as artists’ 
sketches prepared on the basis of infor- 
mation obtained “from cine film exposed 


from the giound thiough a telescopic 
lens’ at the 1947 Aviation Day display 
in Moscow 

C HRISTIAN Huygens and the Devel- 
opxiENT OF Science in the Seven- 
teenth Century, by A E. Bell. Long- 
mans, Gieen and Company ($4.50) A 
clear, leadable account of the life and 
work of one of the foremost scientists of 
the 17th centuiy. Huygens has to his 
ciedit the fiist accuiate pendulum clock, 
a geometrical tieatment of the leflection 
and lefraction of light, a considerable 
extension of the science of mechanics in- 
cluding the first satisfactory foimulation 
of the natuie of centiifugal forces, major 
impiovements m the telescope and the 
discovery of the imgs of Saturn. He was 
not, however, as is often stated, a pro- 
ponent of the modern wave theory of 
light, although he did suggest a “pulse 
theory.” Di. Bell’s book is divided into 
two parts, biographical and scientific, a 
plan not without its disadvantages. The 
book serves a useful purpose for the gen- 
eral reader, there being no other modem 
or English biography of this pioneer 
scientist whom Newton, not given to ex- 
travagant tribute, praised as “the most 
elegant mathematical writer of modern 
times, and the most just imitator of the 
ancients. . . ,” 

U nresting Cells, by Ralph W. Ger- 
ard. Harper and Brothers ($4.00). 
In the past few decades physicists have 
made a number of ambitious attempts to 
explain physics to the educated layman. 
Similai writing by biologists has usually 
been limited to smaller segments of bi- 
ology, doubtless because of the greater 
specialization of the ‘biological sciences. 
Unresting Cells is a notable exception. 
The author, professor of physiology at 
the University of Chicago, has covered 
a wide range of such subjects as metab- 
olism, enzymes, growth, reproduction, 
differentiation and heredity in a literate 
and detailed way. The book was fiist 
published nine years ago, but was 
quickly out of print because of wartime 
lestrictions. It has now been repiinted. 

A cetylene Chemistry, by Julius 
^ Walter Reppe. Chailes A. Meyer & 
Co., Inc. ($10,00). During the war 
J. Walter Reppe, head of 1. G. Farben’s 
mam research laboratories, became some- 
thing of a legend among the world’s 
chemists. The Germans wanted to build 
a chemical industry that was inde- 
pendent of their scarce supplies of oil 
and gram, so Reppe and his men devised 
remarkable processes utilizing the dan- 
gerously reactive gas acetylene, which 
can be made from coal [Scientific 
American, January]. At the end of the 
war Reppe was interned in “Camp 
Dustbm” and put to work writing his 
chemical memoirs. The present volume 
is a translation of the highly technical 
but historically important result. ^ 
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THERE IS a world of information, pleasuie, 
and inspiration for amateur astionomers in this 
exciting new book Based on the authors’ own 
experience as skyshooters, it tells explicitly and 
understandably what there is in the heavens 
to photograph and how to shoot it — the mysteri- 
ous and beautiful auroiae, the flashing meteors, 
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There is also ample background material on 
astronomy, telescopes, telescope mountings, and 
other necessary or desirable equipment — every- 
thing, in short, that anyone needs to know to 
get properly started as a skyshooter, and to be 
reasonably certain of success That camera sky- 
shooters can produce astronomical pictures of 
great beauty is abundantly proved by the book’s 
59 illustiations, all but four of w^hich wete 
made by nonprofessionals. 17 tables. $3,75 
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The Habits of 
Web-Weaving Spiders 

By Winifred Duncan 



THIS IS the story of a two-year voyage of 
discovery into the little-known world of the 
web-weaving spiders, sweeping away the all- 
too-common misconception that spiders must 
pioperly be viewed with disgust. Abundantly 
illustrated with the authors* drawings, it is 
more than a significant scientific field report It 
shows the web-weavers as superb architects and 
engineers . permits the reader to eavesdrop, 
not once but many times, on their seasonal ac- 
tivities, including the seldom-observed mating 
dances 388 pages, $4.50 
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craters on the moon, etc. The 4<'mch diam- 
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from a thick plate of optical glass to extreme 
accuracy and then hard aluminixed for high 
reflectivity and great durability. Also in- 
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magnifications of 25X. SOX, 75X, lOOX, and 
125X, a standard IV 4 inch diameter eye- 
piece, an optically flot mirror for erecting 
the Imo^e and viewing terrestrial objects, 
on eyepiece tube, an opticolly flot alumin- 
ized diagonal, and instructions, all for only 
Si.50 

We pay fhe postage. 
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Conducted by Albert G. Ingalls 

J OHNSONIAN is the name suggesteci 
by this wiTter for a new type of 
Giegoriaii telescope devised by 
Lyle T. Johnson, a physicist amatem 
astronomer of La Plata, Md. Johnson 
gave much thought to the evil effects of 
the conventional secondary minors that 
aie used m compound telescopies, and 
that are best adapted to observing the 
planets because they magnify highly. 
These secondaiy mirrors lie squarely in 
the path of the incoming light. Not only 
do they cut ofl some of it, but tliey cause 
a bending of the rays that graze their 
edges. This diffraction lenders tlie un- 
ages less distinct and reduces planetary 
conti’ast. 

Seeking ways to reduce this obstruc- 
tion, Johnson proposed to take the sec- 
ondaiy mirror entu'eiy outside of the 
tube, and leave in its place only a tiny 
diagonal flat muTor to reflect the rays to 
this secondaiy. His final arrangement is 
shown m the drawing on page 63, where 
it will he seen that only one ofl'-axis side 
of the secondary mirror is employed. In 
Johnson’s first solution the center of the 
same mirror was used, hut he quickly 
saw that the same rays would then pass 
the diagonal miiaor twice, thus laigely 
annulling the reduction m diffi action 
due to the i educed size of the diagonal 
minor. He by-passed the diagonal by 
using an off-axis ellipsoidal mirror-that 
IS, the side of a larger ellipsoidal— the re- 
maining part being left nonfunctional 
'‘This telescope,” he wrote when he 
first proposed it in this depaitment in 
July, 1944, 'should approach the per- 
formance of a refractor more closely than 
anv other type of reflector.” Now that the 
first Johnsonian telescope has been built, 
he is able to write, "“I have been using 
my new 10-inch modified Gregorian 
since last November, and am very 
pleased with its performance. I have had 
excellent views of Saturn and have seen 
nine belts on Jupiter. 

‘‘This telescope was designed pri- 
marily for planetary observing and has 
an equivalent focal length of 15 feet. 
The square skeleton tube is mainly of 
aluminum and the rest of the telescope 



IS stech Foi photogiaphic use, a 40- 
pound war-suiplus K-19 aerial cameia 
with 13b-inch focal length, fS.5 Eastman 
anastigmat lens, is attached to the same 
mounting. The cameia is not an integral 
part of the telescope When attached it 
shifts the tube’s center of giavity towaid 
the eye^Jiece, making it easier to leach. 

“For a findei, a thiee-mch f5 wai- 
surpliis objective is mounted in the coi- 
ner of the tube A wai-suiplus flat leads 
the light from this to a second fiat, which 
may be slid into position in fiont of the 
eyepiece dm mg use of the finder. 

“The telescope pier is in the center ol 
a 12-foot-square obseivmg floor , An 
aluminum-covered housing protects the 
mstiTiment when it is not in use. 

“This type of telescope has a numbei 
of advantages. The secondaiy of the con- 
ventional 10-inch Cassegrainian oi 
Gregorian telescope is usually about 
three inches in diameter, and die diag- 
onal flat of a Newtonian about two inch- 
es. This large central obstiuction causes 
extensive diffraction effects that impau' 
definition. The modified Gregoiian, how- 
ever, has a cential obstiuction of less 
than '^t-inch diameter, reducing diffrac- 
tion effects and inqiroving definition. 
The loss of light due to the central ob- 
sti'uction is 5 pei cent, compared with 
5 or 10 per cent in the usual reflector. 
This gam, however, is appioximately 
canceled by the loss in the third leflec- 
tion. Hence the over-all ti-ansmission of 
light is about the same as in a conven- 
tional two-mirror telescope 

“The long focal length is especiallv 
good foi planetary obseivmg, as it makes 
possible high powers with medium focal- 
length eyepieces. The slender cone of 
light favors the eyepiece but may in- 
crease the conspicuousness of 'ghosts’ in 
some Ramsden and Kellner eyepieces, so 
I use mostly oithoscopic eyepieces and a 
Hastings triplet. With these I get inag- 
mfications of 180, 250 and 300 diameters 
and, with a Kellner eyepiece, occasional- 
ly up to 490-but at the Newtonian 
focus, as low as 38 diameters with two- 
degree field: nearly a nchest-field tele- 
scope. A stop may be placed at oi very 
near the primary focus to reduce stiay 
light entering the eyepiece, 

“The telescope may be aiianged to 
use the Newtonian focus witliout dis- 
tm'bing the Giegoiian flat in any way. 
The Newtonian eyepiece is so close to 
the Gregorian eyepiece tliat the same 
slow-motion controls may be used at 
either position. 

A conventional Cassegrainian or 
Gregorian must have a high pier, to per- 
mit comfortable access to the eyepiece at 
the lower end of the tube. Such an ar- 
langement puts the Newtonian eyepiece 
high up where it is difficult to reach. A 
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modified Giegoiuin can use a lovvei pier, 
thus making both eyepieces more acces- 
sible. With my telescope I can observe 
any pait of the sky without climbing 
more than 18 inches oft the observing 
floor, and if I had built it with a i otating 
tube I would never have to climb at all. 
The lower pier also makes possible a 
smaller shelter or dome. 

“Each miiroi, primary and secondaiy, 
may be tested by itself For the test theie 
is no need for a lai ge flat, and no possi- 
bility that eriois m one mnror will mask 
those m anothei 

“The paiaboloidal piimary may be 
tested by the usual methods, but must 
be veiy accuiate, as any eriois m it will 
be magnified by the ellipsoid It may be 
given a gi eater local length than is pos- 
sible with conventional Cassegramians 
or Gregorians, making its testing and 
figuring easier, and also making it moie 
suitable foi use at the Newtonian focus. 
Paiaboloids of medium focal length are 
easier to make than those ol short local 
length, and ellipsoids with small ampli- 
fying ratio aie easier to make and test 
than those of higher amphlying ratio. It 
follows that modified Giegorians, with 
piimary miirors ol /6 to /8 and second- 
aries of amplifying ratios iiom two to 
thiee, aie much easier to make than con- 
ventional compound types, with prima- 
lies of /3 to /5 and ellipsoids of focal 
ratios liom thiee to five 

These are the advantages of the John- 
sonian. 

T he six-mch ellipsoidal secondary 
proved to be much easier to make 
than the 10-inch paraboloid. It was to 
have a radius of curvature of 10.8 inch- 
es, or a speed of / 9, and almost half an 
inch of glass had to be removed from the 
center. This was done by hand tools— 
glass caster cups of 2%-inGh, thiee-mch 
and four-inch diameter, used in that se- 
quence. Grinding was concentiated in 
tlie center until a hollow of about the 
light cmvature developed, and then the 
sti-okes were lengthened until this hol- 
low spread to the edge of the disk. With 
No. 80 Garbo 22/2 houis weie required, 
and five castei cups weie worn out. 

“When the fine grinding was finished 
the minor was given an hoiii's polishing 
and tested at the center of curvature. It 
was found to be a sphere. With the pin- 
hole moved to the position and the 
knife-edge to the F.j position, the ap- 
parent figure resembled that of an oblate 
spheroid tested at the center of cuiva- 
ture. The difference in knife-edge set- 
tings from center to edge was about 
three inches. 

“Rough figuring was done with emery, 
alternated with short spells of polishing 
to permit testing. When figuring a semi- 


pohshed smface with emeiy it is easy to ^ 
tell whethei the tool is grinding m the 
light place, as the mil r or loses its polish 
soonest in the zone where the grinding 
IS gieatest. It was necessary to return to 
enieiy six times before the surface was 
close enough to the desned ellipsoid to 
permit figuiing by polishing. Most of the 
rough figuiing was done with a three- 
inch tool. 

“Geiia was used for most of the polish- 
ing, but it was found that the minor was 
being sciatched, so the job was finished 
with louge. A soft, 2h-mch lap was 
tound best toi polishing so radical a de- 
paituie from a spheie 

“In testing the ellipsoid the pinhole 
was placed at and the knife-edge at 
Fm. The desned ellipsoid darkens iini- 
loimly and appears fiat, no zonal meas- 
uicments being necessaiy. The pinhole 
was m the end ol a ^ j-mch-diametei cyl- 
inder and was illuminated by a flash- 
light bulb, with a piece of giound glass 
between bulb and pinhole. Pinholes weie 
made m heavy foil and were easily intei- 
changcable. 

“This test setup had two diawbacks 
First, the miuoi wasn’t evenly illuminat- 
ed by the pinhole, making it difficult to 
distinguish the shadows near the edge of 
the mirror. Also, convection curicnts that 
rose from the lamp housing aflei it had 
been m use for a lew minutes made shoit 
periods advisable m testing Neverthe- 
less, the ellipsoid was figured with this 
setup These drawbacks could be over- 
come by using the method dcscnlied in 
Amateur Telescope Making, page 369* 
a diop of meicury on the end of a slick. 

“As a further test a .165-mch eyepiece 
was placed at F^ to examine the image. 
A numbei of pinholes weie made m 
aluminum foil, and the smallest was se- 
lected. This was then partly closed by 
pushing the ragged edges back into the 
hole, leaving a veiy iriegulaily shaped 
hole with a length of .0015 inch. Details 
in the jagged edges of the hole, with di- 
mensions of less than .0001 inch, could 
easily be seen. The theoietical lesolvmg 
power of a 10-inch telescope is .45 sec- 
ond, v/hich would be .00013 inch at the 
primal y focus. Thus tlie ellipsoid takes 
full advantage of the resolving power of 
the primaiy. Any stretching or move- 
ment of the detail as the eyepiece is 
moved into oi out of focus may indicate 
astigmatism. If the direction of such 
movement does not rotate with the mir- 
ror, the astigmatism is in the testing ap- 
paratus. 

“In making any of these tests of the 
ellipsoid the apparatus had to be posi- 
tioned very accurately. Luckily, the mir- 
ror was so close to Fo that it could be 
moved with one hand while looking 
through the eyepiece. Goma becomes 
rather evident with any slight misalign- 
ment of the apparatus. 

“The same apparatus was rearranged, 
as shown in the drawing on page 62, to 
test the small prism that was to be used, 
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Finder, objective, curved spider 


with its hypotenuse face toward the re- 
flected cone of rays, as a diagonal. The 
image was examined with the eyepiece. 
The prism was arranged so that almost 
the entire ellipsoid was illuminated. The 
pnsm-face dimensions needed were Tdo 
by % inch. The components were ar- 
ranged almost as they are in the com- 
pleted telescope, yet the sensitivity to 
eiTor was much greater in the test, be- 
cause the entire aperture instead of only 
an o£F-axis portion of tlie ellipsoid is used, 
and thus the light leaves the miiTOr in an 
/4 mstead of an flS cone Nearly the en- 
tire surface of the prism is used to form 
the image of a single point, while in the 
telescope only a yi 2 -inch-diameter area 
is used to form the same image. The 
high-power (.165-inch) eyepiece used 
in tlie test would give much too high a 
magnification on the telescope— 1,070 
diameters. 

'*The tiny diagonal reflects the light to 
a two-inch portion of the six-inch ellip- 
soid. Actually, the flat was placed half 
an inch beyond the focus of the pnmaiy, 
since at the focus any dust on its surface 
would be sharply in focus at the eye- 
piece, Also, if the flat is placed inside 
the primary focus the ellipsoid may be 
so proportioned as to bring the eyepiece 
closer to the tube. (If it is desired to 
make photographs at the prime focus, 
the fiat may be placed far enough out- 
side the focus so that the film holder can 
be attached at the propei position with- 
out disturbing it. But with the flat out- 
side the focus collimation would be more 
complicated.) 

‘'As in any compound telescope, the 
optics must be held in rigid ahgnment 
and must be easily adjustable. For col- 
limation, crosslines were scratched on 
the cell of the ellipsoid with their inter- 
section over the center of the mirror. A 
tube 1^ inch in diameter, with cross-hairs 
m one end and a peephole in the other, 
was placed in the eyepiece tube. The 
eyepiece mount was tflted until the cross- 




Testing the ellipsoid and prism 


hairs, made of thread, were lined up with 
the cross-scratches on the cell of the 
ellipsoid. This tube was then removed 
from the eyepiece tube and a ring with 
cross-hairs placed over the end of the 
eyepiece tube. 

“A frame with cross-hairs was then 
clamped to the diagonal mount in such 
a way that the cross-haiis could be ad- 
justed until they were exactly at the 
primary focus. Tins frame was adjusted 
until its cross-bail s were in Ime with the 
cross-scratches on the ellipsoid cell and 
the cross-hairs at the end of the eyepiece 
tube. The cross-hairs were also adjusted 
until they were inch from the center 
of the diagonal. 

“The eyepiece mount was then fo- 
cused until the distance between the two 
sets of threads was 14h inches, which 
was the distance between Fj and F 2 as 
determined when testmg the ellipsoid. 
The ellipsoid was then adjusted, longi- 
tudinally and by tilting, until the thrice- 
magnified image of the first set of cross- 
hairs was coincident with the cross-hairs 
at the end of the eyepiece tube. 

“To determine whether the image and 
the second set of cioss-hairs were in the 
same plane, they were tested for parallax 
by watching them while moving the 
head from side to side. If there is no ap- 
parent movement of the image with re- 
spect to the second set of cross-threads, 
they are in the same plane. If the image 
moves in the same direction as the eye, 
it is farthei from the eye, and the ellip- 
soid must be moved closer to the primary 
focus. If the cross-hairs move m the same 
direction as the eye relative to the image, 
the image is between them and the eye, 
and the ellipsoid must be moved away 
from the primary focus. The distance tlie 
mirror must be moved is one third the 
distance between the second set of cross- 
hairs and the image of the first set, so the 
test is very sensitive. 

“With the ellipsoid properly adjusted, 
the diagonal could be adjusted. It was 
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moved longitudinally and lilted until the 
reflection of the lower end of the tele- 
scope tube was properly centered when 
looking into the eyepiece tube. 

‘The 10-inch paraboloid was then at- 
tached to the tube and squared approxi- 
mately. The ring with cioss-hairs was 
removed from the eyepiece tube and an 
eyepiece inserted. The paraboloid was 
moved longitudinally until the primary 
focus was coincident with the cross-hairs. 
This may be done with great accuracy by 
focusing ihe*^ telescope on a distant ob- 
ject and then moving the paraboloid un- 
til the cioss-hairs and the image of the 
distant object are in the same plane. This 
was tested by the parallax method, just 
as when adjusting the ellipsoid, except 
that now an eyepiece was used. If the 
object image appeals to be beyond the 
cioss-hair image, the mirror is too far 
down the tube and must be moved up. 

‘The mirror was first adjusted on a 
house two miles distant, but when turned 
on a house four miles distant was found 
to require readjustment, so the final ad- 
justment was made on the moon. 

‘The paraboloid was then accurately 
squared on, making use of a dot of paint 
in its exact center. The position of the 
image plane was again checked. The 
cross-hairs were removed from the diag- 
onal mount, as the telescope was now in 
collimation and ready for use. 

“The parallax method of adjusting the 
mirror was found to be so sensitive that 
the fo?al plane of the primary could ac- 
tually be located precisely between the 
two crossing threads, which moved in 
opposite directions when the observer 
moved his head. 

“A Newtonian of the conventional fS 
ratio can be made more suitable for 
planetary observation by converting it 
to an /16 or fl8 modified Gregorian. To 
convert a 10-inch telescope from fS to 
/18 or longer, the ellipsoid would be 
made, for example, from a 4^-inch Pyrex 
disk. The radius of curvatoe would be 


82i inches, sagitta Vi inch, p would be six 
inches and p' 13)a inches. To get a field 
one inch in diameter at the eyepiece a 
.56-mch flat would be needed. If the 
Newtonian does not have a first-class 
paraboloid, however, it would be a waste 
of time to convert it. 

“The modified Gregorian has a doubly 
inverted field. North is at the top and 
west at the left, just as on a map. 

“The following formulas may be used 
for determining the mirror pioportions 
when the small fiat is inside of the prime 
locus. The formulas are not all exact, 
since some approximations were made in 
their derivation, but they are close 
enough for use. 

“Diameter of field at secondary fo- 
cus=I 

“Diameter of field at prime locus==/= 

I/A 

“Amplification factor, ellipsoid=A= 

p'/p 

“Mirroi diameter=M 
“Focal length of primary=F 
“Equivalent focal len gth =AF 
“Distance, primary focus to flat— b 
“Width of fiat=F=[Mb + l(M-b)] 
/F^ 

“Diameter of off-axis portion of ellip- 
soid used = D= [MF + /(F + p) ]/F 
“Diameter of cone between off-axis 
part of ellipsoid and eyepiece at point 
where it crosses optical axis=C= [ (p'-- 
p-b) (D-f)/p1+J 

“If the small diagonal were outside of 
the- pi line focus, + b would be used in 
the formula for C, all other formulas re- 
maining the same, 

“Distance from center of ellipsoid to 
edge of off-axis area of ellipsoid=d!— pp' 
[(C + E)/2 ip+b) (p^-^p)]-D/2 
“Minimum radius of blank needed to 
make ellipsoid— f=D + d! 

“Radius of curvature of ellipsoid=:R=2 
p'p/ip'+p) 

“Remaining to be completed are the 
driving clock, right ascension circle, eye- 
piece and flat for the Ne^vtonian focus,” 
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MENZEL 

''OUR SUN" 

A dramatic and entertaining book ex- 
plaining the basic methods tor finding 
out about the sun. It evaluates and dis- 
cusses the sun as it affects our natural 
resources, as a possible source of 
power, heat and fuel, as it affects 
radio and weather forecasting; and 
lastly it explains the correlation be- 
tween sunspots and the stock market. 
Certain to become a best seller, Our 
Sun is a book you can't afford to mtss. 

1 78 Illustrations, 326 pages, $4.50 


Have you read these 
HARVARD BOOKS 
on Astronomy? 

Telescopes and Accessories by Dimitroff 
and Baker — Earth, Moon and Planets by 
Whipple — Between the Planets by Watson 
— The Story of Variable Stars by Campbell 
and Jaccnia— 'Atoms, Stars and Nebulae 
by Goldberg and Aller— The Milky Way by 
Bok and Bok — Galaxies by Shapley-r(All 
edited by Harlow Shapley and Bart J. Bok) 


Please send Meniel's Our Sun; my_ check is 
enclosed, charge my account. It is under- 
stood that you will credit my account in 
full for the book if I wish to return it within 
lO days 

NAME ... 

ADDRESS . . 

CITY ZONE STATE . . 
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The Blakiston 
Company 


1012 Walnut Sfreet, Philadelphia 5, Penna. 
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One of the important American liber- 
ties is the freedom a company has to 
begin business, and not only that, but to 
grow and expand as it develops possibili- 
ties for increased service Revere is espe- 
cially conscious of this at the present time 
because we are again in a period of 
growth — the new Revere aluminum strip 
mill has just begun to roll The mill pro- 
duces aluminum strip in coils up to 24 
inches wide, and 037 inch and thinner 
We can supply coiled metal up to 70 
pounds per inch of width, for those firms 
which like to set up for long runs The 
strip is being rolled in 2S, 3S, 4S and 
52S alloys, thus offering a wide choice. 

Thus Revere know-- 
how m metal once again 
is being applied to alumi- 
num It was in 1922 that 
we began to make alumi- 
num extruded shapes in 
special designs to cus- 
tomers’ orders This was 
a logical extension of 
Revere ’s skill, since we 
had long previous experience wdth the 
production of such shapes in copper al- 
loys, and were well acquainted with the 
techniques involved. Success wdth alumi- 
num shapes proved that the application 
of those skills to the newer metal was not 
only practical, but of value both to Revere 
and its customers. Later, we entered the 
growing market for aluminum forgings, 
and since non-ferrous forging is a famil- 
iar process to us, w-e were immediately 
successful in producing intricate and 
difficult parts as well as those offering 
only the usual problems Subsequently, 


we applied our skill m tube manufac- 
ture to aluminum and began the pro- 
duction of tube in aluminum alloys in a 
wide variety of diameters and gauges 
In all, Revere has had some 27 years 
of experience with aluminum In the case 
of aluminum strip, we are entering a sub- 
division of the aluminum market that re- 
quires a combination of conventional and 
special skills Producing a coil of alu- 
minum strip 24 inches wide and w^eighing 
16S0 pounds is not too easy, but we know 
how to do it. We consider this just as 
important a contribution as the ability 
to provide smaller coils for customers 
needing less metal It wdll also be noted 
that Revere specializes in 
thicknesses .037 inch and 
thinner. Some of the thin- 
ner gauges are difficult to 
roll — but Revere knows 
how- to do it perfectly 
Here again, we feel we 
have a service to render. 
If one w’ord could sum up 
that service, it wmuld be 
“flexibility", w-hich connotes such things 
as being able to move fast wdthout fum- 
bling in this special strip business, per- 
sonal attention to the individual require- 
ments of customers : and a large amount 
of adaptability to demand. 

Such a process of widening the appli- 
cation of skill and experience has marked 
the growth of our business, and of Ameri- 
can business as a w-hole It is a healthy 
kind of growth for every company, for 
through it, goods and services of all kinds 
are made more plentiful, and the w-elfare 
of all the people heightened. 
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I Look for 
SELECTION 

{ B8tA offers over l^OOO reagents 
and fine chemicals ) 



i Look for 
PURITY 


( B&A Reagents always meet or 
exceed A.C.S, specifications) 



i Look for 
PROMPT DELIVERY 

(B&A has distributing stations in key cities 
from coast to coast) 






For over two generations, B&A Reagents 
have had the reputation of “setting the pace 
in chemical purity.” These quality chemi- 
cals always meet or exceed exacting A.C.S. 
specifications. For the best, be sure to 
“specify B&A.” 

When ordeiing, you will find the B&A 
Products Book an invaluable guide. It fea- 
tures over 1,000 purity products of Re- 
agent, A.C.S., C.P., U.S.P., and Technical 


grades; it tells how you can save time. 


effort and money when you obtain your 
laboratory chemical requirements from 
this one dependable source. Free copies 
available from nearest office listed below* 
Remember too, that extensive stocks of 
B&A Reagents are carried at Baker & 
Adamson’s nationwide chain of distribut- 
ing stations. The station nearest you can 
build its stock to supply your special day- 
to-day requirements. Take advantage of its 
services now ! 




GENERAL CHEMICAL DIVISION 

ALLIED CHEMICAL & SYE CORPORATION 
w »8 5fiw iMi A® »» 4 0 RECTOR STREET, NEW YORK 6, N . Y;- = £ i 

Offices. Albany* • Atlanca • Baltimore • Birmingham* • Boston* * Bridgeport* • Buffalo* • Charlotte* 
Chicago* • Cleveland* • Denver* • Detroit* • Houston* * Kansas City • Los Angeles* • Minneapolis 
r^ew %rk* • Philadelphia* • Pittsburgh* • Portland (Ore.) • Providence* ♦ St, Louis* • San Francisco* 
Seattle • Wenatchee (Wash.) ^ Yakima (Wash.) 

In Wisconsin. General Chemical Company, Inc , Milwaukee, Wis. 

In Canada; The Nichols Chemical Company, Limited * Montreal* « Toronto* « Vancouver* 

$ETTIHO THE FACE I H CHEMICAL PURITY SINCE I8S2 

♦Complete stocks are carried here. 
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World's fastest aulomatic 


changes rccoids in 5 seconds. 


cAa/7^e ard/s6 


Hundieds ol thousands are now enjoy- 
ing RCA’s thrilling new way of playing 
lecoids . . they maivel at its wondeiful 
tone . . . and the speed with which it 
changes lecoids. 

Prolonged research is behind this achieve- 
ment, research which sought— for the hist 
time in 80 years of phonograph histoiy— a 
record and automatic player designed for 
each other. 

Revolutionaiy is its record-changing 
principle, with mechanism inside the 


central s^^indle post on which records 
are so easily stacked. Result: a simpli- 
fied machine, that changes records in 
5 seconds. 

Remarkable, too, are the new records — 
only 6% inches in diameter— yet giving as 
much playing time as conventional i2-inch 
records. Unbreakable, these compact vinyl 
plastic discs use only the distortion-free 
“quality zone". . . for unbelievable beauty 
of tone. 

Value of the research behind RCA s 


45 rpm system— which was staited 11 
yeais ago at RCA Laboratories— is seen 
in the instant acceptance, by the public, 
of this better way of playing records. 
Music lovers may now have both the 45 
ipm system, and the conventional ^‘78." 

' 51 3' 

Development of an entirely new lecord- 
playing principle is just one of hundreds of 
ways in which RCA j esearch works for you. 
Leadership in science and engineering adds 
value beyond price to any product of RCA, 
or RCA Victor. 
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Sirs. 

The tendency of the pendulum of 
opinion to overswing is quite as notice- 
able in the scientific world as elsewhere. 
Only a lew years ago D. M Barringer 
and his associates were waging an uphill 
but eventually successful campaign in 
the pages of the Scientific American to 
pro\^e that one terrestrial meteorite crater 
(and that the most obvious one) actu- 
ally had its origin m meteontic impact. 
In the July issue of tire same magazine 
Ralph B. Baldwin takes the position that 
all of the miIhons*o£ craters on the moon 
are meteorite crateis. Furthermore, Bald- 
win's extravagant views have been sanc- 
tioned in the first published review of his 
recent book, The Face of the Moon (see 
Fred L. Whipple, Sktj and Telescope, 
August, 1949, pp 258-59 ) . 

The satisfaction felt by meteoriticists 
that scientists of the caliber of Baldwin 
and Whipple are now actively engaged 
in the development of meteoritics, a field 
too long Ignored by the geologist and 
the astronomei, must be tempered by 
concern that hast\^ acceptance of such 
extreme views as Baldwin’s react to dis- 
credit the new science. This letter has its 
origm in such concern. Its puipose is to 
laise a number of objections which either 
render most improbable Baldwin’s thesis 
that all lunar craters are of impact {le,, 
extrinsic) origm; or which bring out cer- 
tain redundancies or inadequacies in the 
evidence Baldwm has piesented in sup- 
port of Iris views; or which make clear 
that in his precipitate abandonment of 
aU intrinsic theories of lunai crater for- 
mation, he has entirely escaped coming 
to grips with the most modem and, in 
the rmter’s opinion, the best-founded 
explanation of the craters on the moon, 
exclusive of the so-called ray craters. 

Summarized briefiy, these objections 
iire as follows: 1) It is extremely un- 
likely that the observ'ed distnbution of 
craters on the moon arose by chance, as 
would necessarily be the case if these 
craters had been produced by a random 
fall of meteorites on the lunar surface. 
2) Contrary to BaldAVuTs conclusion that 
only meteoriric impact explosions could 
produce on the moon craters with the 
characteristics observed in the lunar 
craters, the most recent intrinsic theory 
of the origin of these craters not only 
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provides craters which conform quite as 
well as explosion craters to the various 
empirical relations discovered by the 
study of individual lunar ciaters, but 
also actually predicts such general lunar 
features as the polygonal rather than 
ciicular shape of most of the large 
crateis. 3) Baldwin, by adopting C C 
Wylie’s estimates of the mass of the 
meteorite which created the great ci ater 
at Canyon Diablo, Aiiz., is enabled to 
ascribe even the largest of the lunar 
craters to the impact of meteoiites of 
amazingly small size. Actually the es- 
timates of Wylie have been shown to be 
quite unrealistic Hence the impact ex- 
plosions of such cosmic pebbles as Bald- 
win describes are not competent to pro- 
duce the huge crateis credited to them. 
4) Baldwin cites the relationship be- 
tween crater-diameter and rim-height as 
ewdence for the explosive origin of the 
lunar craters m addition to evidence af- 
forded by the diameter-depth i elation. 
However, the relation between diameter 
and rim-height is a simple consequence 
of the diameter-depth relation m view of 
Schroter’s Law and the proportionality 
between rim-widtli and crater-diameter. 

Only the first two of the above objec- 
tions can be developed m any detail m 
tliis letter Objection No. 1 is based on 
the fact that were the lunar craters, as 
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Baldwin supposes, the result of meteoi- 
ite impacts on the face of the moon, the 
centers of these craters would constitute 
a set of points distiTbuted at landom 
ovei the lunar surface. It is evident that 
falling meteorites would strike at ran- 
dom on the surface of such celestial 
bodies as the earth and the moon. How- 
evei, in the case of the moon, the distri- 
bution of crater-centers is not at all ran- 
dom. This follows not from the easily 
perceived nonuniformity of the distribu- 
tion m question, as some writers have 
supposed, but from disci epancies exist- 
ing between the obseived distribution of 
the lunar craters and the distribution 
predicted by the theory of probability. 

In 1940 William Scott, one of the 
writer’s students at Ohio State Univer- 
sity, applied the probability theory out- 
lined above to a group of 3,112 typical 
lunar craters, comprising all craters lor 
which satisfactory position data are 
given in M. A. Blagg’s compendious 
woik, Lunar Formations The results ob- 
tained by Scott show that it is extremely 
unlikely that the observed distribution of 
the more than 3,000 lunar craters con- 
sideied is the result of chance. On the 
other hand, the distnbution of a special 
class of lunar ciaters, the so-called ray 
craters, conforms rather closely to the 
theoietical random distribution for this 
class. 

We preface our development of ob- 
jection No 2 by recalling several facts 
once familiar to all selenographers, but 
apparently lost sight of by many m mod- 
ern times. It has long been known that 
most of the large craters on the moon 
have a polygonal rather than a circular 
form, where several neighboiing crateis 
exhibit hexagonal form, it is evident that 
at the time of origin of these craters, 
se\'eral regularly spaced centers of 
lateral pressure were m action simul- 
taneously in the outer shell of the moon. 
Such a dynamical situation is quite in- 
explicable under Baldwin’s meteontic 
hypothesis, but is a necessary conse- 
quence of a new convection- current 
theory of the lunar craters. 

The French astronomer P. Puiseux, 
from his exhaustive study of polygonal 
forms on the moon, was led to the dis- 
covery of a ihomboidal network of dikes 
and nils on the lunar surface, the lines 
of this network often almost coinciding 
with one or more of the edges of crateis 
or ring plains of hexagonal shape. Occa- 
sionally he found a hexagonal crater 
which exactly filled out a mesh of his 
rill system. From a careful examination 
of the interrelations between the rill net 
and the craters, Puiseux came to the con- 
clusion that the net constituted a prima- 
ry, and the hexagonal craters a second- 
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ary, feature of the lunai surface The 
meteoritic impact theoiy of Baldwin 
gives an explanation of neithei the pri- 
maiy nor the secondaiy selenographic 
features discoveied by Puiseux. How- 
ever, the convection-cun ent theoiy of 
the lunar ciaters recently developed by 
the distinguished astiophysicist J. Wa- 
siutynski actually predicts the forma- 
tion on the lunai surface of both Pui- 
seux’s network and the lunar ciaters. 

Basic to the new theory is the work of 
PL Benard and Lord Rayleigh on con- 
vection currents in giavitationally un- 
stable layers of fluid heated on the under 
side. Wasiutynski applied the convec- 
tion-cuiient theory to a stratum of 
liquid basalt below the outermost shell 
of the moon. This explains first the for- 
mation of the “seas’" or maiia (large ex- 
posures of basaltic lock more oi less 
completely cleared of light ovei lying 
granitic material by convection cur- 
rents), second the development of the 
rill systems of Puiseux and third the for- 
mation of closed mountain chains and 
ciaters conforming to the Puiseux net. 

Not to be outdone by proponents of 
the volcanic and meteoiitic theoiies who 
point with conviction to terrestrial ex- 
amples of ciateis originating by the 
favored piocess, Wasiutynski has set 
foith 111 most convincing detail the close 
analogy between ceitain terrestrial fea- 
tuies— the stone and fissuie polygons of 
tlie subpolar regions~and the lunai 
craters. The striking success of the con- 
vection-current theoiy in simply explain- 
ing the lemaikable fields of roughly 
hexagonal stone and fissuie polygons on 
the island of Spitzbergen, foi which doz- 
ens of involved explanations have been 
offered in the last half-century, cannot 
fail to impiess the reader. Wasiutynski 
even seeks to explain the lunar lay 
crateis solely on the basis of convection 
cm rents, but heie, m the writer’s opin- 
ion, too much IS at last expected of the 
convection theoiy. On the one hand, this 
theoiy would not predict a random dis- 
tiabution of the ray ciaters on the moon; 
and, on the othei, Wasiutynski’s expla- 
nation of how ray systems can develop 
on the maiia is in contradiction to his 
earlier explanation of why rills on the 
maria, wheie theie was no granite at the 
top, were almost completely obliterated 
by the inflow of liquid basic magma from 
tlie basalt layer. The discrepancies ]ust 
alluded to and the highly significant fact 
that the gieat majoiity of the ray ciaters 
me situated on the maria (/ e., on those 
undisturbed areas of the moon continu- 
ously exposed for the longest time to 
meteoritic impact) give support to the 
writer’s belief that the lunar ray craters 
are meteorite craters. 
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O ctober 1899. “with the death 
of Bunsen there has passed away 
the last of those great German 
chemists of the middle of the present 
century, chemists who bore the great- 
est part of the work of laying the founda- 
tion of the present science, and through 
whose efforts their fatherland has taken 
the first place in chemistry among the 
nations of the earth. The centur\' began 
with Wohler and Liebig; in, the next 
decade came first Bunsen and then Hof- 
mann and Kolbe and Fresenius; perhaps 
to these we should add Kekule, who fol- 
lowed ten years later. And now the last 
of these giants is gone. Liebig was the 
first to be taken. The last ten years have 
seen the death of Hofmann, Kekule, 
Fresenius, and now, at the close of the 
century, only a few months before the 
hundredth anniversary of Wohler's birth, 
Bunsen is dead." 

'‘Through the enterprise of the New 
Yoik Herald, the public has been made 
acquainted in a very practical way with 
the great advantages which result from 
the use of what is now popularlv known 
as the ‘Marconi system of wireless tele- 
graphy/ The world- wide inteiest which 
is being taken in the present interna- 
tional yacht races renders the instant 
transmission of the progress of the race 
a matter of actual importance, and the 
sawng of a few hours time, which is 
rendered possible by wireless tele- 
graphy, led to the bringing of Mr. hlar- 
coni to this country in order that he 
might report the races from a steamer 
which accompanies the yachts over the 
course. From the steamer the messages 
were sent to New York, where they were 
distributed throughout die world.” 

“In a general way the battery of an 
automobile may be compared with the 
horse. Both may be overworked with 
disastrous results. Both are better off 
when not subjected to sudden starts, and 
both will last longer if not constantly 
pushed to the utmost capacity. Both re- 
new their strength and usefulness after 
a reasonable rest; and last, but not least, 
both require when ill the care of an ex- 
pert— the horse the veterinary surgeon, 
and the battery the skilled electrician ” 

“For the protection of the public, we 
wish to enter an earnest protest against 
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the commercial exploitation of compara- 
tively untried inventions of which so 
much IS going on in various parts of the 
coiintiy. The most flagrant examples of 
this sort of thing are to be found in the 
starting of companies and the selling of 
stock for the promotion of liquid air 
schemes. We do not say that any of 
these are deliberate attempts to obtain 
money falsely, but we do say that the 
natui-e of the liquid air apparatus, 
whether it be in the form of motor, re- 
frigerator, explosive or what not, the 
absence of any demonstrated facts to 
establish its value, render it our duty 
to warn the readers of the Scientific 
American against investing their money 
m enterprises which exist only m the 
imagination of their promoteis.” 

“The Holland submarine torpedo boat 
made another excellent run on October 
6, m little Peconic Bay. A German naval 
constructor who is visiting the United 
States was on board the submarine boat. 
He was favorably impressed with the 
mechanism of the vessel and was pleased 
with her performance. He was of the 
opinion that in the hands of competent 
men the boat would prove a formidable 
weapon ” 

“One great reason for the popularity 
of the automobile is that it can be more 
readily managed by women than horse- 
drawn vehicles, hfany women object to 
driving horses on account of their liabil- 
ity to shy or bolt. The automobile offers 
remarkable advantages in their respect, 
but no lady should try running an auto- 
mobile until she thoroughly understands 
the mechanism.” 


O CTOBER 1849. “The subject of a 
Raiboad to the Pacific is now en- 
gaging much of the public atten- 
tion. That a railroad from the United 
States to the future states of the Pacific, 
will have to be built at no distant day, 
no one doubts, but the way to do this, 
and the most proper routes to be 
adopted, are subjects which will require 
no small amount of reflection. We take 
no part in the discussion of this or that 
scheme to build an Atlantic-Pacific Rail- 
road. We beheve that the times are not, 
yet ripe for its constructionf ^ 

“The Cleveland Plain Dealer^ of Oct, 
5, has a letter announcing the arrival of 
Sir John Richardson, from the fruitless 
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search after the lost Polar expedition of 
Sir John Franklin, of whose dreadful fate 
among the ices of the Arctic Ocean, there 
IS left little or no room to doubt. Sir John 
Richardson having failed to find even 
the remotest clue to the Fianklin Ex- 
pedition is now on his way back to Eng- 
land. He speaks confidently of the exis- 
tence of a noithern passage, practicabil- 
ity, he says, is another question, the 
summers being only from 38 to 60 days ' 
long.” 

“A system of meteorological observa- 
tions will soon be commenced under the 
supervision of Prof. Henry, of the Smith- 
sonian Institute, who was here a few 
weeks ago about the instruments.” 

“Oregon is the greatest lumber coun- 
tiy in the world. Around one mill, with- 
in a circle of three miles, stands timber 
enough to last a hundred years, the mill 
all the time cutting 6,000 feet a day.” 

“The London Medical Gazette states 
that a most important discovery has just 
been made known by certain Doctors 
Snow, Budd and Brittan, and other cele- 
brated physicians, respecting the 
cholera. They have prepared a very long 
report, which will soon be published, m 
which they show that the cause of 
malignant cholera is ‘a living organism 
of distinct species/ Dr. Budd procured 
water from different parts of London, 
and detected organisms in great numbers 
in every specimen of drinking water. He 
states, in a long letter to the London 
T imes, that this organism is of the fungus 
tribe, and is taken, by the act of swallow- 
ing, into the intestinal canal, and theie 
becomes ‘infinitely multiplied by the self- 
propagation which is characteristic of 
living beings.' The pressure and propa- 
gation of these organisms, and the action 
they exert, are the cause of the peculiar 
flux which is characteristic of malignant 
cholera. These organisms are dissemin- 
ated in the air, in the shape of impalpable 
particles, in contact with articles of food, 
and principally in the drinking water of 
infected places. The evidence on which 
these conclusions are founded, has been 
placed in the hands of the President of 
the College of Physicians/' 

“Mr. E, Brown, of Preston, Eng., has 
discovered a mode of reducing hydrogen 
gas to a liquid. A paper on die subject 
is soon to be presented to the Royal 
Society/' 
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As this cableman luns his pickup coil 
along the cable, his ear tells him when 
he has hit the exact spot where unseen 
trouble is interfering with somebody’s 
telephone service. 

Trouble develops when water enters 
a cable sheath cracked perhaps by a 
bullet or a flying stone. With insula- 
tion damaged, currents stray from one 
wire to another or to the sheath. At the 
telephone office, electrical tests on the 
faulty wiies tell a repairman approxi- 
mately where to look for the damage. 

A special ‘‘tracer” current, sent over 
the faulty wires, generates a magnetic 
field. Held against the sheath, an ex- 
ploring coil picks up the distinctive 
tiacer signal and sends it through an 
amplifier on the man’s belt to head- 
phones. A change in signal strength 
along the cable tells the exact location 
of the “fault.” 

Compact, light, simple to use, this 
test set makes it easier for repairmen 
to keep your line in order. It is another 
example of how Bell Laboratories re- 
search helps make Bell Telephone serv- 
ice the most depeiadable in the world. 
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Critical focus on larger area than 
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THE COVER 

This month's cover painting is a great- 
ly enlarged portrait of Drosophila 
melanogaster, the Iruit fly, whose 
heredity has been more intensively 
studied than that of any other organ- 
ism. The object projecting into the 
pictuie from the upper left is a needle 
with which the fly is manipulated un- 
der a low-power microscope. Because 
of the ease and rapidity with which it 
can be bred in the laboratory, Dro- 
sophila has been a favorite with ge- 
neticists since the pioneer work of 
Thomas Hunt Morgan. The Univer- 
sity of California's Richard B, Gold- 
schmidt and others have found that 
a great many variant forms of Droso- 
phila can be produced by applying 
to the young pupa different types of 
sublethal shock such as radiation, ex- 
tieme temperatiiies or treatment with 
certain chemicals {see page 46). 
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What GENERAL ELECTRIC People Are Saying 


H. C. POLLOCK 

Research Laboratory 

ATOM SMASHERS: The electrical 
constitution of mailer has become 
understood only since the turn of 
the century. The fact that the prin* 
cipal constituent of matter, the 
atom, is made up of a central posi- 
tive core, the nucleus, which is sur- 
rounded by negatively charged elec- 
trons became accepted after 1911 
from the work of Rutherford. Since 
that time the most important de- 
tails of atomic structure have he(;n 
fairly well worked out. During re- 
cent years the physicist has shifted 
his attention to the nucleus, the 
center of the atom. What keeps the 
protons and neutrons together de- 
spite the enormous repulsive forces 
between the protons? To answer 
this and similar questions, it is very 
useful to have beams of very highly 
accelerated projectiles with which 
to bombard the nucleus, to study 
scattering, to cause disintegrations, 
and to produce new particles in the 
field of the nucleus. The projectile 
particles arc electrons, protons, 
deuterons, and alpha particles. The 
elfort to impart to these particles 
very high energies, corresponding to 
a drop through electric fields of mil- 
lions of volts, has led to great engi- 
neering progress in the design of 
accelerating machines . . . 

When the interest is in obtaining 
one-hundred-million-volt particles 
— and so on up — ^then it is necessary 
to use new principles . . . Machines 
are now being built in which the 
elementary particles can obtain 
energies corresponding to millions 
or even billions of volts without any 
such formidable potentials being 
present in the machine. Such ma- 
chines arc the cyclotron, the beta- 
tron, the synchrotron, the synchro- 
cyclotron, and the linear accel- 
erator . . . 

Perhaps the most exciting dis- 
covery in recent months with the 
large accelerators ... is that they 
can knock out of the nucleus par- 
ticles named mesons, hitherto found 
only in cosmic radiation. The whole 
of our knowledge, or rather igno- 
rance, of mesons and their properties 
is in a very rapid state of flux. Ap- 
parently there are several kinds of 
mesons and they may be charged 
positively, negatively, or perhaps 


not at all. There are heavy mesons 
. . . and there are light mesons . . . 
With the very high-energy acceler- 
ators one can knock the heavv 
mesons out of all kinds of nuclei. 
The heavy negative mesons are very 
apt then to cause further nuclear 
disintegrations . . . The heavy posi- 
tive mesons tend to decay into light 
mesons. The light mesons again 
decay quickly, emitting an electron 

It is only natural to look beyond 
the present huge machines and to 
extend their principles to the limit. 
In England a proton accelerator for 
1.3 billion electron-volts is well 
along toward completion. At Brook- 
haven a 3 billion electron-volt ma- 
chine has been started. And in 
California at Berkeley there will be 
a 6 billion electron-volt machine. 
The completion of these machines 
in the next five to ten years may lead 
to even more dramatic discoveries 
about the nucleus or the nuclear 
particles. 

University of Virginia, 
April 25, 1919 

★ 

MATTHEW LUCKIESII 
A. H. TAYLOR 
THOMAS KNOWLES 

Lamp Research Laboratory 

AIR DISINFECTION: The oldest 
and commonest method of reducing 
the bacterial content of air in occu- 
pied rooms is by ventilation, which 
replaces contaminated room air by 
filtered or outdoor air. While this 
might reasonably be expected to 
reduce the concentration of air- 
borne organisms by dilution, Yaglou 
and Wilson found that a high-ve- 
locity air stream Avhich stirred up 
the floor dust actually increased the 
bacterial content of the air with in- 
creasing numbers of air changes per 
hour. Furthermore, there is a prac- 
tical limit to the frequency of air 


changes because of the creation of 
drafts which add to the discomfort 
of the room occupants. In the cooler 
rlimatefi, the economic aspect of in- 
creased air changes cannot be ig- 
nored. 

Another method of air disinfec- 
tion is the use of aerosols which arc 
added to the room air by suitable 
vaporizing apparatus. 

The third method, which is the 
principal subject of . . . our re- 
searches for many years, is the use 
of short-wave ultraviolet energy 
radiated by so-called germicidal 
lamps. These lamps are very effi- 
cient sources of X2537 energy, which 
is in the spectral region of maximum 
germicidal eifectiveness. Since this 
ultraviolet energy can produce con- 
junctivitis and erythema if the eyes 
and skin are exposed to it for a 
sufficient period, special fixtures and 
installations have been developed 
for these lamps. The fixtures, em- 
ploying reflectors of suitable ma- 
terial, are usually mounted on the 
walls to project the germicidal 
energy across the room above eye- 
level. Most oil paints reflect less 
than 10 per cent of this energy, 
hence relatively little is reflected by 
ceiling and walls into the loAver occu- 
pied part of the room. It has been 
found that this method is safe and 
effective . . . 

A single 30-Avatt germicidal lamp 
in a suitable fixture consumes ap- 
proximately 40 Av^atts in lamp and 
auxiliary. Extensive data indicate 
that, for occupied rooms, one of 
these units is sufficient for a floor 
area of approximately 200 to 300 
square feet if properly designed and 
installed. The cost of operating such 
a fixture eight hours daily, including 
lamp renewal and reasonable amor- 
tization of the original cost, is of the 
order of one dollar a month at the 
present time. 

General Electric RevieuK 
August, 1949 
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Distillation products, inc. 

Subsidiary of Eastman Kodak Company 
751 RIDGE ROAD WEST, ROCHESTER 13, N. Y. 


SURi, BUT MOLECULES IN HIGH 
VACUUM DON’T MARCH ABREAST- 
THEY JUST WANDER 


A HIGH VACUUM diffusion pump doesn’t suck. 

It’s just a scheme that makes it easier for 
molecules to wander out of a system than to 
wander in. Since they get out only by random 
wandering, valves for some high vacuum jobs get 
to be as big as the 32-incher on the left in order 
not to hinder the drift of the molecules. 

Wonderful things can come true once enough 
molecules have drifted out. 

With few air molecules to bump into, other 
molecules can be shot quickly and cheaply onto a 
piece of plastic to make a beautiful belt buckle or 
onto a piece of glass to make a sharp-cutting opti- 
cal interference filter. 

A synchro-cyclotron can whirl protons around 
a quarter-million times in a few thousandths of a 
second to give physicists new information about 
mesons. 

Plasticizers that don’t evaporate out of the 
plastics they’re put into are themselves prepared 
by flash distillation at high temperatures from 
crude mixtures. 

Metals get rid of tenacious gases that degrade 
their mechanical and electrical properties. Other 
metals that were laboratory curiosities become en- 
gineering materials because they can be kept out 
of chemical combination at a critical stage of 
refining. 

Your high vacuum problem may be quite differ- 
ent. Why not find out what DPI experience and 
equipment can do with it? Write 
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In the days when cattle- 
men drove their stock 
across the unfenced 
‘prairie to the railhead, 
it was common practice 
among the least scrupu- 
lous to feed the cattle 
plenty of salt before they 
IV ere offered for sale. 
When they ivere allowed 
to drink the^rfill, the 
gain in 'weight was the 
buyer^s loss. Hence the 
term *‘watered stock” 
sensationalized in eaidy 
days of corporation reve- 
lations and regulations. 
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Print from 
Bettman 
Archive 


re you selling "WATERED STOCK?" 



WATER is just about oirr commonest 
material. In many places it is indispen- 
sable; in some places it is beautiful; but 
in others it contributes nothing but ex- 
tra weight and the risk of depreciation. 
To send a six-ounce orange North from 
Florida freight must be paid on over 
five ounces of water which the North 
has in abundance — and then it must be 
eaten quickly before it rots. 

BLOOD PLASMA 

When World War II darkened the hori- 
zon Army doctors looked beyond the 
outright slaughter to the millions of 
wounded who might die in the field. 
Blood transfusion could save many but 
in a remote, devastated theater of war it 
was unthinkable — unless blood col- 
lected from a healthy population could 
be reduced, preserved, transported and 
reconstituted. To make this possible 
National Research Corporation took low 
temperature, high vacuum dehydration 
from the laboratory and developed it to 
the level of mass production. 


PENICILLIN 

Faced with an urgent wartime need for a 
universal antiseptic the English recalled 
the experience of Alexander Fleming 
with the blue- green mold, Penicillium 
Notatum. Under pressure the wonder 
I antibiotic was accumulated — enough 
for a mouse, enough for a man, enough 
for twenty men — and then, grown by 
'‘kitchen culture'^ in millions of milk 
bottles, enough for an army. Again there 
was need for dehydration without heat 
damage and National Researches high 
vacuum process now installed in sub- 
stantially all of the larger plants through- 
out the world, turned penicillm into 
powder at a rate to supply the world. 

ORANGE JUICE 

B During the war we experi- 
mented with the dehydration 
of many common foods; meat, 
fish, vegetables, fruits, coffee. Of these 
orange juice was the most promising 
with a nationwide market ready and a 
world market waiting. We had produced 
citrus concentrate and powder on a pilot 
plant scale. Near the war’s end we or- 
ganized Vacuum Foods Corporation. 
For them we built and equipped a plant 
in Florida that now concentrates, for the 
national market, 75,000 gallons of jmce 
a day. 

This new industry, producing some 
4}^ million cans in the 1946-47 season 


is expected to reach an annual produc- 
tion rate of 200 million in 1949. Within 
five years it is predicted that one-fourth 
of all Florida’s oranges will reach their 
market as concentrated juice. In this in- 
dustry Vacuum Foods is the pioneer and 
leader. 

COFFEE 

The success story of orange 
juice will, we hope, be rewritten 
for coffee. For over a year we 
have been producing in small 
quantity a “crystalline coffee” — 
coffee essence, nothing more and nothing 
less. This small production is being mar- 
ket-tested through the local retail trade 
and a steadily increasing number of 
users have found out that coffee can be 
reduced to an instantly soluble concen- 
trate, and still taste hke good coffee. 

WHAT NEXT 

To anyone who is selling “watered 
stock,” not with guile but from necessity, 
National Research can offer a new pros- 
pect — lower cost methods of producing 
dry materials with instantaneously solu- 
ble structure. To apply our proven tech- 
niques of high vacuum dehydration Na- 
tional Research Corporation stands ready 
with a carefully chosen, experienced 
staff, with the newest equipment and 
with an accumulated knowledge of large 
scale low temperature dehydration that 
cannot be equalled anywhere. 
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VISIT TO DUBUN 


lu which a noted theoretical physicist calls upon 
the remarkable little group of eminent scientists 
at Ireland’s exotic Institute for Advanced Studies 


B y my watch, the plane landed at 
noon. A hostess with led hair and 
gi een eyes, in a shamrock- gieen nmform, 
announced in a sweet lush brogue. "‘You 
aie in Shannon, Ii eland. It is now 4.55 
p.m, local time. All passengers aie re- 
cfuested to leave.” 

My fiist contact with Em ope after 13 
years looked good to me. The immigra- 
tion officer at the an port asked why I 
had come to Ii eland I told him I had 
been invited to lectme at Dublin's Insti- 
tute foi Advanced Studies, At once the 
officer became veiy friendly and began 
to talk about the Institute I was in a 
countiy where the title of Professoi is a 
badge of honor, not of failuie. Even 
the customs officeis weie helplul. I had 
been warned that they weie teirors, that 
they minutely examine one piece of lug- 
gage after anothei, especially anxious to 
discover nylon stockings. I found them 
like all Irishmen* they love to philoso- 
phize and they aie never m a burry It 
is a country wheie leisure as well as 
scholaiship is appieciated. 

Outside the splendid Shannon airport 
a rickety, almost disintegrating bus was 
waiting. It had a conductor, clriver and 
two passengers. They all fell into a long 
discussion for my benefit about the rela- 
tive merits of the town’s two hotels. 
Since they could not agiee among them- 
selves, I decided for the nearest- It had a 
wonderful garden and the air smelled 
of spring and flowers. (I wish someone 
would explain why the smell of the Eu- 
lopean air is so different from the Ameri- 
can; I have never heaid a hypothesis to 
account for this phenomenon of natime, 
but everyone who has visited both con- 
tinents agrees that it is a fact.) 

Next morning I was on my way to 
Dublin by a train that was a cross be- 


by Leopold Infeld 

tween a U S. sh'eamlmer and my son's 
toy. At Dublin my fiiend, Professor John 
Lighton Synge, met me at the station. He 
once taught at the Umveisity of Toronto, " 
where for yeais we disagieed about al- 
most eveiy subject we discussed, and en- 
joyed it immensely. Last year he chose 
to letiiin to his native Ii eland from 
America, where he was lightly esteemed 
as a distinguished applied mathemati- 
cian, when he was ofleied a senior pro- 



CLASSICAL ENTRANCE is inside 
the School of Cosmic Physics, housed 
in one of Institute’s two buildings. 


fessoiship at the Institute foi Advanced 
Studies 

Dublin, upon which I was setting eyes 
foi the first time, looked to me just as 
I had expected it to, only more so. I was 
starved foi an old town, foi aged scen- 
ery. I found Dublin enchanting. Its 
buildings aie simple and austere, against 
this serious ai*chitectmal background the 
Dubliners appear doubly gay and vivid. 

I experienced the long-missed pleasure 
of walking through sti'eets chaiged with 
long and violent memories. 

On opposite sides of Merrion Squai*e 
stand the two bmldmgs of the Institute, 
one the School of Theoretical Physics, 
the other the School of Cosmic Physics. 
Each School has three senior professors; 
those in the School of Theoretical Phys- 
sics, in order of seniority, are: Erwm 
Schiodinger, Walter Heitler and Synge. 
The Institute, which draws students 
from all parts of the eaith, has put the 
name of Ireland on the world map of 
scientific achievement. Yet its influence 
upon its own countr\s upon Irish intel- 
lectual life and universities, is small. In 
its cloisteied isolation the Institute is a 
miniature of Ireland itself, whose prob- 
lems and fights as a nation are not those 
of the rest of the world. 

I was tense because of my approach- 
ing lecture. I had not often spoken to 
such a distinguished audience as I was 
about to face. The subject I had chosen 
was a highly speciahzed one* some re- 
cent work on the general theoiy of rela- 
tivity which I had done with Albert 
Einstein. It dealt with a problem that 
we had first tackled 12 years ago but 
had been solved only jn the last few 
months. 

The problem has to do witli the mo- 
tions of double stars (see page 42). 

I V: 




PRINCIPAL OCCUPANTS of the Institute are shown in applying the qiiantiini ihcory to clH‘ini-ti). Second 

in this group poi trait. At the far right is author Infeld. from the left is John Lighton Synge, a noted applied 

At the far left is Walter Heitler. best known for his work mathematician. Third is Erwin Sc‘hiodun>ei\ originator 


Imagine two stars of comparable mass 
moving around each otlier in space We 
have no direct, precise observations to 
guide us as to the relative motions in 
such a system, for in our own solar sys- 
tem the masses of the revolving planets 
are small compared witli that of the sun. 
The motions of double stars have been 
worked out theoretically on the basis of 
classical Newtonian mechanics. But 
what is the answer of relativity theory^ 
which describes the phenomena of gravi- 
tation better, more deeply and with 
greater logical simplicity’ than does clas- 
sical theory? Paradoxically, the ver\ fact 
that the general relativity’ theory is logi- 
cally smipler makes the problem of de- 
ducing the law’s of motion much more 
difficult in relativity theory than in New- 
tonian theory. The reason is that in 
relativity theory w'e assume much less 
than m classical mechanics, consequent- 
ly we must deduce much more. It is this 
task of deducing laws of motion from the 
laws of the gravitational field that has 
proved to be difi^cult. 

We believe, however, that we have 
now denh’ed con'ectly the laws of mo- 
tion of a double stiir, and that we know 


how the true motions differ from those 
predicted by the old Newtonian laws 
And W'C believe, too, that the laws can- 
not be refined much beyond the foim in 
which we have deduced them. 

I T would be difficult to imagine any 
place in the world where a better 
audience for such a lecture could be 
found than at the Dublin Institute The 
often-heard saying that only 12 people 
understand relativity theory is utterly 
stupid. Eveiy modem theoretical phys- 
icist undei stands it. But it is true that 
lelativity theoiy is not today the center 
of interest among theoretical physicists; 
the focus of modern research is nuclear 
theory and quantum electi’odynamics. 
Few physicists m lecent years have done 
any creative work in relativity. But 
among those few are two of the three 
senior piofessors at Dublin— Schrbdinger 
and Synge. These men are justly recog- 
nized as two of the best specialists in 
this fielch 

When I presented myself at the simple 
but dignified offices of the Institute on 
the morning of the lecture, I learned 
that Eamon de Valera had just tele- 


phoned that he intended to come to it. A 
few minutes befoie my lecture I met 
de Valeia in Synge’s office. His face looks 
even more ascetic than in bis photo- 
graphs, and the impression of strength 
thiough asceticism was heightened by 
a dark suit and tie (I was told that be 
always dresses in black. ) In private con- 
versation he speaks softly He did not 
appear at all out of place in the calm 
suiioundings of the Institute, he could 
easily have been mistaken foi one of the 
senior professors, except for the fact that 
he conducted himself in its halls with 
the subdued awe that most people le- 
scive for church. Indeed, be is very 
proud of the Institute, it was his idea 
and bis creation. Now that he is only the 
leader of the opposition in Ireland, the 
Institute remains, along with tlie inde- 
pendence of his country, as one of tlie 
few deeds of his life tliat the government 
cannot change. 

We went together to the small lecture 
room, and I found with great pleasure 
that the room was crowded. (Like most 
lecturers, I do not much care whether 
the audience is small or large, as long as 
the lecture room is filled.) It was espe- 
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j of wave mechanics and author of the famous book 

I What Is Life? Fourth is L. Janossy, an outstanding inves- 

I tigator of cosmic rays. Not shown is L. W. Poliak, a dis- 


tinguished meteorologist and director of School of Cos- 
mic Physics. All these men with exception of Poliak 
and Janossy work in the School of Theoretical Physics, 


cially pleasing to have a vivid one-hour 
discussion later, and an hour's discussion 
again the next day. My distinguished 
audience helped me m the undei stand- 
ing of my own lecture. 

I was especially happy that my stay 
m Dublin gave me the oppoitunity to 
talk with Schrodinger and Heitlei. 
Schrodinger, a Viennese brought up in 
the great tradition of the Austrian 
physicist Ludwig Boltzmann, is known 
as the oiiginator of wave mechanics. His 
name is linked with those of Germany’s 
Werner Heisenberg and Great Britain’s 
P. A. M. Dirac; the trio were jointly 
awarded the Nobel prize in 1933 as the 
creators oi quantum mechanics Dirac 
and Heisenberg were younger than 
Schrodinger when they wrote their gieat 
papers. They are now in their late 40s, 
Scln-odinger in his early 60s. Theoretical 
physics, more than most sciences, is a 
young mans game; the gieatest achieve- 
ments in it usually come while the imagi- 
nation IS still youthful and unfettered. 
Schrodinger has done much first-class 
woik since 1928, but none of at of such 
a revolutionary character as that m the 
years 1925-28. The same thing can be 


said, though perhaps to a lesser degiee, 
about Heisenberg and Dirac. 

S CHRODINGER is not only a gieat 
scientist, he is a most inteiesting and 
ch aiming man— intelligent, witty, eru- 
dite. He admires Spinoza and good liteia- 
lure, and is himself an excellent writer, 
I saw him for the first time when he lec- 
tured, with spirit and artistiy, in the 
Berlin of 1928. He was then at the peak 
of his fame, he occupied Max Planck’s 
chair in theoietical physics, the gieatest 
scientific honoi in Gennany. I saw him 
again in 1934 in Cambridge, England, 
when, on a Rockefeller Fellowship, I 
was working on the unitary field theoiy 
with Max Bom, who had just left Nazi 
Germany. On Schrodinger’s invitation, I 
went to visit him at Oxford and spent a 
delightful evening in his home. He was 
inteiested in the unitary field theory, and 
wrote an important, original paper on 
the subject. The distinctive mark of 
Schrodinger’s genius has always been tlie 
originality of his thinking, his self-con- 
fidence and disregard for tradition. He 
showed a lack of political judgment, 
however, when he left Oxford to return 


to Austa*ia m 1936. He escaped, aftei 
Hitler entered Vienna, only by a dra- 
matic flight to Switzerland Fiom there 
he went to Dublin on de Valera’s invi- 
tation to become the first professor at tlic 
Institute for Advanced Studies 

The Dublin Institute arianges public 
lectures from time to time In 1943, 
Schiodinger gave a series of colorful 
lectures which appealed five years later 
in book form under the title: What Is 
Life? Startling titles must disappoint 
anyone who looks in books for an answer 
to unanswerable questions. Schrodinger’s 
book is not an exception to this rule. It 
deals vividly and intelligently, howevei, 
with questions that he on the borderline 
between physics and biology— a field 
which many people believe will form 
the center of futuie reseaich. Schrodin- 
ger says. . . living matter, while not 
eluding tire laws of physics’ as estab- 
lished up to date, is likely to involve 
'other laws of physics’ hitherto unknown, 
which, however, once they have been 
revealed, will form just as integral a part 
of this science as the former. . . .” 

Schi'bdinger points out tliat the archi- 
tecture of a gene, that is, the manner in 
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winch atoms aie put together to create 
the big molecules that form a living 
organism, is today unknown. It is, as 
the science winters love to say, a mys- 
tery— a woid which curiously is most 
often used in the popularization of that 
most rational subject, physics. In con- 
trast to a crystal, which lepresents a 
design that repeats itself, the big mole- 
cules that form the Imng organism are 
like an aitistically woven tapestry, it is 
the design of the entiie tapestiy that 
matteis, not the mere repetition of a 
theme 

At the molecular level in physics dis- 
ordei and chaos reign. In the macroscopic 
world of our measurements— the world 
of pendula, steam engines, electric cur- 
rents— all is order. Gas obeys the laws 
that have been confirmed by our meas- 
urements because it is composed of a tre- 
mendous number of molecules, and the 
laws are based on averages. Order 
emerges in our macrophysical world 
from the disorder in the microphysical 
world through the laws of statistics ap- 
plied to many disorderly individuals But 
these laws collapse and become mean- 
ingless if there are only a few molecules 
in the gas container. Only when it be- 
comes colder and colder, when the tem- 
perature approaches absolute zero, only 
then does order reign among tlie mole- 
cules. It is the order of death; molecules 
that do not move cannot be disorderly. 

Yet the living process somehow defies 
the rules; it oigamzes a gi*oup of mole- 
* cules into a high degree of order, A big 
molecule, a single gi'oup of atoms, pro- 
duces orderly events. It multiplies itself, 
forming an organism that lives. Even in 
a complicated organism, the number of 
such molecules is amazingly small. One 
cubic inch of air contains a million times 
more molecules than a gi'owm-up mam- 
mal. The mechanism that governs an 
organism which is composed of not too 
great a number of molecules is not tlie 
statistical probability mechanism of or- 
dinary physics. We shall understand the 
laws of h\dng organisms only when we 
understand the transition order-from- 
oider which seems to reign m biology, 
just as the transition order-from-disorder 
reigns in physics. 

Schrodinger s book is not easy; it deals 
with difficult problems which will chal- 
lenge science for a long time to come. 
The fact that his lectures were attended 
by overflowing audiences speaks well 
for the DubHners. 

In Dublin everyone had time to talk; 
no one rushed. We could and did discuss 
everything and nothing. And indeed it 
was a great relief to be back in a part of 
the world that appreciates leisure- Eu- 
rope is a hzy man’s world, which has its 
advantages. I learned in North America 
ho\y not to be la2y— and received ulcers 
as a reward- 

On the last day of my stay in Dublin, 
I visited the Institute’s School of Cosmic 


Physics. Its director, L. W. Poliak, is a 
famous meteorologist. He is small, 
plumpish, bald and vivacious, and he 
talks with the ease of those who have 
shaipened theii tongues in Continental 
cafes. He showed me a neatly furnished 
drawing room which he maintains as a 
slii'ine, from this lOom de Valera directed 
the 1916 revolt. Poliak was a piofessor 
at the German university in Prague in 
the 1930s, but had the foresight to leave 
that city just befoie Hitler entered it. 
As early as 1926, lie had had the idea of 
mtioducmg a punched-card system into 
geophysics in general and climatology 
in particular. He organized a climatologi- 
cal netwoik m Czechoslovakia. His 
punched cards were sorted and tabu- 
lated by machines m Prague’s statistical 
office. This system has now been 
adopted all over the world. And his 
dream suggestion foi the creation of a 
world weather office is now a leality. 
The U. S. Weather Bureau in Washing- 
ton has more than 70 million punched 
cards of all meteorological elements fiom 
eveiy place in the world where observa- 
tions are made. The Buieaii’s machines 
quickly digest experiences and store up 
information. Thus they help to predict 
the meteorological future by analysis of 
the past. A book by Poliak and V. Con- 
rad, giving an account of this wartime 
development, is to be published by the 
Harvaid University Press this fall 

The Dublin Institute School of Cosmic 
Physics owes its existence to a short 
memoiandnm that Poliak submitted to 
de Valera on St. Patidck’s Day, 1943. 
Like other professors of the Institute, 
Poliak speaks of de Valera with great 
admiration. All of them feel that de 
Valera caied about science and scholar- 
ship in Leland. 

I TALKED with another senior pro- 
fessor at the School of Cosmic Physics 
—the cosmic-ray investigator L janossy. 
A Hungaiian, with untidy black hair and 
tense face, he is the youngest peimanent 
member of the Institute. Recently his 
large volume on cosmic radiation ap- 
peared; he complained ruefully that it 
was akeady antiquated. So rapid is the 
ad\Mncement m this branch of science 
that a book cannot remain modern dur- 
ing the usual time-inteiwal between 
writing and printing. Indeed, the field 
of cosmic rays is the most fluid field of 
physics, and every issue of the physics 
journals brings important contiibutions, 
new experimental results, new specula- 
tions about the origin of these rays. This 
is one of the subjects that has changed 
our picture of tlie elementary bricks of 
matter, and we are trying now to imi- 
tate the laboratory of our universe by 
building apparatus that will produce 
particles \\4th energies of the same order 
as those observed in cosmic rays. 

Jdnossy had come to Dublin from 
Manchester University, one of the veiy 


best places foi work on cosmic lays. 
When I latei went to England and 
visited Manchester, the physicist P. M. S 
Blackett showed me its equipment and 
talked about some ol the pioblems being 
investigated in cosmic radiation. Janossy 
and his collaboi atoi s had investigated 
especially the so-called penetrating 
showeis oi mesons cieated by cosmic 
rays. The problem of the penetrating 
sboweis has also been treated tbeoieti- 
cally by Pleitlei and his gioup at the 
Institute. It is an inteiestmg example of 
successlul collaboi ation between theoiy 
and experiment. 

How aie these mesons produced? One 
can simplify the piesent pictuie as fol- 
lows The father ol the mesons is a 
heavy, fast-moving neutron oi pioton, 
winging towaid the eailh from outer 
space. The mothei is the nucleus of an 
atom in the atmosphere with which the 
father collides. The mother itself con- 
sists of many protons and neutions. 
Therefore the last father suffeis (oi 
rather enjoys) many independent colli- 
sions inside the nucleus. We may im- 
prove the comparison by saying that the 
last particle is like a father lunning 
quickly thiough a harem. The mesons 
are the offspring of these activities. This 
general pictuie, I was told by Janossy, 
IS strongly confirmed by photographs 
from Manchester and die University of 
Bristol. 

Aftei my talk with Janossy and 
Pleitlei, I came back to the Theoietical 
Physics Building. Prolessor Synge ar- 
ranged an additional hour of discussion 
on my lectuie. I was pleased to see— it 
was Saturday mormng— that many of 
my listeners had returned, and again I 
profited much from the spirited remarks 
of Schrodinger, Heitler and Synge. In- 
deed, the discussion became so en- 
grossing that I almost missed my plane 
to London. 

As I left Ireland, I felt strongly how 
easily one can become attached to this 
small and beautiful countiy. I believe 
also I understood the reasons for it. Ire- 
land is untouched by wai or fears of wai . 
The rest of the world seems far away 
from Dublin. It is this isolation, besides 
the beauty of the place and the charm 
of the Irish, that enchants a visitor. 
There is an inner desire in many sci- 
entists for such a refuge. Every scholar 
longs to be in a place like Oxford, Cam- 
bridge or Dublin which seems to be 
outside the world of tiivial realities. In 
isolated Ireland, the Dublin Institute for 
Advanced Studies with its scholars, most 
of diem fugitives from oppression, seems 
to be the most peaceful spot on earth. 
Can its isolation last for long^ 


Leopold Inf eld is professor of ap- 
plied mathematics at the University 
of Toronto and author, with Albert 
Einsteini of The Evolution of Physics. 
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DUNSINK OBSERVATORY, at Dunsink in Dublin inic Physics. The dome at the right houses a refractor. 
County, is tlie astronomical section of the School of Cos- Atop main building at left is a smaller telescope- 






$ -1 


„ 


, I 




ni^ teaaSL..-, ’ 


SCHOOL OF THEORETICAL PHYSICS stands on ing of the School of Cosmic Physics. From the latter 
Dublin’s Merrion Square. Across the square is the build- building Eamon de Valera directed the revolt of 1916. 
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GRAND CYCLE of life in the sea tegins with pliotosyn- 
thetic phytoplankton {upper left). These are eaten by 
zooplankton and other creatures, which in ttirn are eaten 


by a chain of carnivorous fishes. Decaying biological 
matter sinks to the bottom, where it is eaten by bottom 
animals and bacteria. Nitrates and phosphates then rise. 
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N o one needs to be told that there 
IS a great deal ol lil'e in the sea 
Sweep the shallows with a fish 
net, exploic the deeps in a diving bell, 
dip up but a cupful of ocean and ex- 
amine it under the micioscope— at eveiy 
level the watery world swaims with a 
rich and vaiied population. But only le- 
centlv have we land-inhabitants begun 
to get a conception of just how vast, in 
numbeis and bulk, this population is 
Even 0111 hagmentaiy cffoits to take a 
census of it indicate that the lite of the 
sea actually sui passes that of the land. 
Add up the staggeiing total ol the an- 
nual inciease of living inattei on fcDci 
/ir?7u/— grass, ciops, forests, jungles, bac- 
teiia, fungi, insects, snakes, snails, ele- 
phants, cattle, mice, men— all this is less 
than the annual oiganic pioduction of 
the eai th's oceans 

Heie IS a stoiehouse of potential food 
to Startle the imagination. Man has 
hitherto taken his food almost entnely 
from the land; less than one per cent of 
what he eats comes from the sea We 
would like to believe that in the im- 
mense, newly exploied organic resouices 
of the oceans lies at least pait of the solu- 
tion to the world’s mcieasmgly acute 
food pioblem. Lately we have heard 
some higlily hopelul pioposals and pre- 
dictions— that “fanning” of the sea by 
the use ol feitihzei may multiply its 
yield ol fish and shellfish; that even the 
sea’s micioscopic plant and animal file 
may be conveiled into lood lor man. 

The tiuth is that no one at this mo- 
ment can accuiatcly assess the potential 
maiine food resouices. Laige areas of 
the oceans aie still relatively unexplored 
Irom the biological point of view And 
the evidence as to the possibility of in- 
creasing our harvest from the sea is con- 
fusing, to say the least. A lecent inter- 
national confeience of fisheries expeits 
called attention to the fact that increased 
fishing effort on the major fishing 
grounds of the Noith Atlantic had not 
mci eased the catch; indeed, some biolo- 
gists believe that these grounds are now 
being ovei fished. Aside from these 
strictly oceanographic considerations, 
there aie technological problems and 
unpiedictable economic factors that will 
have an important bearing on how much 
food we can feasibly get from the oceans. 
Yet with all these cautious leseivations 
we aie justified m taking a hopeful atti- 
tude toward the possibilities. 

T he basic cycle of life is the same in 
the sea as on land. The hierarchy of 
life in the marine woild, like that m the 
terrestrial world, is founded on green 
plants. They alone have the ability to 
convert inorganic mateiials into living 
substance, and directly oi indirectly they 
suppoit the whole animal population. 
This system by which oiganic mattei is 
cieated by the photosynthesis of green 
plants, consumed and bioken down by 


animals and lecieated by plants is essen- 
tial to the continued existence of any 
population, on land oi m the sea. 

At the base of the oceanic hieiaichv 
is a vast mass of oiganisms so tinv that 
they aie individually invisible, hloie 
than 99 per cent of the maiine plants are 
micioscopic, one-celled algae which 
have a piecanous and nomadic existence. 
They are suspended in the surface wateis 
of the sea and drift idly with the cur- 
lents Theie aie hundieds of species ol 
them m vaiious shapes and sizes, their 
average diameter is about a thousandth 
of an inch. To the naked eye they aie 
visilile only as a gieenish oi biownish 
tinge in waters wheie they are abundant. 
Under the microscope they aie resolved 
into great multitudes of oiganisms, rang- 
ing from a thousand to several million in 
a quait of sea water, They add up to a 
total ol perhaps 100 pounds of plant 
organic matter pei acre of ocean. 

Associated with the plants is a great 
variety of small animals Some spend 
then whole lives di if ting in the surface 
waters. Others stay with the floating 
population only until they aie grown, 
and then strike off on then* own; exam- 
ples of these are shellfish and other bot- 
tom animals. One of the most important 
gioups of the floating animals are the 
copepods, tiny crustaceans about a quar- 
ter of an inch Jong that resemble a minia- 
tuie .shiimp. A copepod has a set of 
.spines on its mouth that interlock to 
foim a neat little sieve. The sieve strains 
out micioscopic plants and othei bits of 
food from the watei. To help in its feed- 
ing the animal is equipped with vibrat- 
ing appendages that push a flow of 
water through the sie\'e Other plant 
eaters in the floating population have 
different kinds of filtering mechanisms, 
some very elabouite. Not all the animals 
in this population are plant eaters, how- 
ever, some have giaspmg and biting 
mouth-paits and prey on the smallei 
animals. 

The floi!itmg plant and animal society 
is known collectively as plankton. It pro- 
vides food for a host of larger and more 
active creatines that live in the surface 
waters, including such fishes as herring 
and mackerel. In coastal wateis and the 
offshore fishing banks, plankton sinking 
from the smdace nourishes the small ani- 
mals that hve on or near the bottom. 
These m turn are the food of flounders 
and other ground fish. 

Thus the fishes and other large ani- 
mals in the sea represent the end product 
of a long and complicated food chain 
Tlirough a series of predations, the tiny 
bits of plant life are transformed into 
successively bigger bundles of living 
material. But all along the way from 
plants to fishes theie is a continual loss 
of organic matter. During its grovTh to 
adulthood an animal eats many times its 
own weight in food. Most of the organic 
material it consumes is broken down to 


supply energv' for its activity and life 
processes in general. It follows that the 
total of plant matter in the sea outweighs 
the animals that feed upon it, and the 
heibivoies m tiiin outweigh the caini- 
voies Fish production is believed to be 
of the oidei of only one tenth of one per 
cent of plant pi oduction 

T he investigation of the amount of 
organic production in the sea is one 
of the most difficult and fascinatmg 
pioblems in biological oceanography. In 
the broadest sense it means deteunmmg 
the Kite of production at every level in 
the food chain. It also means investigat- 
ing the tangled skein of oceanographic 
and biological lelationships that deter- 
mine the pioductivity of any given le- 
gion. 

What makes it difficult is that maiine 
population.s aie highly dynamic and un- 
stable. They do not burgeon and wither 
in regular cycles as on land The algae, 
known collectively as the phytoplankton, 
often exhibit spectacular buists of 
growth of a seasonal nature, but these 
are haidly compaiable to gi owing pe- 
riods on land. On the coiiti'ary, the plants 
of the sea keep on growing to some ex- 
tent the year round. At the same time the 
plant population suffers continual loss by 
animal feeding or bv sinking into the 
depths of the ocean. So the quantity of 
phytoplankton present in the water at 
any one time may giv’e little indication 
ol the amount that is being piodnced. 

The problem, then, is to find some 
method of separating the rates oi 
growth and death and measuring them 
independently. The fiist method that oc- 
curred to oceaiiographeis was to exam- 
ine the water foi chemical changes that 
might be a measuie of biological activ- 
ity. Some 20 years ago investigators ob- 
served that the chemical composition of 
sea water changes with tlie seasons. 
Phosphate, nitrate and other substances 
required foi plant growtli attain a maxi- 
mum concenti ation in the surface waters 
in midwinter, when the light is too poor 
to favor active plant giowth and when 
turbulence induced by winter stoims 
brings up these chemicals from the nu- 
tnent-iich deep water During the spring 
growing season, when the smiace zone 
IS well lighted, plants absorb these sub- 
stances at a moie rapid rate and the con- 
centration of them in the smface water 
drops By summer it is reduced to a low 
level. Later, as the remains of dead 
plankton sink into deep water, the ni- 
trate and phosphate are hbeiated again. 

Shortly after this discovery H. W- 
Harvey, L. H. N. Cooper and their co- 
woikers at tire marine laboratoiy at 
Plymouth, England, made a cai'eful sur- 
vey of the plankton and nutrients of the 
English Channel. They noticed that the 
amount of nutrients disappearing from 
the water during the period of intense 
spring giowth was many times the 
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amount present in the plant population 
at any one time In other words the 
quantity of food vanishing down the 
small boy’s gullet was out of all propor- 
tion to the apparently slight results 
achieved in giowth of stature. This seem- 
ingly contradictoiy situation could only 
be explained by these assumptions, (a) 
the plants were actually growing very 
lapidly, in some cases increasing as 
much as 50 per cent per day, and (b) 
they were being eaten as fast as they 
giew (somewhat as tlie acti\'e small boy 
spends energy almost as fast as he in- 
gests it) . 

Similar results have since been ob- 
tained in many other regions, and theie 
is not the slightest doubt that the phyto- 
plankton, although It appears to be com- 
paratively small in amount, is an active 
producer of organic material. However, 
accurate estimates of plant production 
cannot be obtained by tiying to measure 
the amount of nutrients consumed. Tliis 
method does not take into account the 
fact that some nutrients are liberated in 
the surface layer by the deatli of plank- 
ton or that some are brought up to the 
surface from deep water by vertical 
turbulence. In summer (and in the trop- 
ics thi’oughout the year) these processes 
approximately balance the rate of utili- 
zation of die nutrients by plants. 

I N search of a more generally useful 
method, oceanographers turned to 
experimental techniques. The Norwe- 
gian investigator H. H. Gran filled bot- 
tles with sea water containing its natuial 
plankton population, suspended them m 
the sea so that they would be exposed to 
reasonably normal conditions of light 
and temperatui'e, and measuied the 
growth of plankton that occuired dunng 
a period of a day or two. By enclosing 
the plankton m bottles he made sure that 
no nutrients would be added to the mix- 
ture, To measure the production of or- 
ganic matter he divided the botdes into 
two groups. One gioup he wrapped in 
dark cloth; by excluding light he pie- 
vented the piocess of photosynthesis, 
and so m these bottles the plankton did 
not produce organic matter but only 
consumed it. In the lighted bottles, on 
the other hand, both production and 
consumption went on, just as in tlie sea. 
The difference in the organic content of 
the two sets of bottles showed the total 
amount of organic production. 

Several hundred such experiments 
have now l^een made: by Steemann 
Nielsen in Danish waters, by the writer 
in the western Atlantic, by Isl. C. Sargent 
of the Scripps Institution of Oceanogra- 
phy in California coastal waters and the 
tropical Pacific, and by others. They are 
enough to di*aw some tentative conclu- 
sions about phytoplankton production. 
In most of tiie regions examined, the sea 
yields from one to three tons of dry or- 
.ganic matter per acre per year. This 


means that on the aveiage the plant 
population must giow about 10 per cent 
pei da^^ The most feitile aieas of the 
ocean have appioximately the same an- 
nual production as a foiest. The lower 
limits of pioductivity correspond moie 
nearly to the grass crop of a semi- and 
plain Thus acre for acre, the plant pro- 
duction of the sea and of the land is of 
the same ordei of magnitude. But be- 
cause of the larger area of the sea, its 
total production is almost certainly 
greatei . 

The production of animal plankton 
has not been studied as thoroughly as 
phytoplankton. The animal crop is horn 
one tenth to one half of the plant crop. 
But the animal production cannot yet be 
estimated with a satisfactoiy degree of 
accni acy . 

We are in the same situation with re- 
gard to most of the higher members of 
the food chain— the fishes, shellfish, and 
so on. The best we can do is to estimate 
that in the case of some commercially 
important species which are intensively 
fished the annual catch must nearly 
equal the annual production 

Fishes and othei animals at high levels 
of the food chain have a much slower 
growth I ate than plankton. Seveial yeais 
ago Daniel Meriiman and his associates 
on the staff of the Bingham Oceano- 
graphic Laboratoiy of Yale University 
began an intensive study of the floundci 
fishery off the southern New England 
coast. There the total fish population at 
any given time averages about 80 
pounds per acie. Fiom an area of lough- 
dy 200 square miles, fisheimen annually 
take from three to six million pounds of 
maiketable fish. Their total catch also 
includes an equal or larger quantity of 
“trash” fish that are thrown away oi 
sometimes maiketed for fish meal. Thus 
the total catch represents roughly 50 to 
100 pounds per acre. While these figuies 
are veiy rough, they suggest that the 
annual production of fish approximately 
equals the population at any one time 
The average phytoplankton population 
m this area appeals to be about four 
times the weight of the fish. But it grows 
much faster; the annual phytoplankton 
production is over 500 times the annual 
fish catch. Similarly, the Woods Hole 
Oceanographic Institution and the U. S. 
Fish and Wildlife Service found that on 
Georges Bank, a large and impoitant 
fishing area east of New England, annual 
fish landings ranged from seven to 33 
pounds per acre, while phytoplankton 
production was estimated to be of the 
order of 1,000 times the maximum com- 
mercial catch. 

T hese studies of manne productivity 
are a step along the way toward two 
goals tlrat oceanographers have in mind. 
One is purely scientific— to gain an un- 
derstanding of the principles that govern 
the existence and growth of marine 


plants and animals. The othei is to apply 
this knowledge wheiever possible to 
piactical ail ail s. 

What aie the factois that contiol the 
sea’s pioductivity? In a general way, we 
know some of them We know that light 
and temperature strongly affect the 
giowth rate of the plants, and that tem- 
per atm e also influences the rate at which 
these plants sink to deeper levels and 
the rate at which animals feed on them. 
Currents and accompanying tuibuleiice 
m the water aie important if the turbu- 
lence IS too gieat, it slaughteis the sur- 
face population by carrying plants down 
below the zone of active giowth; if the 
tuibulence is too weak, the population 
again suffers because less phosphate and 
other food is brought up from below 

The best fishing areas aie generally in 
shallow watei. There the plant popula- 
tion is concentiated m a small space, 
and the animal plankton can feed inten- 
sively and grow rapidly. Theie also an 
abundant supply of plankton falls to the 
bottom and nourishes the animals that 
live there. In deeper waters the dead 
plankton decomposes as it sinks, and lit- 
tle reaches the bottom. Thi-s is one rea- 
son why on a deep ocean bottom animal 
life is scanty. 

Dining the past few yeais, the writei 
and his associates have made preliminary 
attempts to deal with plankton in mathe- 
matical terms. An equation can be wiit- 
ten to predict the quantity ol plankton 
in a given legion or its seasonal changes, 
on the basis of the enviionmental char- 
acteristics of the region— light, tempera- 
tme, tuibulence, the depth of watei, and 
tlie deep water concentration of nutri- 
ents. Precise application of the equation 
requiies a great deal of mfoimation 
about the effect of environmental factois 
on growth rates and physiological proc- 
esses in general. Unfortunately, present 
knowledge of these subjects is not neaily 
as precise and complete as might be de- 
sued. Neveitheless, in various regions 
where the equations have been applied, 
the quantities of plankton predicted by 
these equations agiee with observations 
within about 25 pei cent. 

A lthough oceanographers aie still 
far from satisfied with theu* knowl- 
edge of the life of the sea, some of then 
obseivations have akeady begun to bear 
practical fruit. The British herring fish- 
eiy is an example of what may come of 
a few simple oceanographic obseiva- 
tions. The herring reaches commercial 
size at the age of diree yeais. It has been 
found that the magnitude of the catch 
in any year is closely coi related with tlie 
amount of phosphate that was in tlie 
water three years previously, when the 
herring first hatched. The implication is 
that the food supply during the first few 
months of life is a critical factor in de- 
termining survival, and a large amount 
of phosphate ensures abundant food. 


I, a 



Whatevei the explanation may be, the 
phosphate index is a simple means of 
piedicting the heinng ciop three yeais 
m advance, making it possible to plan foi 
good years and bad. 

Predictions of one kind or another will 
be a major function of the practical 
oceanogiaphei of the future. It will be 
necessaiy also to considei contiols to 
prevent ovei fishing, which endangeis 
the pioduction of young. This is particu- 
larly important in the case of fishes that 
lay a relatively small numbei of eggs. 
Even when we have solved the problems 
of fish conseivation, howevei, there will 
remain the challenging fact that we still 
will be using only a tiny fraction of the 
total organic pioduction of the sea. 

One way to in ci ease our harvest is by 
intensive oyster and clam fanning 
These animals exist at a low level in the 
food chain, living on small plankton and 
detritus, and pioduction is theiefore rel- 
atively efficient. In the Philippines, the 
East Indies, China, and various othei 
legions, considerable success has been 
attained in f aiming fishes and prawns. 
When shallow coastal areas aie im- 
pounded and aitificially fertilized, the 
mciease in production is sometimes 20- 
fold, Annual yields of 4,000 pounds of 
fish per acre have been leported. Devel- 
opment and extension of fish culture in 
both marine and fresh waters is mi- 
doubtedly one of the best approaches 
towaid lemedying the protein deficiency 
of the Oriental diet. 

Some people even suggest catching 
and using plankton. It is not an atti ac- 
tive food as such, but it is nubitioiis, and 
special processing might make it accept- 
able. But theie are no large concentia- 
tions of plankton m the water at any one 
time, and filtering out a sizable quantity 
of such small cieatuies would requhe an 
enormous output of eneigy. It might be 
done on a limited scale, for example by 
utilizing tidal energy. But to harvest any 
considerable fraction of the plankton of 
the world seems as fantastic as the old 
dream of extracting gold from sea water. 
By and large we must leave the plankton 
to the fishes. 

We can certainly learn to use the fishes 
more effectively, howevei, and catch 
them farther afield. There are vast fish- 
ery resources m various parts of the 
world that remain virtually untapped, 
simply because theii quality oi their dis- 
tance from marketing centers makes 
them less profitable than our present 
commercial fisheries. Changing eco- 
nomic patterns and inci eased demand 
may lead to the development of such 
resources. Quite possibly the world's fish 
catch could be increased five or ten times 
or more. 


Gordon A. Riley is associate profes- 
sor in the Bingham Oceanographic 
Laboratories of Yale University 



DIATOMS are a large part of the phytoplankton, the tiny plant life of the 
oceans. They are principally distinguished by their siliceous skeletons. When 
diatoms die these settle to the bottom to make up the diatomaceous earths. 



COPEPODS are an important group of the zooplankton, the tiny animal life 
that feeds on the phytoplankton. Copepods are similar to shrimps. They have 
delicate spines about their mouths with which to trap the phytoplankton. 
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FIREBAIX of one bomb rises from Eniwetok* Scale of covered island in the center foregroimd. Site of the ex- 
the explosion can be ron^ly estimated from the palm* plosion is on the other side of atoll’s circular lagoon. 
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TESTS 

Pictures of Eniwetok 
experiments of 1948 
are released to public 

O N August 21 the Atomic Eneigy 
Commission leleasecl the fiist pic- 
tuies ol its secret tests at Emwe- 
tok Atoll in the spring ot 1948. The 
pictuies told a httle more about the tests 
than the AEG’s guaided statement ol 
last yeai. The official releases thus fai 
leveal the following meagei facts. 

Thice “atomic weapons” were tested. 
All three weapons were probably 
bombs, although the language of the re- 
leases cuiiously hedges this point. The 
photographs on these two pages obvious- 
ly show bombs, but not necessarily three 
oi them. However, Daiol K. Froman, 
Scientific Director of the tests, has said* 
“The tests . . . involved a senes ot nu- 
clear explosions. . . 

All thiee bombs were piobably set oft 
in the air. The photogiaph below leveals 
that at least one of them was exploded 
on a tower The othei photographs le- 
call the air buists at Alamogordo and 
Bikini. The stated purpose ol the tests, 
moieovei, was to test the efficiency of 
the bombs, and not such tactical meas- 
uies as exploding them undei water. 

The bombs weie moie powerful than 
their predecessors. How much moie so 
IS only suggested by the photogiaphs 



EARLY STAGE of explosion in another photograph may show the test of a 
second bomb. Same atoll is in forcgromicl, but pattern of cloud is different. 



AERIAL VIEW of explosion was probably made at the same time as the 
photograph on the opposite page. Condensation ring surrounds the fireball. 



TOWER from which one of the SHOCK WAVE, the circular marking on the water, flashes ovit just after 
bombs was exploded is Imilt on ishi. the beginning of one explosion. It rushes across two islands at lower right. 
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Amateur naturalists have often observed that the leaves 
of one plant have many shapes. English workers have used 
this simple phenomenon for the study of aging in plants 


T he exciting thing about scientific 
research is not reviewing the re- 
sults, it IS making the observations. 
Unhappily tins pleasure is no longer 
leadily accessible to the amateur m these 
days of cyclotrons and infrared spec- 
trometers; in such esoteric sciences as 
physics and chemistry he must be con- 
tent with reading accounts of experi- 
ments he could not possibly have done 
himself. But in biology it is still possible 
for an acute observer to make interesting 
discoveries with no more equipment 
than any house and garden can provide. 
Indeed, we can begin to study a funda- 
mental biological phenomenon, the ag- 
mg of plants, with the sunplest of obser- 
vations— the sizes and shapes of leaves. 

If you observe caiefully the shapes of 
successive leaves on tlie stem of almost 
any annual plant, you will be struck by 
something you may not have noticed be- 
fore: no two leaves on the stem aie 
alike. Carrot, delphimum, morning- 
gloiy, hibiscus, cosmos, sugar beet— all 
these and most other plants show 
changes m shape from leaf to leaf up die 
stem. And the differences are not hap- 
hazard. In delphinium, for instance, 
there is a progressive increase m the 
number of segments in each succeeding 
leaf. If the first leaf has nine segments, 
the second has 12, the third 18. In morn- 
ing-glory the first three or four leaves 
may be shaped like a heart; the subse- 
quent leaves are more and more deeply 


by Eric Ashby 

lobed. In the English harebell the first- 
formed leaves are round, later-foimed 
leaves are narrow and grasslike. In many 
plants the changes are so legulai that 
thev may be plotted as a graph, with 
leaf number along one axis and some 
measure of leaf shape along die other 
axis. 

Closer inspection discloses odier 
striking differences between one leaf 
and the next. Under the microscope the 
surface of a leaf appeal s as a tessellated 
pavement of cells, each about one 500,- 
000th of a square inch in area. There are 
about four million such cells on the sur- 
face of an ordinal y beet or tobacco leaf. 
Now the size of these cells diminishes 
from leaf to leaf up the stem, so that up- 
per leaves have smaller cells than lower 
leaves, and they also have fewer cells— 
theie are fewer tiles in the pavement and 
the tiles aie smaller. This means, of 
course, that the upper leaves as a whole 
are smaller. 

What is the importance of these ob- 
servations on the shape and size of suc- 
cessive leaves up a stem? What sort of 
biological hypothesis can we deiive from 
them? The observations have scientific 
significance for two reasons. In the fiist 
place diey provide a simple quantitative 
example of a pattern m time* as the plant 
grows older the leaves it produces 
change in a measurable manner The 
hereditary constitution of the plant does 
not change, yet the patterns pioduced bv 


the heieclitary constitution do change. 
In this lespect an organism is similai to 
a piece of music, developing variations 
on a theme. In the second place these 
changes in pattern may be a way of 
measuring the elusive process called 
physiological aging. The round leaves in 
the common harebell, for instance, aie 
called juvenile leaves. Under ordinary 
conditions adult plants do not form such 
leaves. But a plant kept in a state of de- 
layed development by deep shade and 
high moistuie, or a plant grown from a 
cutting, often does form juvenile leaves, 
even though it is an adult plant; and 
undex these conditions flowering and old 
age are delayed Is it possible, then, that 
leaf shape will provide some measure of 
the stage of development i cached by a 
plant— not its time-age, but its physi- 
ological age? Any such possibility de- 
selves careful attention. 

F rom om* initial observations, there- 
Foie, we are driven to ask how and 
why upper leaves on annual plants differ 
fiom lower leaves. In such an inquiry it is 
well to begin with the simplest hypothe- 
sis. The simplest hypothesis is that upper 
leaves differ fiom lower leaves merely 
because they develop later in the season, 
and that the consistent changes m shape 
and size merely reflect the changes in 
temperature and light from spring to 
summer. 

It IS not difficult to test this hypoth- 



DEIPHJMUM leaves ia this thawing appear at sncces- which they are divided. The leaves of other plants differ 
sive leijls from the bottom to the top of the plant. The from one another in various ways. In each case, how- 
leaves ditter m size and in the number of segments into ever, there is a regular variation in leaf shape with age. 
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esis. If, for instance, morning-gloiy 
plants aie sown in pots once a week 
till oil gh the spring, and all aie giown 
side by side in the same greenhouse, 
then the tenth leaf of an eaily sowing 
will develop at the same time and under 
the same environmental conditions as, 
say, the second leaf of a late sowing. If 
the leaf shape and size aie meiely the 
product of the environment, these tenth 
and second leaves should be alike. Re- 
sults of numerous expeiiments show un- 
ambiguously that this is not the case. 
Leaf shape and size depend mainly 
upon position on the plant. It is true that 
they are also influenced by the season, 
but the effects of season are quite dif- 
ferent fiom the effects of the position of 
the leaf on the plant We are theiefore 
obliged to 1 eject the simplest hypothesis, 
and to seek an explanation of the trends 
in leaf shape and size in some internal 
change m the plant i elated to its physio- 
logical age. 

We must note at once that the aging 
of a plant is quite different from that of 
an animal. In an animal the piocesses of 
growth occur all over the body until ma- 
tuiity, and the animal may then continue 
to live a long time even though growth 
has stopped. In a plant the piocesses of 
giowth aie localized at the gi owing tips 
of the stems. In a coin plant, for ex- 
ample, cells at the tip arc continually 
dividing to foim new leaves. Above 
the youngest leaves theie always re- 
mains a zone of newly formed cells, 
called the mens tern, fiom which subse- 
quent growth will come. The manner of 
growth of a com plant from its tip is, 
to use a farfetched analogy, rathei like 
the growth of a knitted woolen sock from 
the needles at one end. It follows, theie- 
fore, that a plant is not the same age all 
over; its lower leaves may be three or 
four months old while the uppermost 
leaf is only a few houis old. So long as 
the plant is growing, new meiistem cells 
are being formed at the tip of the stem. 

^Thus in time-age the tip is perpetually 
young. But it is certainly not peipetually 
young in physiological age. In a young 
plant the meristem cells giv^e rise to 
juvenile leaves, in an older plant they 
give rise to adult leaves and eventually 
to flowers. And it appears that this inex- 
orable process of aging goes on even 
when the plant has a constant supply of 
nutiients and* constant conditions of 
light. 

S O we meet here a central problem of 
biology: the problem of the cause of 
old age. There are encouraging signs that 
the anatomy and shape of leaves may be 
a useful measure of plant aging— and to 
be able to measure a phenomenon is the 
first step toward understanding it. 

Recently at the University of Man- 
chester we have begun to study the aging 
of a plant under constant environmental 
conditions. The plant we use is the com- 



In center is plant giown in shade. At right is plant grown from cutting. 



COTTON leaves have been used to measure the physiological age of the en- 
tire plant. Physiological age of a plant may differ from its time age. Plants 
grown under different conditions may age physiologically at different rates. 
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DUCKWEED is aa important exper- 
imental organism in the author’s 
lahoratorj'. "’Mother” frond (,A) pro- 
duces seyeral ^daughter” fronds. The 
latter are smaller as the plant grows. 


moil floating duckweed, which can be 
found in almost any stagnant pond. Each 
leaflike frond pioduces a “daughter” 
frond horn a pocket in its side, when 
this fiist daughter is fully grown, a sec- 
ond daughter frond is pioduced from a 
similar pocket in the other side of the 
paient {see drawings at left). By the 
time the second daughtei is giown the 
first daughter frond has broken away 
and become a sepaiate plant, and out of 
the empty pocket a thiid daughter ap- 
peals. This IS followed by a fourth 
daughtei m the pocket formerly occu- 
pied by the second daughter. In this way 
a mother frond may bring forth up to 
five daughter fronds, after which the 
mother bond dies. The life expectation 
of a mother bond is about 45 days. The 
five daughter fronds pioduced in this 
time are similar to five leaves on a nor- 
mal plant. 

The remaikable fact is that even in 
the most carefully controlled artificial 
environment, each of the daughter 
bonds IS smaller than the one before, so 
that the fourth and fifth daughters are 
less than half the size of the first daugh- 
ter. To put it another way, the meristem 
cells of the mother bond are, as it were, 
“running down.” 

In terms of physiology, there aie two 
possible explanations for the lunning 
down of cl frond The first is that the 
mothei bond produces a growtlvstnmi- 
latmg substance which is gradually used 
up, so that the fiftli bond receives much 
less than the first bond. The second pos- 
sible explanation is that the mother bond 
produces a growth-inhibiting substance 
which, as it accumulates, restricts the 
growth of successive daughter bonds 
moie and more. 

A simple experiment shows which of 
these explanations is the more likely. We 
cut out an immature daughter bond 
bom its mother. If its mother supplied a 
stimulating substance, the separated 
daughter bond, deprived of this sub- 
stance, should be abnoimally small when 
it matures. If its mother supplied an in- 
hibiting substance, the freed bond 
should grow abnoimally iarge. It turns 
out that when such a surgical operation 
is performed, the excised daughter bond 
never grows to its normal size; it is al- 
ways abnormally small. This indicates 
lliat a mother bond stimulates the 
growdi of a daughter bond, and the re- 
duction in size of successive daughter 
bonds may be due to a diminution in its 
supply of growth-stimulating substance. 

But that is not the entire story. If it 
were, tlieu successive generations in a 
colony of duckweed plants would be- 
come smaller and smaller and ultimately 
disappem*. This does not happen; indeed 
the average size of bonds in a colony 
remains about the same. The reason is 
that the impoverished fourth or fifth 
daughter bonds reverse the trend and 
produce “gi’onddaughter” bonds that are 


larger than dieinselves. The process of 
aging during the life of a bond is fol- 
lowed by a process of lejiu enation. Each 
new bond in a duckweed colony is m 
fact pait of a cycle of aging and leju- 
venation. Physiological age, unlike time- 
age, can be put into leveise 

This cycle appeals m its most fanixliar 
foim in annual plants, which “run down” 
and die each year but leave behind seeds 
whose germination is in eflect a revival 
of youth. We see in the duckweed, how- 
evei, a case of lejuvenation without seed 
foimation. 

O UR data aie still much too shin to 
justify a geneial theoiy of senes- 
cence and rejuvenescence in plants. We 
must be content with rough uxirkmg 
hypotheses, most of which are unsatis- 
factoiy . The mteipretation we have been 
considering, which is not so much a 
hypothesis as an attempt at diagnosis, 
was put forward by a Russian botanist, 
N. P. Krenke, who died in 1940. Krenke 
had observed that the leaves of some 
varieties of cotton change shape from 
place to place up the stem. Successive 
leaves become more and more deeply 
lobed, and then the process reverses and 
succeedmg ones become less and less 
lobed. If lobing occurs in a compara- 
tively early leaf, then flowering also oc- 
curs early, and vice versa, Krenke there- 
fore suggested that the cycle of leaf 
shape 111 cotton is a measure of physio- 
logical age. He suggested also that when 
a side branch arises fiom a bud on the 
mam stem, the branch exhibits some de- 
gree of rejuvenation, foi it repeats the 
shape sequence found on the main stem. 
The repetition is not perfectly parallel, 
for instance, a side branch from a bud 
low on the stem has its first leaf slightly 
less lobed tlian the leaf on the main stem, 
while a side branch higli on the stem has 
its first leaf slightly more lobed than the 
leaf on the main stem. This, however, is 
precisely what one would expect if leaf 
shape measured physiological age, and if 
all side branches were, like die grand- 
daughter fronds of duckweed, physio- 
logically younger than the mum stem at 
the place where they arise. Since lobing 
in this plant at fiist is a sign of age and 
later becomes a sign of youth, we would 
expect the high side brandies to exhibit 
their greatei youth by clevelojung more 
deeply lobed leaves. 

Krenke's hypothesis does not, of 
course, explain these consistent changes; 
it does not even describe all types of 
such change. But it is a bold and pro- 
vocative idea which stmiulates further 
work, and it convinces us that the analy- 
sis of leaf shape may become a problem 
of great importance in biology. 


Eiic Ashby is professor 
of botany at the Vni- 
versity of Manchester, 
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as light 


electrons 


record high-energy particles 



Tracks of electrons of energy above 1 MEV. 


and os heavy 
as iron nuclei 





Sections of track of primary cosmic raj particle, identilied as Fe nucleus, traveling 
at speed high enough for relativistic mass correction to he significant. After passing 
through a slack of 15 NTB3 Plates, track ends in emulsion of one of them, (Cour* 
tesy of Dr. Betnaid Peters and Dr. Helmut Bradt., L nivetsitv of Rochestei.) 


Kodak Nuclear Track Plates are opening broad 
avenues of progress toward understanding the na- 
ture of the physical universe. 

Of the four types madc» the newest and most sen- 
sitive have recorded minimum ionization phe- 
nomena* That is, Type NTB3 Plates have recorded 
particles of energies corresponding to the broad, flat 
minima through winch pass the theoretical curves 
of energy versus energy -loss rate sho\vn at right, 

Kodak Nuclear Tiack Plates, Type NTB3, are 
available in 50-, 100-, 150-, and 200-mieron emul- 
sion thicknesses* Because they show background 
from cosmic radiation, they are ship- 
ped immediately after manufacture, ^ 

should he used immediately upon re- gmmMi / 
ceipt, and should be processed as soon 
after exposure as possible. 

Full information about placing and 
shipping of orders for them will he 
sent upon request. 


Shading shows approximate space rates of energy 
loss to which iCodak Nuclear Track Plates respond. 
Actual space rate of energy loss in emulsion is given 
hy multiplying indicated rates by the stopping- 
powder factor for photographic emulsions, which is 
about 2000. 


I Minimum for NTC is about 10 0 MEV/cm. 







iiiiliii— iiiiiiiMBlliiii'iSSSiiiii!- 


ENERGY (MEV) 


EASTMAN KODAK COMPANY, ROCHESTER 4, N. Y. 


Kodak 





Evolution of an Investigation 

ATOM BOMB URANIUM 
VANiSHES 

(Front-page headline of an eight-col- 
umn storv in the New Yoik Daily News, 
May 18/1949.) 

ATOMIC HEARINGS 
ENDED BY M’MAHON 
Chairman of Lihenthal Inqniiy 
Cites Lack of Quorums 

(Headline m the New Yoik Times, 
page 3, August 26, 1949,) 

Thus ended the 1949 Congressional 
investigation of the Atomic Energy Com- 
mission, which began in a splash of page 
one headlines throughout the countiy. 
Its official collapse went unremarked by 
the New York Daily News and most 
other newspapers. 

Red Dragon 

H OW is an atomic bomb put together^ 
It may he decades before tins secret 
becomes public knowledge, but it is 
impossible to pi event kittens from es- 
caping from the bag from time to time. 
Recently two participants in the work 
ieadmg up to the bomb were permitted 
to tell in a newspaper interview about 
some preliminary experiments that take 
a dramatic place in the already consider- 
able folklore of the bomb. 

When physicists had worked out the 
theory of a uranium bomb, it became 
necessary to test their theory by some 
sort of experiment short of an explosion. 
They had predicted that a chunk of fis- 
sionable uranium would explode when it 
reached a certain critical size. It was 
also obvious that the critical mass must 
be brought together very rapidly to pro- 
duce an effective explosion. In an iso- 



lated canvon neai Los Alamos, a group 
headed by Otto R. Fiisch, a refugee Gei- 
inan physicist, set about the dangerous 
work of measuring the conditions ap- 
pioaching an atomic bomb. Their equip- 
ment, designed by Fiisch, was housed in 
a lahoiatorv identified by a red dragon 
painted on the door. 

The equipment was simple One ele- 
ment was a block of ui anium with a hole 
through it. Thiough this hole the experi- 
menters diopped a slug of uranium. An 
instrument measured the increase m 
neutron production as the slug passed 
through the block. Then they dropped in 
a heavier slug, then a still heavier one. 
Gradually, using successively bigger 
slugs, they came closer and closer to tlie 
critical mass Finally the experimenters 
set off a reaction that told them what 
they wanted to know. During the tliree 
thousandths of a second that thek heavi- 
est slug was falling through the hole, 
theii instruments lecorded a kemendous 
increase in neuti’on production. Up to 
the actual explosion of the first bomb, 
tins was the most leliable expeiimental 
evidence the physicists had that a ui ani- 
um bomb really would explode. 

Radiocardboard 

W HEN in August, 1945, it was le- 
ported that radioactive debiis from 
the first atomic bomb explosion in New 
Mexico had fogged a batch of photo- 
graphic film thousands of miles away, 
the storv seemed, even in the excitement 
of the time, a little too much to swallow. 
But the Eastman Kodak Company, 
which had discovered the sLange coinci- 
dence of the bomb and the fogged film, 
took it seriously. J, H. Webb of the 
Kodak Research Laboiatories undertook 
a long, painstaking job of scientific 
sleuthing to settle the question. He now 
leports, in The Physical Review, the con- 
vincing results of his investigation. 

The film in question, a fresh batch of 
double-coated X-ray film tliat had been 
packed only three weeks, was found 
heavily spotted when it was developed. 
Tests of tlie strawboaid in which it was 
packed showed that the strawboard was 
radioactive. Ordinarily this would not 
have been very surprising. Much of tlie 
packaging paper and cardboard manu- 
factured in the U. S. during the war was 
known to possess radioactivity, due to 
the fact that the general paper stocks 
from which it was made contained radio- 
active paper salvaged from plants mak- 
ing radium instrument dials. But in this 
case the appearance of radioactivity was 
very odd; this particular strawboard had 
been manufactured in a special mill at 


Vincennes, Ind , wheie unusual piecau- 
tions were taken to screen out ladioac- 
tive raw materials Previous batches ol 
its strawboard had shown no ladioac- 
tivity. 

The guilty sti awboard had been made 
on August 6, 1945—20 days after the 
bomb explosion at Alamogordo. The 
Vincennes plant site, on the Wabash 
Rivei, was about 1,000 miles from Ala- 
mogordo. Was it possible that radioac- 
tive particles horn the bomb had been 
blown by winds all the way to the 
Wabash watershed and had contami- 
nated the liver water used in manufac- 
ture of the sti awboard*^ The only way to 
test this hypothesis was to analyze the 
ladiation coming horn the strawboard 
and tiy to identify the atoms emitting it. 

The ladiatioii was veiy slight, and 
Webb had to devise special sensitive 
methods £oi studying it. He soon found 
that the strawboaid emitted no appieci- 
able alpha radiation. This luled out the 
possibility that it was contaminated to 
any significant extent with natuially ra- 
dioactive elements, such as uranium or 
thoiiiim, for all such elements emit alpha 
lays Thus the radiating particles must 
be aitifieially ladioactive atoms and the 
only known soiiice that can create and 
disperse large numbers of such atoms is 
an atomic bomb. 

The strawboard gave oft substantial 
beta radiation and some gamma lays. 
When Webb analyzed the beta radia- 
tion, he discoveied two significant facts: 
1 ) the radiating atoms had a half-life of 
about 30 days, and 2) the emitted beta 
pai tides had an energy of about 600,000 
electron volts. These properties virtually 
identified the radiating atoms, they cor- 
lespond closely to those of a radioactive 
isotope of the element ceiium, a rare 
earth. And this isotope, Ce-141, is one 
of the most prolific fission products of the 
atomic bomb. 

So it appears that radioactive cerium 
from the Alamogordo bomb explosion 
must have rained, very thinly to be sure, 
over large areas of the U. S. within a 
ladius of hundreds and possibly thou- 
sands of miles from the bomb site. This 
conclusion was greatly strengthened 
when Webb discovered that the same 
type of radiation as he found at Vin- 
cennes was exhibited by strawboard 
made in September, 1945, at a mill on 
the Iowa River at Tama, Iowa, hundreds 
of miles away. 

Webb’s findings plainly are no cause 
for alarm, for the radiation, even when 
concentrated m the strawboard, was far 
below any dangerous level. But an enter- 
prising insurance brokerage firm, Schiff, 
Terhune and Co., Inc., of New York, has 
just turned up some pertinent facts in the 
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industrial aiea of the ladiation problem 
On the basis of a large sample poll, the 
firm leports tliat 70 pei cent of U. S 
corpoiations are mteiested m infoima- 
tion about msuiance against ladiation 
hazaids, including atomic explosions 
Virtually no such insuiance is now avail- 
able. The leason, says the firm’s presi- 
dent, is that the secrecy smioundmg 
atomic energy developments and ladia- 
tion hazaids makes it impossible to es- 
tablish picmium lates 


Atomic Shin-Plasters 

N ot a few enti epi eneurs have found 
ways to cash m on public awe ( and 
ignoiance) ot atomic cneigy. The Food 
and Drug Administration reports that the 
quack-medicine racket has become high- 
ly radioactive. The Admimsti ation’s in- 
spectors have recently seized some in- 
teresting exhibits. One is the Zerrep 
Applicator, available in the legulai $5() 
size and in a superchaiged version at 
$100, which accoiding to its mventoi 
emits atomic lays that lengthen life by 
“expanding the hydrogen atoms” in the 
body. Tlie applicator was touted to 
cure 67 diseases, including cancel and 
poliomyelitis. Other items on the FDA 
blacklist include atomic shin-plasters, 
radioactive bath salts, U-2o5 medicinal 
water, an u radiating “Vnlium Pencil” to 
be hung from the neck as a means of 
warding off illnesses. 


Corner Lifted 

T he first official move to make some 
of the vast new engineeiing knowl- 
edge accumulated in the atomic eneigy 
project available to U. S. industiy was 
made last month by the Atomic Eneigy 
Commission. Following up recommen- 
dations by an Indus tiial Advisory Group, 
the Commission appointed a commit- 
tee of engineeis and ti'ade publisheis, 
headed by Sidney Kiikpatrick of the 
McGraw-FIill Book Company, to help in 
declassifying selected technological in- 
formation m the field of metallurgy. Tliis 
will have to do mainly with metals and 
alloys used for blowers, valves and other 
parts of vacuum pumps— a field in which 
the atomic energy project has made re- 
markable advances. 

If this declassification project, an- 
nounced as an experiment, works \vell, 
the Commission hopes to extend it and 
lift the curtain on other information of 
value to industry. The AEC also named 
a committee to study how the electric- 
power industry may take a more active 
part m its reactor program for the de- 
velopment of uraifium as a fuel for 


powei plants. The thiee-man committee 
is headed by Philip Sporn, president of 
the Ameiican Gas and Electiic Seivice 
Corpoiation. 


The A, A. AS. Protests 

A YEAR and a half ago the executive 
committee of the Ameiican Associa- 
tion for the Advancement of Science, 
which may be taken as the official voice 
of U S, science, appointed a committee 
to investigate how the security lestric- 
tions of governmental agencies have af- 
fected the nation’s scientists and scien- 
tific work. This Committee on the Civil 
Liberties of Scientists, headed by Mau- 
rice B. Visscher of the University of 
Minnesota, has now tendered its repoit. 
Its general conclusion is that the national 
“seemity” system, as it is opeiating in 
practice, seriously impedes scientific 
woik and menaces the nation’s long- 
term seematy. The Committee pioposes 
a numbei of reforms in seemity pio- 
cedmes. 

Its investigation considered the prob- 
lem under tlmee headings. 1) secrecy; 
2) cleaiance of scientists for confidential 
work, especially by the Atomic Energy 
Commission and the National hlilitary 
Establishment; and 3) Government in- 
vestigations ot the “loyalty” of Federal 
employees, particularly scientific woik- 
eis. Recognizing that under present con- 
ditions some scientific work must remain 
secret and the reliability of persons do- 
ing such work must be investigated, the 
Committee holds that the area of se- 
ciecy, and the investigations, have been 
extended far beyond necessaiy and de- 
sirable limits. 

As to secrecy, it recommends that re- 
strictions on information be confined to 
“immediate military applications of sci- 
entific findings, rather than the findings 
themselves.” It proposes that a sharp line 
be di awn between scientific knowledge, 
“that is, recorded observations of natural 
phenomena,” which should not be secret, 
and “military plans, programs, physical 
locations, designs and mechanisms.” 

As to clearance and loyalty proced- 
ures, the Committee condemns the tend- 
ency to require elaborate clearance 
even for scientists who do no secret 
work, and the guilt-by-association pat- 
tern. The most sharply worded sections 
of its report have to do with the methods 
of investigation of the loyalty and reli- 
ability of scientists. The Committee 
found that the standards for judging 
“security risks” are ill-defined, the inves- 
tigation and hearing procedures un- 
democratic and the decisions often 
arbitrary. “The effect of the excessive 



Flying Jennys to Jets 

In the days of the flying Jenny and 
the cow pasture airport, comfort was 
a luxury few airmen had time to con- 
sider. Keeping out of the tree tops 
was a more constant problem than 
keeping fingers from freezing. But in 
the sleek new airliners, passengers 
expect drawing-room comfort. That 
requires creative engineering because 
both high and low temperatures are 
involved and only such relatively new 
materials as the Dow Corning Sili- 
cones can take both extremes. 



PHOTO COURTESV ARROWHEAD RUBBER CO. 


Silafitic'‘~eoakd glass doth heating duct 
seals wilhUand continuous lorig tme erc- 
posure to ojierathig temperatures betwee7i 
3S0° and i.00° F. in new Consolidated 
VuUee Convair-Ltners. 

In designing the new Convair-Liner, 
Consolidated’s engineers faced heat- 
ing and ventilating duct conditions 
that would frizzle any conventional 
material; maximum temperature 
450° F.; operating temperature, 350°- 
400° F.; internal air temperature, 
250°-350° F.; internal pressure, 10 in. 
of water; misahgnment, to inch; 
vibration from mild to extreme. 

That’s the problem Consolidated pre- 
sented to Arrowhead Rubber Com- 
pany of Vernon, California. Engineers 
at Arrowhead solved this problem 
with a Silastic tube reinforced with 
glass cloth. Arrowhead also uses Sil- 
astic,* the rubber-like silicone by 
Dow Corning to produce duct seals 
that have high performance records 
at temperatures from —89° to 450° F. 
and under pressures up to 150 p.s.i. 
in the newest type jet planes. 

For the properties of Silastic phone 
our nearest branch office or write for 
pamphlet No. AG-IO, 

^TRADE MARK REGISTERED U. S. RAT. OFF. 

DOW CORNING CORPORATION 

MIDLAND, MICHIGAN 

AUanfd • Chicago • Clevafond • Dalfas 
New York • Los Angole* 
fn Canoda: Fiberglas Canada, Ltd., Toronto 
In England: AlbrighI and Wilson, Ltd., London 
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I RAVEL BY spaceship at 
seven miles a second to the 
mountains of the moon! Visit 
the planets and their satellites ! 
This book takes you there in 
exciting text, and in pictures 
literally ‘'“out of this world” 
and yet scientifically accurate 
, . . that show what your eyes 
will behold from the roaring 
take-off, through outer space, 
to your close-up view of our 
solar system. All that rocket 
science now knows about such 
a trip and the few problems yet 
to be solved are graphically 
set forth to bring this dream 
of centuries closer to reality 
for every reader. 


^CONQUEST 
SPACE ^ 


piecautions/’ it says, “is to tliscouiage 
participation in reseaicb activities closely 
linked to the nation’s well-being Scien- 
tists aie mcreasingly leluctaiit to commit 
then personal and professional reputa- 
tions to those who have brought fiivolous 
chaiges against respected colleagues ” 

To illustrate the operation of the 
cleaiance system and of the Federal loy- 
alty ordei in piactice, the Committee 
cites a number of cases. 

In one case the leliability of an 
Atomic Energy Commission em- 
ployee was questioned because a 
neighbor had asseited that the em- 
ployee’s mothei -in-la\v was a Com- 
munist. On investigation it turned 
out that the neighbor had reached 
this conclusion because she had 
heaid that the FBI had been in the 
neighboihood making inquiries 
about the employee. 

In another case a scientist was 
asked by a loyalty hoard whether 
his contribution of $250 to the 
United Jewish Appeal did not per- 
haps evidence “too much sympathy 
for the underdog.'' 

Another scientist was called upon 
to explain her possession of an al- 
bum of Paul Robeson records 
A well-known scientist (Edward 
U, Condon) was asked whether he 
was not disrespectful of the oldei 
ideas m physics. He leplied drily 
that he had always been m favor of 
Archimedes’ principle. 

The Committee notes with concern 
that even universities, in some cases, are 
making security clearance a condition 
for employment of scientists It recom- 
mends that its 77-page repoit, contain- 
mg a long list of lecommendations, be 
submitted to President Truman and be 
published by the A. A A S. 
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if 1 return book within ten doys, | 

Q Check enclosed. (Send postpoid ) j 

Nome - ! 

Address 1 

City__ 2one^_Stofe \ 

^ 


Fctlse Polio 

I N the past five years, 1944-1948, the 
number of reported poliomyelitis 
cases in the U. S. has more than doubled 
over die previous five-\ear period. This 
year s total may reach 35.000, the hugest 
on record. Do these figures represent an 
actual increase of such proportions in in- 
fantile paralysis? Are all the cases now 
being reported reaUy polio? 

Three physicians at the Yale Univer- 
sity School of Medicine have just re- 
ported some evidence that they may not 
be. During the 1948 epidemic these in- 
vestigatois,' Joseph L. Melmck, Ernest 
W. Shaw and Edward G, Ciunen, dis- 
covered a new virus which produces 
syanptoms Hke tliose of polio. One physi- 
cian studying this virus was accidentally 
infected with it. He had a slight stiffness 
m the back and a fever that lasted for 
eight days, but the disease left no harm- 
ful effects. The investigators found the 
same virus in many supposed “polio” 
patients. Tests on animals showed that 


it was not a polio viius it failed to pio- 
duce polio symptoms m poho-susceptible 
monkeys but did pioduce disease in 
newborn mice that were immune to 
polio. 

The Yale woikeis identified the new 
virus in more than 50 per cent of a group 
of patients in Connecticut and Rhode 
Island whose illness had been diagnosed 
as polio. They also found it in many 
tissue samples from “polio” patients m 
Noith Caiolina and Ohio. Says Melmck 
“It IS believed that a sizable percentage 
of [the 28,000 repoited cases ol polio 
in the U. S in 1948] may have been 
falsely diagnosed as poliomyelitis and 
were actually attributable to this new 
viius. We have leasoii to think that this 
may be a faiily common disease.” 

All this emphasizes the great need ioi 
a simp lei and moie reliable test for polio 
than IS now available. Such a test may 
be forthcoming by next year. A group of 
workers is now experimenting with a 
method of diagnosis which may be as ef- 
fective for polio as the Wasseimann test 
is for syphilis. 

The Accident-Prone 

Q OME people seem to have a talent fur 
O getting into accidents. Many psy- 
chologists believe that this pi oneness to 
accidents is often a symptom of neurosis, 
the lesult of an unconscious urge to self- 
injmy. Some psychiatrists have reported 
that people who have lepeated accidents 
tend to be emotionally maladjusted. Be- 
cause of the important implications of 
this theoiy, especially in mdustiy, the 
U, S. Public Health Seivice has begun 
to look into it. 

In an Indianapolis manuf actui mg 
j^lant Frank J. Harris, a P, H S. staff psy- 
chologist, caiefully examined 37 often- 
injured wozkers and 33 who were raiely 
injured. He gave tliem personality tests 
and tests of manual skill, and studied 
their habits— whethei they liked to gam- 
ble, how many childien they had, how 
often they changed ]obs, and so on. None 
of these tests, Hains now repoits, 
showed any significant differences be- 
tween the accident-prone and accident- 
free groups. In a talk to the American 
Psychological Association, Hams said 

“I will hazard the statement that acci- 
clent-proneness, implying a psychologi- 
cal predisposition to get hurt, may have 
been greatly overrated ... I am not so 
heretical as to say that industrial acci- 
dents are accidental. However, I would 
leave with you the thought that the re- 
search woiker might do well to concen- 
trate less on personality and more on 
obvious liazaids and malpractices.” 

Muscle Engine? 

T he cyberneticists believe the day is 
not far off when engineers will be 
able to build physical machines that lie- 
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have like biological oigamsms. Some 
biologists think it is equally legitimate to 
dream of building biological mechan- 
isms that could function like physical 
machines. They have long amused them- 
selves by speculating about designing 
biological machines that would run on 
chemical reactions like those in living 
cells, instead of on coal oi electricity. 
They have spoken of hainessmg the bio- 
lummescence of fiieflies to make lighting 
systems, of imitating the leactions in 
neive cells to cieate electiic powei. 

Now comes woid that chemists at the 
Weizmann Institute m Isiael have taken 
such a scheme a step beyond the talking 
stage. They aie working on an engine 
that would operate something like a liv- 
ing muscle. The Israelis have developed 
a synthetic rubbei composed, like human 
muscle, of long-chained, high-polymer 
molecules. The mateiial expands in acid, 
contiacts m alkali. Compounds of this 
kind are well known to chemists. The 
Institute experimenters propose to build 
an engine consisting of strips of this 
muscle-hke substance immersed in watei 
and attached to a lod. By rapidly chang- 
ing the chemical balance in the water, 
alternately making it acid and alkaline, 
they hope to make the strips expand and 
contiact lapidly, thus moving the rod 
back and loith like a piston. If that 
woiks, the lod will he attached to a 
wheel—and the biological engine will be 
complete. Whether it wdl do useful work 
is anothei question. 

Thinking Machine 

E ngineers have moved a step 
closei to tlieir goal of pioducing a 
machine that will outwit man. Robert 
Haufe of the California Institute of 
Technology demonstrated at a ineetmg 
of the American Institute of Electrical 
Engineeis a machine, containing some 
30 telephone relays, that plays ticktack- 
toe. Its human opponent always gets the 
iirst move, and normally the machine 
nevei gets worse than a diaw. It is 
equipped, however, with a 'poor-play- 
ing'' switch which changes its circuit 
characteristics so that a good player can 
beat it from time to time. 

Miranda 

T he fifth moon of the planet Uianus, 
discovered over a yeai ago by Geraid 
P. Kuiper of the McDonald and Yerkes 
Obseivatoiies, has finally been named. It 
would have been logical to name it for 
one of the Titans, the children of the 
Greek god Uranus, but the Titans' names 
have all been used for Satm*n's moons. 
So Kuiper turned to the more recent 
mythology of Shakespeare, which has al- 
ready furnished names for tliree Uranus 
moons— Oberon, Titania and Ariel. He 
named the small fifth moon Miranda, the 
'little cherub” of The Tempest. 
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PHOTO-COPYING MACHINE 



New! Speedier! More Economical! 


Makes 3 (i8"x24") 
Prints a Minute 


of anything written^ printed, drawn 
or photographed 

DAYLIGHT OPERATION 
NO DARKROOM REQUIRED 


If your business needs copies of plans, charts, blue- 
prints, payrolls, contracts, correspondence, photos, clip- 
pings, etc FOTO-FLO will pay for itself many times over 
in time, money and man power saved! 

FOTO-FLO produces exact, error-proof photocopies in 
any quantity, in actual, enlarged or reduced size. Manu- 
facturers, banks, insurance companies, newspapers, de- 
partment stores, universities, government departments and 
others will find it invaluable. NEEDS NO DARKROOM. 
Eosy to install. Anyone can learn to operate FOTO-FLO. 
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ATLAS SLIDE RULE 
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Combination Atlas-Binary Slide Rule 

Has Atlas scales on one side, with 2 indicators, Binai-y 
scales on revoi se side vi ith 2 mdicatois. Made of metal, 
Iieimancntly accurate Price $12 00 In case With in- 
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We have many thousands of unsolicited testimonials 
on these rules Descriptive circulais free Satisfaction 
Kuaranteed 
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Box 993 SA, Stuart, Fla, 
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sy LINGUAPHONE 


You learn Ihrough natural everyday conver- 
sation . . . with effortless ease and real 
pleasure. First you LISTEN and In an amaz- 
ingly short time you SPEAK, with correct 
accent and the right swing. 

In your own home you can study alone in 
privacy or have wife and children or friends 
join you m a delighlful pastime that is an 
asset in a career, business, profession ond 
for cultural enjoyment. 

It will take you only 30 minutes a day to 
master any of 29 important languoges the 
Linguaphone Way. 

SPANISH FRENCH 

PORTUGUESE GERMAN 

ITALIAN RUSSIAN 

or 23 other languages 
Linguophone courses were made astonish- 
ingly simple, easy and practical by more 
than 150 expert linguists of international 
fame. Endorsed by educators, used by col- 
leges, schools and the choice of more than 
one million home-study students. 

'SEND FOR FREE BOOK 

[ LINGUAPHONE INSTITUTE, 

[ 20 RCA Bldg,;, New York 20, N. Y. 

\ Send ms the FREE LInauaphone Book. 

» I want to learn language. 

I Name . 

* Address City 
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Although the disease claims steadily fewer victims, it is 
still imperfectly understood. Recently the problem has 
been approached by ivay of the tubercle bacillus itself 


I AST year 45,000 persons died of 
tubei culosis in the U . S . This death 
rate— 30 per 100,000 population— 
is the lowest on lecoid, and it is probable 
that the 1949 tuberculosis moitahty will 
be even lowei. The White Plague is no 
longer the most terrible affliction of 
civihzation. Yet man is still fax from the 
final conquest of this disease. 

Tuberculosis lemains the most impor- 
tant single cause of death in the age 
gioup 15 to 35. Theie aie in the U S. 
inoie than 500,000 individuals of all 
ages who suffer, in great or small degree, 
from active clinical forms of the disease. 
Indeed, it is a sti iking though not wide- 
ly appieciated fact that very few city 
dwellers escape infection with tubercle 
bacilli at some time or other m theii life- 
times. You as an individual may have 
remained unaware of your infection. 
But the widespiead occuiience of the 
disease is well known to the pathologist, 
who often finds definite tubei culous le- 
sions in the bodies of adults reaching the 
autopsy table after death from othei 
causes, such as automobile accident, 
suicide or old age. The immunologist 
also knows that many people who have 
never noticed tuberculosis symptoms 
give a positive tuberculin test, that is, a 
stiong skin reaction to the injection of 
die extract of tubercle bacilli known as 
tuberculin— which is evidence of past or 
present tuberculous infection. In the 
words of the old physician: ‘'Everyone 
has, has had, or will have a little tuber- 
culosis.” 

There was a time when the relation 
between the tubercle bacillus and man 
had a grimmer aspect. As John Bunyan 
put it. "The captain of all [the] men of 
death . , . was the Consumption.” A 
hundred years ago tuberculosis was in 
truth the captain of the men of death 
in the Western world. Its annual death 
rate was then of the order of 300 per 
100,000 population— at least 10 times the 
present rate. This was true in Boston, 
New York, Philadelphia and Charleston, 
as well as in London, Paris and Berlin. 
Many of the most celebrated men and 
women of the 19th century died of tu- 
berculosis or suffered from it: Friedrich 
Schiller, John Keats, Percy Bysshe Shel- 


by Reiie J. Dubos 

ley, Anne, Cliailotte and Emily Bionte, 
Fredeiic Chopin, Nicolb Paganini, Hon- 
01 e de Balzac, Alfred de Musset, Eliza- 
beth Bi owning, Henry David Thoreau, 
Ralph Waldo Emerson, Anton Chekhov, 
Marie Bashkirtsev, Robert Louis Steven- 
son, Cecil Rhodes. To these names 
should be added a long list of distin- 
guished physicians, many of whom died 
of tuberculosis while engaged m the 
study of it. Indeed, so many of the fam- 
ous childien of the 19th century lived 
and died tuberculous that people 
thought there must be some tiagic and 
mysterious relation between tuberculosis 
and genius. But tuberculosis affected 
with equal seventy all intellectual and 
social strata and all age groups. It cast 
so heavy a shadow over society that it 
was darkly reflected in much of the ht- 
eratuie of the Romantic Age, it was, foi 
instance, a cential theme in La Boheme 
and La Dame aux C amelias. 

The Turn 

And then the White Plague began to 
wane. Sometime around 1860-1870 the 
tuberculosis mortality rate began to de- 
crease in Europe and the U. S. Fiom a 
peak of approximately 400 per 100,000, 
it had come down to less than 200 at the 
begimnng of the present century. Except 
for short, local flare-ups associated with 
influenza epidemics and the two world 
wars, it has continued steadily to decline. 

When physicians became convinced 
that tuberculosis was a contagious dis- 
ease caused by a specific bacillus, it ap- 
peared for a while that it would be a 
veiy simple problem to eradicate the 
disease. Let public health officials trace 
the human carriers of the infection and 
devise techniques to prevent the trans- 
mission of bacilli from one person to an- 
other; the chain of infection could thus 
be broken and tuberculosis would disap- 
pear from our midst. In fact, by apply- 
ing this simple principle tuberculosis has 
been almost entirely eliminated fi-om the 
cattle of the U. S, For some 30 years the 
Bureau of Animal Industry of the De- 
partment of Agriculture has carried out 
a most effective campaign for the detec- 
tion (by tire tuberculin test) and elimi- 


nation (by slaughtering) of tuberculous 
cattle 

But the ruthless techniques used with 
cattle cannot be applied to human be- 
ings, even in the most regimented so- 
ciety. Too many of us would have to be 
slaughteied, and if all Americans in- 
fected with tubei cle bacilli were to be 
segregated m sanatoria, few would be 
those allowed to remain outside the 
gates. 

Although eradication of the tubercle 
bacillus from human societies is not in 
sight, fortunately m many places man 
now appears fiir better able than were 
his ancestors to accept the presence of 
tire bacillus without too much incon- 
venience. The fact that tuberculosis 
mortality has decieased more than ten- 
fold in the last century is a gieat achieve- 
ment of which modem man is justly 
pioud. But his pride is tempered by the 
realization that no one knows exactly 
how this achievement was brought 
about. Tuberculosis, like leprosy and 
seal let fever, is being conquered in spite 
of the fact that we do not completely 
understand it. 

The ti uth IS that tuberculosis mortali- 
ty began to decrease two decades before 
the tubercle bacillus was discovered; 
half a century before the wide adoption 
of such measures as early detection, 
segregation of patients in sanatoria and 
treatment by bed rest, pneumothorax 
and other forms of collapse therapy; al- 
most a century before the first specific 
anti-tubercular drugs (streptomycin and 
para-amino sahcylic acid) became avail- 
able, and before vaccination was even 
considered in the Anglo-Saxon world. 
How, then, can one account for the 
downward trend that began around 
1860? Many explanations have been 
suggested. A mere listing of a few of 
them will illustrate the complexity of 
the problem and the necessity for a 
many-sided approach to control of the 
infection. 

Tuberculosis reached a very high peak 
in Europe and in the U, S* at the begin- 
ning of the Industrial Revolution when 
vast numbers of human beings began to 
move from the rural areas to cities where 
crowding, dirt and poor nutrition pre- 
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ROBERT KOCH, wlio discovered the tithercle hacillns Koch did not know, however, that the serpentine pattern 
in 1882, published this drawing of the bacilli in 1884. was characteristic only of virulent bacillary strains* 



^EX^’BER Mymioy, a Russian cytologist work- above in 1928. This strain of tubercle bacilli, be ob- 
mg at the University of Chicago, published the drawing served, exerted a destructive effect on mammalian cells. 





vailed. This state of- insaliibiious living 
probably contributed to increasing the 
pievalence and seventy of inlectious 
diseases. Aioimd the middle ol the 19th 
century, retoimeis and public-mmded 
citizens started to pi each the viitues of 
puie air, pure food, pure water and less 
promiscuous spitting. Many hygienists 
claim that it was this sanitary awakening 
that turned the tide against tuberculosis. 
Others think that the chief factor was 
a steady increase in the abundance and 
variety of foodstuffs, lesulting m better 
nouiishment of the population. 

Still others believe that the major fac- 
tor was genetic The human strains most 
susceptible to tuberculosis weie prac- 
tically wiped out by the scoiiige duiing 
the 19th century As the victims often 
died too young to leave any progeny, 
there occmrcd a natural piocess of se- 
lection of those most lesistant to the 
disease. Hence the present human stock 
has greater natural resistance. 

All these reasons sound plausible, but 
theie is as yet no technique available to 
establish then validity or the lole played 
by the various factors in the natui al his- 
toiy of tuberculosis. Of one fact, how- 
ever, we can be almost certain, the bacil- 


lus itself has not changed much. It is still 
as virulent as it was m the days of the 
White Plague. This is indicated by 
countless experiments on animals, and 
in a moie dramatic manner by recent 
epidemic outbreaks of tuberculosis in 
ceitain human populations. The gallop- 
ing consumption of om grandparents, 
now raie among us, still has the power 
to ravage susceptible peoples. Foi exam- 
ple, it played havoc with the Polynesian 
islandeis when the Europeans began to 
establish wide contact with them In the 
1914-1918 war, it was more effective 
than Geiman guns in destroying the 
Senegalese tioops bi ought to the Fiench 
hont from Occidental Africa Today it 
luns high among the American Indians 
on the leseivations of Ai'izona and Cana- 
da. In the aftermaths of tlie two world 
wars of om century, epidemics leap- 
peaied in Europe wherever physiologi- 
cal miseiy became great. And in many 
countries of Latin America, in the tropi- 
cal cities of India and China, and undei 
the cold skies of Greenland, tuberculosis 
still reigns as the captain of the men of 
death 

It IS deal, then, that the bacillus, al- 
though a necessary condition to clinical 


disease, is not in itself sufficient. The 
miciobe needs a feitile soil. It pxoduces 
clinical tuberculosis only when the incli- 
viduaPs hereditary constitution, physio- 
logical disturbances, emotional upsets, 
oveiwoik and other excesses prepare the 
giound. 

Thus there are two aspects of the 
disease to study the conditions in the 
body that enable the bacillus to produce 
disease, and the bacillus itself. To under- 
stand the modern work on these prob- 
lems, it is useful to leview the histoiy 
of tuberculosis reseaich. 

Early Investigatois 

As eveiybody knows, the most ad- 
vanced medical thinking of antiquity 
was codified in the writings of Hippoc- 
lates. Whether he was meiely a legen- 
dary hero 01 a flesh-and-blood character, 
Hippociates symbolizes the gieat Creek 
school of medicine which fiomished on 
the Island of Cos during the fourth cen- 
tury B.C. This school was the first to 
teach that diseases were not visitations 
fiom capricious gods, but the results of 
natural causes. Hippocrates was well 
acquainted with consumption He de- 



ANOTHER STRAIN of tubercle bacilli, Maximov ment, however, on important fact that virulent bacilli 
showed, had little effect on cells. He failed to com- formed serpentine pattern and aviriilent bacilli did not 
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MORTALITY RATE of tuljerculosis lias declined in 
some parts of the world since the middle of the 19th 
century. The three lines on this chart plot the mortality 
rates in the U. S., in Massachusetts and in England and 


Wales. The U. S. rate is indicated by a solid line; the 
Massachusetts rate by a dotted line; the English and 
Welsh rate by a broken line. The figures at bottom arc 
years; those at left, deaths per 100,000 population. 
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CHILD MORTALITY RATE in England and Wales has 
likewise decreased since the beginning of this century. 
At the time of World Wars I and II, however, the rate 
increased sharply. The figures across the bottom of tliis 
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drawing again denote years. Figures in the vertical col- 
umn at left are arbitrary units based on the death rate 
of 1938. Figures were derived from deaths due to all 
forms of tuberculosis in children younger than 15. 
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sciibed its symptoms and course with 
maivelous accuiacy, noting fuitbeimoie 
that the disease appeared to be heredi- 
tary and was moie common among indi- 
viduals of a certain physical type and 
among those living in certain places. But 
nowhere do his writings mention the 
possibility that consumption might be 
caused by a living agent brought to the 
patient from the outside. The “geim” of 
tubeiculosis, now ghbly discussed by 
even the most uneducated layman, had 
no place m the medical philosophy of 
ancient Greece. 

The Hippociatic view that consump- 
tion was an inborn distiubance of the 
body aggiavated by envii onmental cir- 
cumstances pi evaded until tlie middle of 
the 19th centuiy. Duiing the long eia 
fiQin Hippocrates to Koch, physicians 
were much concerned with describing 
the various mamlestations of tlie disease 
and the factors affecting its course and 
outcome, but few paid any heed to 
its contagiousness. In his PlitJiisiologia, 
published in 1689, the gieat English 
clinician Richard Morton listed "impru- 
dent diet, ovci study, thick smoky air, 
and troublesome passions'’ among the 
most important causes of tuberculosis. It 
is not known which of these causes led 
him to fall victim to the disease— as his 
father had befoie him, and as his son 
did after him. Another student of the 
disease, William Staik of Birmingham, 
also died tubeiculous, in 1771, at the 
age of 29, alter having been the fiist to 
state clearly that many varied afflictions 
were in reality diflerent aspects of tu- 
berculosis. In France, Gaspard Bayle 
(1774-1816) substantiated this view by 
showing that eaily and advanced pul- 
monary tuberculosis were two successive 
stages of the same disease. It was Bayle 
who first used the word "miliary" to de- 
scribe small tuberculous lesions— because 
of their lesemblance to millet grains. 
Aftci having studied and performed 
post-mortem examinations on 900 tuber- 
culous patients, Bayle too died tubercu- 
lous, at the age of 42. 

Most famous of all the students of 
tuberculosis who died of the disease was 
Bayle’s close friend, the brilliant and 
fiery Rene Theophile Hyacinthe Laen- 
nec (1781-1826). In 1802 he was ap- 
pointed to teach morbid anatomy in the 
Paris School of Medicine to replace the 
celebrated M. F. X. Bichat, who had 
just died of tuberculosis at the age of 
31. Laennec struggled with several acute 
attacks of the disease before he finally 
died of it at the age of 45. In the course 
of his short hfe this wasted, hollow- 
cheeked little man managed to contrib- 
ute to medicine several fundamental 
discoveries, among them the invention 
of the stethoscope and its application to 
the diagnosis of pulmonary and cardiac 
diseases. By careful listening with the 
stethoscope Laennec gained an uncanny 



INDIVIDUAL BACILLI of tuberculosis are revealed by the electron micro- 
scope. Some investigators have suggested that the translucent rim around 
each bacillus is a resistant waxy capsule. Election micrograph was made by 
the Radio Corporation of America. It magnifies bacilli 40,000 diameters. 



INGESTED BACILLI appear as dark flecks in lighter phagocytes. Virulent 
tubercle bacilli immobilize these scavenging white blood cells; avirulent 
bacilli do not. This photomicrograph was made by Hubert Bloch at the 
Rockefeller Institute for Medical Research. It magnifies 2,040 diameters. 
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knowledge of the signs of piilmoniuy 
tubeiculosis. He coirelated these obser- 
vations with die types of lesions found 
in autopsies upon patients who died. In 
this way Laennec established beyond 
doubt that many pathological conditions 
previousl} assumed to be unrelated in 
oiigin w'ere m leality diffeient forms of 
the same disease. All weie cbaiacterized 
by the piesence m the tissues of abnoi- 
mal giowths which he called “tubercles,” 
whence the disease eventually got its 
name. Yet Laennec, despite his immense 
knowledge of the clinical and pathologi- 
cal aspects of the disease, failed to tiace 
its oiigin to a parasitic agent and never 
was entirely convinced that it was con- 
tagious 

Koch’s Discovery 

One of the fiist to insist that tubercu- 
losis was infectious was the English 
epidemiologist William Budd, who stated 
in 1867: “The tuberculous mattei itself is 
(or includes) the specific morbific mat- 
tei of the disease, and constitutes the 
mateiial by which phthisis is propagated 
horn one person to anothei, and dis- 
seminated through society'.” At about 
the same time the French military sur- 
geon Jean Antoine Villemm had also 
come to believe that tuberculosis was a 
contagious disease and that soldieis con- 
tracted it from their infected messmates 
Moreover, he had shown in 1865 that it 
was possible to make rabbits tuberculous 
by injecting into them tubercle mateiial 
fiom human beings or cows. But his ob- 
servations ancl expel iments remained 
largely unheeded by the medical woild 
until Robert Koch (1843-1910) brought 
to tbeii support the ov'erwhelmmg evi- 
dence derived from the newly developed 
techniques of bacteriology. 

Koch was 39 when on March 24, 1882, 
he presented before the Physiological 
Society of Berlm a paper in which he 
demonstiated wnth an iiici edible wealth 
of convincing evidence that tubercles 
contained a peculiar small bacillus. This 
bacillus was very difficult to detect, it 
offered unusual resistance to staining by 
ordinary aniline dyes, and it multiplied 
so slowly that often weeks elapsed before 
its growth became evident even on the 
most favorable culture media. When 
pure cultures of the bacillus were in- 
jected into animals, tliev caused tuber- 
cles to form in the animals' tissues, and 
from these tubercles in turn bacilli could 
be recovered at will The germ theoiw of 
disease was not entirely new when tliese 
discoveries were reported in 1882; Koch 
himself had established one of the first 
landmarks of tlie new science by culti- 
vating the anthrax bacillus in 1876, But 
what gave particular glamor to his new 
achie\'ement was the tremendous social 
importance of tuberculosis in the 19th 
century, and the technical difficulties in- 


volved m the detection and cultivation 
of its causative agent. 

This papei of Koch is legarded by 
many medical historians as the most 
spectacular pronouncement in the his- 
tory of medical bacteriology, but Koch’s 
disco veiy left unansweied most of the 
problems of clinical tubeiculosis. As we 
have aheady seen, the presence of the 
bacillus is only one factoi in the devel- 
opment and seventy of tubeiculosis. 
Good and abundant food and thorough 
lest horn mental woiiies as well as fiom 
physical effoit are regaided by even 
physician as the most effective weapons 
against the disease, although it is not at 
all deal how physiological well-being 
and mental rest can increase the ability 
of our tissues to cope with the bacterial 
invader. It is in this field of reseaicb that 
are to be found the most important prob- 
lems of tuberculosis, but unfortunately 
physiological science has not yet begun 
to deal with them. At the most it has 
helped in the improvement of certain 
surgical techniques and practices, such 
as therapeutic collapse of the lung. These 
measures, though helpful, obviously do 
not deal with the fimclamental natuie of 
the disease 


The Bacillus 

What about the other side of the 
problem the bacillus itself*'^ 

The most important tool for the detec- 
tion of tubeiculosis is X-ray photogra- 
phy. Several other diseases, howevei, 
show abnormalities so sunilar to tubei- 
culous lesions that convincing diagnosis 
must finally rest on the finding of tuber- 
cle bacilli. Thus the development of 
techniques for the identification of the 
bacilli is undoubtedly one of the most 
useful contributions of bacteriological 
science to the knowledge of tuberculosis. 
Besides these techniques, the tuberculin 
test also has diagnostic value, though it 
selves a somewhat different purpose. As 
we have noted, any individual who was 
once infected vnth tubercle bacilli ex- 
liibits an mci'eased sensitivity, or allerg\% 
to the toxic effect of tuberculin, an ex- 
tract of these bacilli. In otlier words, 
allergy to tuberculin reveals a past con- 
tact with the organism, but it does not 
necessarily mean that tlie induddual still 
has or has had the disease in an active 
form. So in practice the tuberculin test is 
used mainly as a convenient method foi 
ascertaining the prevalence and distri- 
bution of tuberculous infections in a 
given community\ 

The knowledge that tuberculosis is a 
gei-m disease has of course stimulated a 
long and industrious search for drugs to 
treat it. The most spectacular fruits of 
this search have been streptomycin and 
para-amino salicylic acid (PAS') . These 
substances help in controlling tlie disease 
by interfering with the multiplication of 


the bacilli in the tissues. Whatevei then 
usefulness, howevei, it is unlikely that 
these diugs, oi any that may follow them, 
will ev^ei constitute the final solution to 
the problem of tuberculosis. The ulti- 
mate goal IS not to treat the patient, but 
rathei to prevent the development of the 
disease. 

A step m this diiection, though a very 
short and unceitam one, is the vaccine 
known as BCG. BCG is a weak sham of 
tubercle bacillus ivhicli lacks the powei 
to cause the piogiessive and fatal disease 
but letams the ability to elicit in the in- 
dividual in whom it is injected a cei tain 
level of lesistance against the moie viru- 
lent shams. The initials BCG stand for 
Bacillus of Calmette and Gueim, the 
names of the two Fiench bacteiiologists 
who isolated the sham moie than 30 
yeais ago and first advocated its use for 
vaccinahon of human beings and cattle 
The BCG problem is so controvei sial 
and technically so complex tliat it would 
not be advisable to discuss it in detail in 
this article. Let us note m passing, how- 
ever, that the sham BCG illushates the 
lact that tubercle bacilli may undeigo a 
type of heieditaiy vaiiatioii which re- 
sults m loss of viiulence— a piopeity 
which we shall consider presently. 

Although the geim theory has found 
so many applicahons, it has not thrown 
much light so far on the mechanism b\ 
which the tubeicle bacillus produces dis- 
ease. What weapons does it possess that 
enable it to become established m hu- 
man tissues and to cause theie the typical 
lesions of tuberculosis? This question has 
engaged the attention of our laboratory 
at the Rockefeller Institute for Medical 
Research dining the past four years, and 
for that reason I shall deal with it m some 
detail as an example of the laboratory 
attack on the bacteriological aspects of 
the problem. 

Peculiar Organisms 

The tubeicle bacilh belong to a huge 
natural family of microorganisms com- 
monly designated as “acid-fast” because, 
once they have been stained with cer- 
tain aniline dyes, they are resistant to 
decoloiization by acid treatment. These 
acid-fast bacilli are veiy widely distrib- 
'uted in nature; they are normally present 
in the human body, on objects such as 
rubbei tubing, in certain foods such as 
butter, on many plants, and in soil and 
water. Yet of all these acid-fast micro- 
organisms, veiy few species can cause 
disease in animals or man. How do the 
disease-producing species differ fiom 
tlieh imiocuous relatives? 

When we decided to attack this prob- 
lem, a technical difficulty at once pre- 
sented itself. Unlike most other micro- 
organisms, the tubercle bacilli are not 
readily wetted by water. Their surface 
repels water like a duck s back. Conse- 
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AVIRULENT BACILLI of tu])erciilosis in a liquid me- in the surface characteristics of individual avirrilent 

diiim tend lo gather in disoriented clumps. It was first bacilli. The photomicrograph was made lay the hacteri- 

siiggestcd lay the investigators of the Rockefeller Insti- ologist Hubert Bloch at the Rockefeller Institute. It 

tutc that this phenomenon was the result of a variation magnifies the clump of bacilli by 1,520 diameters. 



VIRULENT BACILLI of tuberculosis form long, ers the entire surface of their medium. Dark specks in 
sinuous chains. This is apparently due to the fact that photomicrograph are granules in individual bacilli, 
they, unlike the avirulent bacilli, adhere to each other Photomicrograph was made by Hubert Bloch at Rocke- 
side by side. The chains form a thin ‘"pellicle’^ that cov- feller Institute. It magnifies bacilli by 1,520 diameters. 
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AVIRULENT BACILLI form round colonies when 
they are grown on the surface of agar. These are much 
larger than the chinix> that appears at the top of the pre- 
ceding page. The photomicrograph, made hy Gardner 


Middlehrook at the Rockefeller Institute, enlarges them 
only 90 diameters. The colonies grow as the bacilli mul- 
tiply; they stop growing when bacilli have used up near- 
by nutrients or produced an excess of toxic substances. 



VIRULENT BACILIJ form curiously coiled colonies 
when they are grown on the surface of agar in the same 
manner as the bacilli at the top of this page. The col- 
onies tend to spread out rather than pile up. At the far 
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left a young colony has sent out tendrils of the character- 
istic virulent chains. This photomicrograph was made 
hy Henriette Noufflard at the Rockefeller Institute. It 
magnifies the colonies of tubercle bacilli 230 diameters. 


quently m any cultuie medium usuig a 
watei solution populations of tubeicle 
bacilli have a tendency to giow in the 
lorm ol clumps oi thick "'pellicles” con- 
sisting of millions or even billions of cells 
which adheie fiimly to one another in- 
stead of becoming evenly dispersed 
thioughout the medium. This peculiar 
mode of growth makes it difficult to pie- 
pare homogeneous bacterial suspensions 
and thus limits the possibility of doing 
quantitative work on samples of the cul- 
ture. M 01 cover, the bacilli located in the 
center ol the huge clumps or pellicles 
aie under physiological conditions lar 
different fiom those pievailmg at the 
peiipheiy where air and food are readily 
available This results in maiked varia- 
tions m the bacteiial population and 
increases the complexity of experimental 
woik. . 

The answei to our problem came from 
chemical technology. Most people will 
probably lemember a chemical experi- 
ment that was widely publicized in a 
commercial film some 10 yeais ago, A 
duck was shown floating with ease in a 
tank of water. Then a small amount of 
a detergent, oi wetting agent, was 
dropped into the tank, and the duck’s 
leathers immediately began to lose their 
water lepellcncy and became soaked. 
The last stage of the expeiimcnt .showed 
the poor bud sinking helplessly despite 
its fi antic efforts to lemain afloat. What 
had happened was that the detergent 
permitted the watei to penetiale the thin 
coating ol oil beneath the duck’s featheis 
which tiaps air and keeps the bud afloat. 
This released the air and destroyed the 
duck’s buoyancy. 

It was this sad expeiience of the duck 
that suggested a suitable technique for 
cultivating the tubercle bacillus. We 
found that ceitain wetting agents— in 
limticnlar polyoxyethylene esters of oleic 
acids and polyoxyethylene derivatives of 
SOI bitan monoole ate— when added to 
otheiwise adequate cultuie media, aie 
capalile of rendering the surface of tu- 
bercle bacilli wettable by water Thus it 
became possible to obtain homogeneous, 
well-dispersed bacterial populations, in- 
stead of the large clumps or thick pelli- 
cles produced by the conventional culti- 
vation techniques. 

Virulent and Benign Strains 

The solution of this technical difficulty 
greatly facilitated many bacteriological 
operations and permitted a more rapid 
investigation of our central pioblem: the 
mechanism of virulence. The term viru- 
lence itself is something of an abstrac- 
tion; it merely means that a certain mi- 
croorganism can behave as a pajasite for 
a certain animal or plant. In order to find 
some suggestion as to what the concrete 
physicochemical basis of this property 
might be, we undertook a comparative 
study of virulent and avirulent strains of 


tubeicle bacilli, in the hope that we 
could theieby lecogmze some specific 
diffeiences coi related with the ability to 
cause disease. 

Foitimately tubercle bacilli undergo 
variation like all other living things, and 
they can mutate in such a manner that 
their progeny differ in some details from 
the original paient strain. Thus the viru- 
lent bacilli can give use by mutation to 
foims which have lost the ability to in- 
duce disease, it is almost certain, for 
example, that the BCG strain oiigmated 
fi om such a mutation. 

It has long been known that the viru- 
lent and aviiulent variants of tubeicle 
bacilli do not behave in the same way 
towaid the cells of animal tissues Some 
20 yeais ago the Russian cytologist 
Alexandei Maximov, then woiking m 
Chicago, observed that the viiiilent 
bacilli exeited a desti’uctive effect on 
animal cells gi owing in the test tube, 
wheieas the avirulent bacilli failed to 
cause any obvious damage Does this 
mean that the viiulent foims liberate 
some peculiar substance that is toxic to 
the tissues^ That would be a natural con- 
clusion, foi as eveiyone knows this is 
piecisely what happens in ceitain com- 
mon disoideis; for example, in diph- 
theria and tetanus the damage is done by 
powerful poisons, or toxins, which aie 
leleased into the body by the coire- 
sponding bacilli. 

In the case of tuberculosis, we have 
a potentially iDoisonoiis substance, name- 
ly, tubeicuhn, to which, as already men- 
tioned, human tissues become sensitive. 
Tuberculin is a protein fi action of the 
tubercle bacillus. But it was found that 
tuberculin is produced by the avirulent 
as well as tlie virulent bacilli, and both 
forms are capable of sensitizing tlie body 
to its toxic effect. Tuberculin, therefore, 
cannot be the primary cause of virulence, 
although it certainly plays an important 
pai't in the manifestations of the disease. 

During the past two years there has 
come to light a type of subtle action of 
vii'ulent tubeicle bacilli which is not ex- 
hibited by the avirulent forms. Like 
most miciooiganisms, tubercle bacilli— 
virulent as well as avirulent— are readily 
ingested by the devouring white blood 
cells known as phagocytes. Under nor- 
mal conditions these phagocytes move 
about actively, especially when placed 
on certain types of surfaces such as 
plasma clots. Two years ago the Swiss 
bacteriologist Hubert Bloch began at the 
Rockefeller Institute a study of the be- 
havior of phagocytes which had ingested 
tubercle bacilli. His experiments, later 
continued in Basel and at the New York 
City Public Health Research Institute, 
where he is now working, showed that 
phagocytes which have engulfed aviru- 
lent bacilli continue to move about at the 
normal rate, whereas those that have 
taken up the virulent bacilli immediately 
become motionless. These observations. 


since confiimed and extended at the 
Rockefeller Institute by Samuel P. Mar- 
tin and Cynthia H. Pieice, piovide the 
first clue to a diiect physiological in- 
hibitory effect exeited by the viiulent 
bacilli on normal cells 

The Serpentine Pattern 

Gomjianson of the viiulent and aviru- 
lent bacilli has also revccded striking dif- 
ferences in then appeal an ce. Much of 
the pioneer work in this field ^\'as done 
by William Steenken of the Trudeau 
Sanatorium Laboiatory at Saianae Lake 
Like manv other woikers m tubeiculosis, 
Steenken became interested in the dis- 
ease because he himself had contracted 
it. Although unti allied m bacteiiology oi 
other medical sciences, he began to take 
pait in the activities of the Trudeau 
Sanatorium Laboratory as soon as he re- 
covered his health, and he has continued 
ever since to observe new and curious 
facts concerning tubercle bacilli. 

Steenken noticed that when the non- 
virulent variants aie allowed to multipl)' 
in oidinary liquid media, they tend to 
accumulate in the foim of isolated float- 
ing islands, which coalesce slowly as 
giowth proceeds. The virulent bacilli, 
on the contiaiy, tend to spread lapiclly 
over the whole suiface, covering it with 
a thin veil of giowth. These observations 
have been much extended at the Rocke- 
feller Institute by Gardner Middlebiook, 
another victim of the disease. He showed 
that tlie contrasting modes of giowth are 
the expression of vaiiant types of forces 
holding tlie bacilli togethei in the comse 
of their multiplication. Under normal 
conditions, the avirulent mutants grow 
m the foim of shapeless clumps, whereas 
the virulent bacilli adheie to each other 
sidewise, a fact which gives to their 
giowth a highly characteristic, oriented, 
serpentine pattern. Interestingly enough, 
this serpentine pattern ol growth was 
stinkmgly visible in some of the very first 
micioscopic pictures of the virulent ba- 
cillus, obtamed by Koch m 1882, Maxi- 
mov, the Russian investigator whose 
tissue-cultnre studies we have already 
mentioned, also noticed this difference 
in the a^opearance of the vniilent and 
avirulent sti'ains Yet no one happened 
to attach any particular significance to 
it. 

There is as yet no precise knowledge 
of the nature of the forces which cause 
the virulent bacilli to orient themselves 
in the direction of their long axis. It has 
been observed, howevei, that the bacilli 
tend to lose tlieir characteristic orienta- 
tion and to separate into mdividual cells 
when they are cultivated in a medium 
containing wetting agents*This suggests 
that the orientation of the virulent bacilli 
may be due to the fact that they pos- 
sess a special water-repellent substance 
which is distributed over their surface in 
such a way that the bacilli can adhere 
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BEFORE wotting agent was inci eased to more than .05 per cent, virulent 
tubercle bacilli formed tbeir usual corded colonies. This experiment was 
performed by Vernon Knight of the Cornell University Medical College. 



AFTER wetting agent was increased to ,8 per cent, colonies were dispersed 
into their individual bacilli. This result supported the thesis that the viru- 
lent bacilli are characterized by water-i*ep client surfaces that stick together. 


to one anolhci only in a certciin peculiar 
pattern 

A Question of Metabolism? 

The virulent bacilli possess several 
other physicochemical characteristics not 
usually found m their completely aviiu- 
lent counteipaits Thus we have lecently 
obseived that they have the ability to 
bind to themselves neutial led (as well 
as otliei basic dyes) in the form of its 
bright led salt. This occuis even when 
the dye is added to the bacilli m ex- 
tiemely alkaline media, undei which 
conditions the dye ordinarily would be- 
come yellow And indeed it lemams 
yellow and unbound when exposed to 
miciooiganisms other than the virulent 
tubercle bacilli. This shows that the 
tubercle organisms possess some unusual 
structuial characteristics which differen- 
tiate them from other hving cells. 

The dye bound to the virulent tubercle 
bacilli can readily be dislodged from 
them by minute concentiations of certain 
basic gioups (ammonium ions and ali- 
phatic amines) . It is of particular mteiest 
that these same aliphatic amines, when 
used m concentrations adequate to pre- 
vent the binding of neutial lecl, can 
neutralize the power of the virulent 
bacilli to inhibit the movement of blood 
phagocytes tliat have engulled them. 
Since amines aie present in tissue and 
body fluids, heie is a vague hint that 
substances noimally produced by the 
body clui'ing metabolism may be able to 
counteract at least a part of the physio- 
logical eflFect exerted by the bacilli on 
the tissue cells. If this is true, it might 
open a new appioach to the study of how 
human beings' susceptibility or resist- 
ance to infection is affected by their 
metabolic characteiistics. 

Little by little, other differences be- 
tween the virulent bacilli and their vari- 
ant, benign foims aie being unveiled. 
Needless to say, it is possible, indeed 
bkely, that many of these differences 
bear no relation to viiulence. Neverthe- 
less, it appears legitimate to hope that 
this comparative approach may lead to 
the identification of the peculiar struc- 
tiures or pioperties that permit the tu- 
beicle bacilli to establish tliemselves, 
multiply and cause damage m the tissues 
of die body. Theie is intellectual satis- 
faction in thus elucidating the intimate 
mechanism diroiigh which a microscopic 
organism can behave as a parasite, caus- 
ing disease and death. Beyond this lies 
the long-range hope that the mvestiga- 
tion may help someday in formulating a 
more rational plan of attack against the 
‘'captain of all the men of death ” 


Rene J. Duhos is a jnemher 
of the Rockefeller Insti- 
tute for Medical Research, 
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WETTING AGENT MOLECULE proI)ably causes dis- Jjacillus’ hydropliobic surface (gray). Hydrophilic 
persion of virulent bacilli ])y tliis mechanism. Hydro- (watei’-attracting) etliyleiie oxide chains are repelled, 

phobic (watcr-rcpelling) fatly acid chain is attracted to The bacillus is thereby coated with hydrophilic chains. 



WETTING AGENT TABLE shows the effect of one lent colony in top row to assunif' shape of avirulent col- 
ageut on colonies such as those that appear on page 38. ony. This supports other ctndence that vimlence of 
Increasing the percentage of wetting agent causes vim- bacilli is associated with their surface characteristics. 
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The large numbers and various types of these companions 
in space are a problem to astronomy. The author’s theory 


relates them to the evolution of both stars and planets 


by Otto Struve 


T O the naked eye each star in the sky 
looks hke a solitary island, shining 
in lonely grandeur in an ocean of 
space. But on closer inspection with a 
telescope we can sometimes see, like a 
lookout on a ship approaching a distant 
shore, that what seemed to be a single 
island is actually a pair or even a cluster 
of islands. Indeed, composite stars ap- 
pear to be almost more the rule than the 
exception. In our own neighborhood of 
the hlilky Way, at least half of the stars 
are double or multiple. A famous exam- 
ple is Sirius, a double luminary consist- 
ing of a hot blue star and a slightly 
cooler and less massive companion that 
revolves around the primary star in a 
period of 50 years. As seen from the 
earth, these two companions at times are 
separated by two seconds of arc, about 
six ten-thousandths of a degree— a dis- 
tance that can readily he measured with 
a large telescope. 

Few double stais, or binaries, as they 
are called, are so widely spaced; most 
of them are coupled so closely that even 
when photographed with telescopes of 
the highest lesolving power they still ap- 
pear to be single stars. Yet we know’, 
just as surely as if w’e could see them, 
that they are actually double. One way 
of detecting binaiies is by observing the 
eclipse of one member of a pair by the 
odier. We can observe such an eclipse, 
of course, only when the plane of the 
common orbit in which the two stars 
revolve coincides with our line of sight; 
in odier words, when we see it edge 
on. Since the planes of the vast number 
of binary orbits in space are tilted at 
random, some of the orbits are bound 
to be edgew’ise to us. 

Perhaps the best-known eclipsing bi- 
nary is Algol, also knowm as the Demon 
Star or Beta Persei, Every duee days 
Beta Persei dims to about one diird of 
its normal brightness, and this phase, 
evidently an eclipse, lasts for about nine 
hours. Half a cycle later it dims again 
for an interval of nine hours, but diis 
time the diminution of light is only 
slight. Thus the system apparendy con- 
sists of two stars, one mudi hotter and 
more brilliant than the other. It also 


appeals that when the cooler star is in 
fiont, it does not completely eclipse the 
brilliant one. 

There is a second method foi de- 
tecting bmaiies which permits us to dis- 
cover the more numerous pairs that do 
not eclipse each other. If w^e look at a 
pair of stars revolving in a common 
orbit wdiose plane is tilted at an angle 
to the line of sight other than a right 
angle, one partner of the pair approaches 
us w^hile the other lecedes. We can dis- 
cover this relative motion, even without 
seeing the separate stais, by observing 
a Doppler effect in the spectia ot the 
hght from the two stars. As is well 
kiiowm, the motion of an approaclnng oi 
receding star pioduces a slight shift or 
displacement of the starliglit's spectral 
lines from their noimal posibon— this is 
the Doppler effect. In die case of a dou- 
ble star, there are tw^o spectra, one super- 
imposed on the other. At times the spec- 
tral lines are split into narrow pairs. 
Such a pair, consistmg of two lines dis- 
placed in opposite direcbons, can mean 
only that the light is coming from a dou- 
ble source, one moving toward us and 
the other aw^ay. 

During the past 50 years approximate- 
ly 1,000 double stars have been dis- 
covered by means of the specb'ogi aph, 
and for nioie than 500 of these, invesb- 
gators have plotted accurate velocity 
curves from w^hich can be derived the 
shapes of then* Dibits. If the velocity 
curve IS a pure sine curve, the orbit is 
circular. If the curve is not symmeb-ical, 
w^e know that the oibit is an ellipse. 
From the character and amount of the 
asymmetry, we can determme the shape 
or elongation of the ellipse and the diiec- 
tion of its long axis. 

T he discovery of die great frequency 
of binary stars is one of the most 
mbiguing in modern asbonomy. How 
do they originate, and what part do they 
play in cosmic evolution? This problem 
has interested asbonomers for many 
years. We shall here consider it anew 
in the light of some recent work and new 
theories on stellar evolution. 

The first fact that struck early inves- 


tigators was the close juxtaposition of 
many of the pahs. It can be shown that 
in systems like Beta Persei the surfaces 
of the two companions are separated by 
what in astronomical terms is an ex- 
bemely short distance Moreovei, some 
close binary stars aie enveloped in a 
common mass of gas that revolves 
aiound the pan. It was tempting to as- 
sume, therefoie, that these pairs had 
been formed by the splitting or fission 
of a single, rapidly rotating paient star. 
This hypothesis deiived sbength from a 
famous physical experiment attributed 
to the 19th-century Belgian physicist 
Joseph Plateau. In this expeiinient, a 
large diop of oil, the specific weight of 
which is appioximately the same as that 
of a mixture of water and alcohol, is sus- 
pended in a vessel filled with the mix- 
tuie. By sbokmg the drop with a thin 
rod, it IS made to spin aiound its axis. In 
doing so it changes in shape and becomes 
more and more flattened. As the speed ot 
rotation increases the drop assumes the 
shape of a ring and ulbmately breaks up 
into a number of small detached di op- 
lets. Asbonomers thought that a similar 
process might be operating m the stars. 
The reasoning was as follows. The stars 
conbact as a icsult of their own gravita- 
tion. It is well known that when a lotat- 
ing body contracts, its rotation speeds 
up, due to the law of conservation of 
angular momentum. Thus as a star con- 
tracts, it spins more and more rapidly 
around its axis. Finally the cenbifugal 
force exceeds tlie force of giavitation, 
and when tliat happens, the star bieaks 
into two or moie parts 

This theory was examined mathemati- 
cally by the British asbonomers Sir 
George Darwin and Sir James Jeans. 
Jeans, extending the work of Darwin, 
H. Poincare and A. hi. Liapunov, pioved 
by mathematical methods that an incom- 
pressible substance, permitted to rotate 
around its axis at an increasing rate of 
speed, would first become flattened in 
the form of a spheroid. After a certain 
critical velocity of rotabon was reached, 
the spheroid would gradually sbetch 
into a cigar-shaped elhpsoid with three 
different axes. Then a furrow would 
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form in the middle of the body; the fui- 
row would rapidly deepen, finally the 
mass would break into two parts, Jeans 
concluded that this process could ac- 
count for the formation of double stars, 
and he defended the fission theory until 
his death in 1946. 

Y et Jeans himself pointed out what 
IS now regaided as the principal flaw 
in the theory. This is that the stars, as 
we observe them, have a great concen- 
tiation of density at the center, in con- 
ti*ast with the theoietical mass of uni- 
form density that Jeans treated. A leal 
star may have a cential density 20 times 
greater than the average density. A 
spheie of this type does not divide by 
the process of fission, but instead be- 
comes lens-shaped and thins out to a 
shaip edge along its equator. If the 
lotation is giadually inci eased, matter 
will begin to sti'eam off the sharp edge 
and form a fiat ring aiound the star, 
resembling the ring of Saturn This proc- 
ess of ling formation has been observed 
in stars Theie are many lapidly rotating 
stais of high temperature which are not 
completely stable and lose gaseous atoms 
at the equator because the centrifugal 
acceleiation more than balancer the 
gravitational attraction. 

The most famous object of this sort 
is Pleione, one of the seven blight stars 
in the clustei of the Pleiades. Pleione, a 
bluish star, has a ring whose plane very 
nearly coincides with our line of vision. 
Hence we observe the star’s light 
tlirough the gases of the ring, the latter 
produce absorption effects which we can 
lecord by means of a spectrograph. A 
study of these features reveals the di- 
mensions of the ring and its composition, 
its density and its velocity of rotation 
around the star. 

If we could observe Pleione with a 
magnification 1,000 times greater than 
the maximum that the turbulent atmos- 
phere of our eaith permits, we should 
be lewarded by a tiuly magnificent 
sight a bluish central star, greatly 
flattened at its poles because of its lapid 
iLxial rotation, sui rounded by a tenuous 
ring, lesembhng the rings of Saturn, and 
shining in the distinctive hues of the 
radiation of hydrogen 

There is no possibility that double 
stars can originate from such rings, be- 
cause the rings are unstable. They disin- 
tegrate into space, and, so far as we 
know, they do not condense into planets 
or other bodies of considerable mass. So 
we must search for some other explana- 
tion of the origin of the binaries, 

T he most piomising theory appears 
to be that they are created by the 
explosion of single stars. The German 
physicist C. F. von Weizsacker has sug- 
gested that the explosion of a supernova 
could easily produce a binary system. 
This theory would explain why there are 



ECLIPSING BINARIES are double stars that revolve about each other in 
roughly the same plane as our line of sight. These four examples are-, 
from top to bottom, Beta Aurigae, U Cephei, RT Persei and TX Cassiopeiae. 
Size of sun {lower left) is based on comparison with Beta Aurigae. Sizes 
of other binaries are based on assumption that mass of each pair is equal. 
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STELLAR EVOLUTION might begin with the forma- so lapidly that its ecfiiator tapers to a sharp edge. It 

tion of a massive star from a dust cloud. This star rotates becomes a massive double star (example: U Coronae 


so many double stai's The Geiman 
astrophysicist A. Unsold has shown that 
every star whose temper atm e is greater 
than that of the sun has a good chance 
of becoming a supernova once during its 
lifetime. On the average a supernova 
appears about once in 600 years in every 
gahuxy. During historic times the hlilky 
Way has probably had three: one ob- 
ser^^ed by a Chinese astronomer in the 
year 1054; a second, blight enough to 
be seen in the day sky, noted by the 
Danish astronomer Tycho Brahe in 1572; 
and a third observed by the German 
astronomer Johann Kepler m 1604. 

When we consider the formation of 
double stars, we must pay particular at- 
tention to the matter of angular mo- 
mentum, or rotational energy, because 
a binary system, with two stars revolving 
ai'ound a common centei of gravity, ob- 
viously has a great deal of such momen- 
tum. In all probability the two stai's com- 
bined can possess no more rotational 
energy than was present in the original 
star, for it is unlikely that tlie explosion 
that produces the pair adds anything to 
the original system’s angular momentum 
Hence it is probable that double stars 
of the ty-^pe of Beta Persei can originate 
only from parent bodies with large ro- 
tational velocities. Now it is an extreme- 
ly interesting fact that our galaxy con- 
tains vast numbers of rapidly rotating 
single stars: i.e., potential parents of 
bmaries. All of them are extremely hot. 
The cooler stars in the galaxy, of which 
the sun is one, never show large rota- 
tional velocities— except when they are 
double. The sun has a lotational speed 
of about two kilometers per second at its 
equator; at the opposite extreme there 
are hot stars whose rotation is of the 
order of 500 kilometers per second. 

Immediately after a new binaiy^ star 
has been formed, the system must be in 
a greatly disturbed condition. And when 
we look for such systems, we find, in- 
deed, that they are not especially rare. A 
good example is the famous eclipsing 
binary Beta Lyrae, which most astrono- 


mers believe to be one of the youngest 
double stars. We know that one star of 
Beta Lyrae’s pair is an exceedingly 
luminous object whose radiation of light 
and heat surpasses that of the sun by a 
factor of 100,000 Since it probably de- 
rives its energy from tlie same nuclear 
piocess as the sun— the transformation 
of hydrogen into helium— we must con- 
clude that Beta Lyrae will exhaust its 
available supply of hydrogen atoms 100,- 
000 times more rapidly than the sun. It 
would take the sun approximately 100 
billion years to convert its hydrogen into 
helium. Making allowance lor the fact 
that Beta Lyrae’s mass, and supply of 
hydrogen, is approximately 10 or 20 
times that of the sun, at its faster rate 
of reaction it would use up its hydiogen 
m 10 million years. Hence Beta Lyrae, 
still pioducmg energy at a tremendous 
late, cannot be much oldei than 10 mil- 
lion years. For a star, this is a very short 
hie, 

T he spectrum of Beta Lyrae shows 
many remarkable features which 
aie not duplicated in any other known 
object of our galaxy It shows a set of 
strong absorption lines tliat come from 
an expanding ring of nebulous gas, pos- 
sibly shaped hke a pinwheel, which sur- 
rounds the entire system. In addition, 
there is a much more concentrated 
stieam of gas which flows horn the hot 
star toward its less massive, cool and in- 
visible partner. This stream flows com- 
pletely around the cooler component. 

There are a number of other binary 
systems in our galax)^ which we recog- 
nize as relatively young. In most cases 
the two components ai*e smrounded by 
a common envelope of streaming gas 
that forms something like a nebulous 
ring around the whole system. 

The ring of gas revolves rapidly in the 
same direction as the two stellar com- 
ponents, but the velocity of the sti*eam 
is often much greater than that of the 
stars. As for the motions of die stars, 
in some systems the periods of axial 


rotation and orbital i evolution coincide, 
diat IS, each star makes one complete 
turn on its axis m the same time that it 
swings a complete orbit, but m otheis 
they differ widely. 

T he evolution of the nebulous en- 
velopes around the binaries can be 
predicted from a theory of turbulence 
which has lecently been applied to 
astronomy by von Weizsackei. We know 
fiom obseivation that such envelopes oi 
lings do not rotate as solid bodies. At 
the outer edges, wheie the densities aie 
extremely small, the individual atoms 
move as fiee mass points under the com- 
bined action of the gravitation of the 
two stars and the piessure of theii hght. 
At the inner edges, where the rings are 
in contact widi the stars, theii motions 
are constrained by the rotations of the 
stars themselves In consequence, theie 
will be a gradient of velocity as we pass 
from the inside of the envelope toward 
its outex edge. In a stream with non- 
uniform motion two types of flow can 
exist. If the viscosity of the gas is large 
and if the differences in the velocities 
at diffeient levels are not great, the flow 
will be smooth, but under other condi- 
tions the flow becomes turbulent and the 
medium breaks up into countless turbu- 
lent cells which move back and foith in 
random directions and dissipate energy 
tlirough theii collisions and interactions. 

The mathematical theory of this 
process has been investigated by von 
Weizsacker. It tm*ns out that tlie gaseous 
mass divides into two parts, an outer 
expandmg ring of nebulosity which es- 
capes to mfimty and becomes a pait of 
the interstellar medium, and an inner 
mass, much moie condensed, which re- 
mains at the center of the system and 
letains only a small part of the original 
angular momentum of the rapidly rotat- 
ing system. In this manner, a close dou- 
ble star gradually loses mass and angular 
momentum. We should expect that after 
an interval of the order of 100 or 1,000 
million years, a system of the type of 
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Borealis), whicli evolves into a dwarf double star (ex- star like sun, with planets conserving angular momeii- 
ample: W Ursae Majoris). Tlieso might coalesce into turn. They might also yield mass to interstellar dust. 


Beta Lyiae oi Beta Persei would lose 
about nine tenths of its original mass and 
angular momentum. 

A change in the mass of a star in- 
evitably means a change m its other 
physical piopeities. Its luminosity, its 
temperature and its radius decline A 
giant 01 supei giant binaiy may become 
a dwarf binaiy, of which W Uisae 
Majons is an example Until lecently we 
thought that dwarf loinaiies were laie, 
but Hallow Shapley ol the Harvard Col- 
lege Observatory has now shown that 
they were little known only because they 
are faint and difficult to find. Per unit 
volume ol space they aie much more 
numerous than all otbei types ol close 
binaiy systems Spectrogiaphic observa- 
tions made at the McDonald Observa- 
tory in Texas show that these dwarf 
binaries aie surrounded by common 
envelopes whose pioperties closely le- 
semble the envelopes of the giant bi- 
naries fiom which they have sprung. But 
their envelopes are denser than those 
of the giant binaries, and so the processes 
of dissipation must be speeded up. The 
dwarf binaries must disintegrate even 
fastei than the giants, 

HAT happens then? Do the dwarfs 
ultimately disappear into space? 
No; tlie process of turbulence described 
by von Weizsacker suggests that ulti- 
mately the dwarfed pair will combine 
to form a single star. Heie, however, a 
difficulty aiises. The system of W Uisae 
Majons, which lesembles the sun in tem- 
perature and in the masses and luminosi- 
ties of its two components, has a total 
angular momentum hundieds of times 
greater than that of the axial rotation of 
tlie sun. The law of conservation of angu- 
lar momentum predicts that the single 
star descended from such a system would 
be one of very rapid rotation. Yet no 
such stai's have ever been obseived. 

It IS tempting to conclude from these 
facts that the end product of the evolu- 
tion of a W Ursae Majoris binary is not 
merely a star but a star surrounded by 


a system of planets. Because of their 
gieat distances from the parent sun, the 
planets in a solar system carry in their 
orbital motions a large amount of angular 
momentum For example, in our solar 
system the angulai momentum of the 
planets is 50 to 60 times greater than 
the angulai momentum of the sun’s axial 
rotation If, at some time m the distant 
past, the planets in oui system had all 
been a part of the sun, its rotation then 
would hav^e been of the order of 100 
kilometeis per second oi moie. This is 
not quite as huge as the angular mo- 
menta of the W Ursae Majons type of 
bmaiy But it does suggest that possibly 
in the piocess of dissipation of the com- 
mon envelope, planets aie formed which 
retain part of the angulai momentum of 
the W Ursae Majons system, while the 
lest of the envelope escapes. 

T hus a more or less compiehensive 
picture of stellar evolution begins to 
emerge. It starts with a great cloud of 
interstellar dust and gas that condenses 
to form a hot, rapidly rotating star. As 
the star contracts and spins faster, at 
some ciitical point it explodes cata- 
strophically into a supernova. The ex- 
ploding star forms a giant binary en- 
veloped in a gi'eat ring of gas Giadually 
the system dissipates and shrinks to a 
dwirrf bmary. Finally the dwarf reaches 
a critical point at which its two compo- 
nents combine to create a single star 
with a company of planets. 

If this picture is correct, it would im- 
ply that theie is a continuous cycle fiom 
interstellar matter to massive stars, on 
thiough a stage of bmary evolution, and 
back to interstellar matter. Every such 
cycle would leave as a residual product 
a single cool dwarf with its attendant 
planets. So perhaps our solar system is 
not a freak formation, as astronomers 
used to tlnnk, but represents a normal 
stage in the evolution of many, if not 
all, stars. The heavens may, indeed, be 
full of planetary systems like our own. 
The proposed ideas involve a great 


deal of speculation, and they should not 
be taken as a final theory of evolution in 
the galaxy But the crucial result of ob- 
seivation— that single solar- type stais are 
nevei known to have a large angular 
momentum, while planetary systems and 
W Ursae Majons binaries both have 
large supplies of it— suggests that theie 
is a connection between binaries and 
solar systems which must be seriously 
considered. 

The process we have desciibed applies 
only to the close binaries, it fails to ex- 
plain the numerous systems which are 
now so well separated that they are ob- 
servable as visual double stars. It has 
been suggested, from time to time, that 
the wider pans diffei hom the close, 
spectroscopic or eclipsing binaries in 
origin and subsequent evolution. This 
is, at best, a lather unsatisfactory ex- 
planation, because the properties of the 
binaries regarded as a function of the 
separation between the components 
change by gradual stages; they do not 
exhibit a tendency to form two distinct 
groups. Thus it may be that tlie evolu- 
tion of the close binaries is not the one 
we have suggested, instead of combin- 
ing they may gradually separate and be- 
come visual binaries. This difficulty must 
be recognized. It may help us to clarify 
many still obscure processes of evolution, 
or it may compel us to abandon the work- 
ing hypothesis proposed m this article. 
But this is the way science progresses. 
No theory or hypothesis has ever been 
completely successful. To be useful it 
must lead future leseurcli into fruitful 
channels and it must contain a kernel 
of truth which becomes an integral pait 
of all future theories. In the present case 
we venture to predict that this kernel 
consists in the peculiar absence of large 
rotations among the single solar-type 
stars. 


Otto Struve is Distinguished 
Service Professor of Astrophtjs- 
ics at the University of Chicago, 
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They are copies of the phenotype, the technical term 
for the visible characteristics of an organism. Their 
similarity to mutants launched a fascinating inquiry 

by Richard B. Goldschmidt 


I N 1864 an Austrian entomologist, 
Georg Dorfmeister, reported that he 
could change the ty^pical pattern of 
a butterfly’s wings simply by exposing 
the insect in the early pupa stage to ex- 
treme temperatures. His experiments, 
commg in the early days of Darwinism, 
attracted wide attention, for they could 
be interpreted— rather uncritically— as 
experimentally produced evolution. Soon 
it became a fashion among professional 
entomologists and the veiy large Euro- 
pean group of amateur entomologists to 
subject pupae of buttei flies to the most 
varied treatments and to record the ef- 
fects upon coloration and pattern of the 
wings. 

The experimenters discovered that 
changes of wmg pattern could be pro- 
duced by various kinds of shocks— short 
exposures to lethal heat or cold, asphyxi- 
ation with carbon dioxide, treatment 
with anesthetics, and so on. The most 
important finding was that effects could 
be obtained only when the treatment 
was applied within a short ‘‘critical” 
period soon after the pupa stage began. 

There was much discussion about the 
meaning of these experiments for evolu- 
tionary theory— most of which is obsolete 
today in the Hght that genetics has 
since cast upon tire mechanics of evolu- 
tion. One result of the experiments 
that especially intrigued evolutionists 
was the discovery that butterflies of a 
particular locality^ after being changed 
by experimental treatment, sometimes 
closely resembled odier races of the same 
species found in other regions. For ex- 
ample, out of heat-treated pupae of the 
Central European swallowtail {Papilio 
machaon) , butterflies occasionally 
hatched which resembled a variant race 
of this species whose natural habitat was 
Palestine. Pupae of the tortoise shell 
{Vanessa urticae) produced butterflies 
resembling the souAem variety of this 
species (ichmisa) when they were 
treated with, heat, and other forms re- 
sembling the northern variety (polaris) 
when they were treated with cold. In 
those pre-Mendelian days, these I'esults 
were construed as proof that new forms 
in evolution were produced simply by 
the action of the environment. Tlae ad* 


vocates of this view weie undisturbed 
by the fact that the same effects could 
be produced by heat, cold or chloro- 
form. Experimenteis rarely asked wheth- 
er these effects were actually inherited; 
nor was it asceitained whether the geo- 
gi-aphical varieties in question were 
hereditary races or, if so, how they dif- 
fered genetically from one anothei. 

With tlie advent of modern genetics 
a different approach to these same re- 
sults became necessary. Studies in ge- 
netics made clear that in considering a 
characteristic of an organism, such as 
tlie wing pattern, a sharp distinction 
had to be made between the genotype 
and the phenotype. The genotype, or 
hereditaiy pattern, is based on the 
genetic constitution of the oiganism, and 
is passed on from generation to genera- 
tion. The phenotype, or visible pattern 
(from the Greek phainein, to show), is 
not necessarily based on inheritance; it 
may be meiely an outward form pro- 
duced by environmental factors. Thus 
the changed appearance of the butter- 
flies hatched from ti'eated pupae might 
be nothing but a temporary, nonheredi- 
tary modification that would not be 
passed on to the butterflies’ descendants. 
And the occasional resemblance of the 
modified individuals to other forms that 
were assumed to he genetically distinct 
races might be a chance coincidence. 
Even if it could he demonstrated that 
the experimentally induced changes 
could be inherited— as was in fact 
claimed by two investigators, but never 
proved by proper tests— it might merely 
be that the same treatment that pro- 
duced the phenotype might sometimes 
also produce a true genetic change, a 
mutation. 

Unfortunately the investigation was 
dropped at this interesting point and 
suspended for several decades. Most 
geneticists and evolutionists forgot about 
these once-famous experiments. 

B eginning in 1927 , 1 embarked on 

experiments of a similar type, this 
time backed by the accumulated knowl- 
edge of more than 25 years of genetics. 
Instead of butterflies, which are difficult 
to breed over many generations and are 


not well explored genetically, I chose a 
moie convenient organism, the fruit fly, 
Drosophila, the most fully studied of all 
organisms in regard to heredity. My 
expectation that shock treatments of 
fruit flies would produce effects compa- 
rable with those in butterflies was moie 
than fulfilled. 

We found that by applying heat 
shocks to purebred, or homozygous, 
young Drosophila pupae of perfectly 
normal ancestry we could produce adults 
which were changed in one or moie of 
their visible cliaracteiistics so as to be 
identical with well-known mutants of 
this fly. Hundreds of such hei editary 
variants are known m Drosophila, and 
every geneticist can distinguish and label 
these mutants of the eyes, wings, body, 
legs, and so on, and follow their simple 
heredity according to the Mendelian 
law. Each of the visible types of flies 
obtained m the temperature experiments 
was absolutely identical with one or an- 
other of the known mutants. Since they 
were copies of the visible form of such 
mutants, they were naturally clmstened 
phenocopies. 

No phenocopy was ever transmitted to 
the altered fly’s descendants; the off- 
spring of these pseudoniutants were and 
always remained normal. In my own ex- 
periments and those of other investiga- 
tors, it developed that almost any known 
type of mutant, even some of the rarest 
and most extieme, could be duplicated 
as a nonliereditary phenocopy. Indeed, 
the only class of mutants we have been 
unable to copy thus far is the one asso- 
ciated with smiple chemical changes, 
such as eye or body color. This excep- 
tion may have a definite meaning but 
may also be a chance result. At any 
rate, it can be stated with confidence 
tliat, with tliis single possible exception, 
the phenotype of any mutant of tlie fruit 
fly can be produced experimentally as a 
phenocopy by means of a change in the 
organism that does not affect die germ 
plasm. 

B iology often is a process of redis- 
covery; when we discover a new 
principle we begin to look at familiar 
phenomena with new eyes. Having been 



alerted to the existence of phenocopies, 
one would expect to find them not only 
in insects but in othei species of animals, 
and not only m experimentally changed 
animals but in nature. And so indeed it 
turns out, investigators have now found 
phenocopies m many oigamsms, among 
them moths, birds, mammals, bacteria. 
Even in man there is a peculiarity 
that can be mteipreted as a phenocopy; 
this IS the occasional occuirence of cer- 
tain abnoimalities of the eyes and the 
central neivous system which lesem- 
ble known hei editary conditions but are 
not genetic— they lesult from infections 
of the mothei, known as toxoblasmosis, 
during piegnancy 

Our oiigmal phenocopies of Dro- 
sophila were pioduced by heat shocks. It 
has been found since then that a large 
variety of other shocks can produce the 
same lesiilt. The only thing common to 
all these treatments is that they are out- 
side the range of eiivii onmcntal actions 
to which the organism is noimally ex- 
posed and they act so heavily upon the 
organism that only a few individuals sur- 
vive the shock. The maximum numbei 
of phenocopies is pioduced when the 
treatment is sublethal, meaning that it 
kills a large pioporlion of the exposed 
individuals but leaves a number of sui- 


vivois This tact is cleaily of great im- 
pel lance as a clue to what is going on 
m the organism when a phenocopy is 
pioduced. 

The most potent agents foi production 
of phenocopies are heat shocks and ir- 
ladiation with X-iays. Also effective are 
cold shocks, ceitam other radiations, 
especially bombardment with neuti'ons, 
and ceitain chemicals, provided m the 
atmosphere oi m the food. 

To produce phenocopies these shocks 
must, however, be piopeiiy applied, 
which means, as aheady indicated, that 
they must be administered dmnng a 
critical peiiod in the development of the 
oigamsm It is a well-established fact of 
embryology that a developing embiyo 
lays down the successive steps of its 
organization m a wav which can be de- 
sciibed as successive determination This 
means that the first steps of the foima- 
tion of an organ do not establish this 
organ iiievocably. It is still possible to 
change the course of developmental 
events by expeiimental interference. But 
at a definite time and stage m the devel- 
opment of each organ of the embr^m, a 
moment comes when the future of the 
ludiment, or hud, of the oigan is deter- 
mined practically irrevocably. For ex- 
ample, when the ludiment of a futm*e 


arm m a vertebrate embiyo begins to 
form, a shock can force the rudiment to 
develop into a leg. But once the ludiment 
has reached a certain age and stage, no 
experimental pioceduie can pi event it 
from foiming an arm. There is a definite 
time of final determination for the organ, 
and also for its parts, so that its develop- 
ment as a whole can be conceived as 
the occunence of an oiderly series of 
steps of more and inoie detailed detei mi- 
ll ation. 

A COMPARABLE, and actually par- 
allel, phenomenon exists in the field 
of developmental genetics Suppose 
theie is a mutant of Diosophila that re- 
duces to 100 the numbei of eye facets m 
the fly, normally about 1,000. If such a 
hereclitary line is i eared at diJfferent tem- 
peiatures, the facet number may be 
changed to another average number ac- 
cording to the temperature used. By ap- 
plying the changed temperature only 
during exactly determined time intervals 
in development, one can show that the 
effect occurs only when the exposure 
takes place at a definite limited period 
during development. It is obvious that 
these well-established groups of facts 
from embrvolog}^ and developmental 
genetics hear a i elation to the critical 



TORTOISE-SHELL BUTTERFLY (Ua/iessa io) was three specimens are variations produced hy heat. Early 
changed in appearance by exposing its pupae to heat. A experimenters mistakenly thought that these changes 
normal specimen is shown at the upper left. The other could be transmitted from generation to generation. 
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time at which phenocopies are proclucecL 
In all thice cases we may speak of a 
critical penod in which something hap- 
pens 01 can happen. 

Evei since phenocopies became 
known, much effort has been diiected to 
the determination of these periods. It 
was found that a critical peiiod could be 
established for almost every expeiimen- 
tal phenocopy. Geneially this penod 
precedes the visible differentiation of the 
particulai* structure concerned, which is 
to be expected, because experimental 
embryologists have shown that the na- 
tui*e of an oigan usually is determined 
before its differentiation becomes visible 
All oiu* experiments indicate that a shock 
ti*eatment withm certain time limits din- 
ing this sensitive period not only affects 
the immediate development of the organ 
but forces later developmental processes 
into such channels that the end product, 
tlie phenot\^pe, is indistinguishable from 
tliat of a mutant. Normal environmental 
conditions and the usual, or 'wild type,” 
genetic constitution of an oiganism will 
send the developing organ down one 
load, on the other hand, either an appro- 
priate shock treatment oi a different 
herechtaiy factor will send it dowm a new 
path which ends in a common lesult 
although the causes are different 

C LEARLY the next step in the analysis 
of this phenomenon was to find a 
method bv which specific phenocopies 
could be produced at will. For example, 
was it possible to select a specific tieat- 
ment of larvae or pupae which would 
make all the flies hatched from them 
imitate the type of a particular wing 
mutant? In my first studies I had found 
that a certain wing type in Diosophila 
could be obtained only when the larvae 
were exposed to precisely 35 degrees 
Centigrade; a deviation of one or two 
degrees from this tempeiatuie failed to 
produce the same result. But on the 
whole tliese early experiments were not 
satisfactoiy in producing specific pheno- 
copies. Subsequent experiments with 
chemical treatments, however, ha\'e 
been more successful. A Russian geneti- 
cist, J. A. Rappoport, has laid claim to a 
considerable array of positive results He 
obtained one type of phenocopv in fruit 
flies uith antimony compounds, another 
with arsenic, a thud with silver lactate, 
and so on. In each case 100 per cent of 
the treated individuals displayed the 
same specific and distinctive phenocopy. 

Witliin limits some of these results 
have been confirmed: for example, Ei- 
leen Sutton-Gersh of Johns Hopkins Uni- 
versiW, as well as Rappoport, treated 
Drosophila w*ith boric acid and produced 
flies with ri’pical melanotic (ic., black- 
pigmented) tumors. These were pre- 
cisely like tumors that are known to 
exist as hereditary strains. However, we 
produced the same tumors with another 


eheimcal and with heat shocks as well— 
so bone acid appaiently is not a specific 
agent foi this phenocopy. Anothei in- 
vestigator found that ethei oi phenol, 
applied to Diosophila at very eailv de- 
velopmental stages, pioduced flies with 
four wings instead of two. 

Pei haps the most interesting pheno- 
copy of all, from the standpoint of sug- 
gesting a chemical explanation of what 
happens when a phenocopy is produced, 
was created by the geneticist Walter 
Landauei of the Umveisity of Connect- 
icut. He woiked with chickens A well- 
known mutant in fowl is the rumpless 
condition, all oi neaily all the tail struc- 
tm*es are absent. Landauer succeeded m 
producing this lemaikable aberration of 
the skeleton and the entne postenor le- 
gion of the chicken’s body as a pheno- 
copy, He did so by injecting young eggs 
witli insulin Now insulin, as eveiy 
biologist knows, influences caibohydrate 
metabolism. Thus Landauei ’s experi- 
ment suggests that it may be possible to 
link a sti'ikmg change in appeal ance, 
such as is produced m a phenocopy, with 
specific details of metabohsm. By the 
same token, it may even be possible to 
show that the genes exeit theii effect 
in shaping an individual by acting on 
metabolic processes. 

T his leads to the great and decisive 
(piestion looming behind all these 
facts: What is the relation of phenocopy 
to mutation^ What is the reason for the 
similarity between phenotypic action 
and the action of a mutated gene? Ignor- 
ing for the moment the possible specific 
effects of particular chemicals, we are 
confronted by the primary fact that 
such radically difteient agents as heat, 
cold^ anesthetics and radiation produce 
tlie same effects, provided they act at a 
defimte critical time of development of 
the mdmdual. This must mean that all 
these various kinds of shocks act upon 
some generalized feature of development 
in die organism, some mechanism that 
can be shifted out of its noimal coiiise 
by any kind of damaging action. If we 
hken this mechanism to a railroad, the 
possible shifts m direction are limited to 
a few fixed tiacks. 

What do all tlie shocks, or switchmen, 
if you like, ha\'e in common? They are 
all of a type that we would expect to 
hinder or to slow up life processes. We 
know that m the living body an increase 
or decrease of temperature, within nor- 
mal environmental limits, increases or 
decreases the speed of reactions. There 
is a well-knowm mathematical law that 
applies here: each rise or drop of 10 
degi'ees Centigrade doubles or halves 
the rate of reaction But this holds only 
up to the hmits of normal tolerance, 
beyond those hmits heat and cold alike 
throttle and finally halt the process in 
question. Large doses of radiation and 


of anesthetics likewise aie known to 
act in this detiimental way. Therelorc 
it appeals safe to assume that the 
phenocopic agent slows up oi stops some 
key leaction or series ol leactions going 
on during the ciitical penod foi a par- 
ticular structure In this exactly timed 
senes of events, one of the most ciucial 
is the pioper soiting out of the sub- 
stances that an oigan needs for cany mg 
out its specific piocesses of organization. 
We might say that at the moment when 
this soiting-out piocess has been accom- 
plished 111 a ceitain pait of the develop- 
ing organism, say, to put it crudely, 
when an arm substance or leg substance 
has been deposited, the point of detei- 
minatioii of the oigan has been leached, 
this IS the moment when the future 
fate of the pait is iirevocably decided. 
But as all developmental features must 
be intimately mtei woven in oidei to 
produce a normal whole, a perfect tim- 
ing of all these detenninmg processes 
in then specific hierarchical order is 
needed to yield the standard end piod- 
uct— the organism with all its typical 
features down to the last hair or speck 
of color. We might roughly compare this 
building of an organism to the opei ation 
of an assembly line. The line must move 
with a defimte speed. At a definite time 
a particulai piece must be attached at 
the proper site If one piece is left out 
at a given time, all subsequent opera- 
tions are impossible. Let us not ovei- 
work the comparison, but its use may 
help us to lealize how a change in the 
speed of developmental features at a 
critical time will affect all later pioc- 
esses and therefore will produce a quite 
different end product, it indeed it does 
not utterly desti'oy the whole fabric of 
development. (Remember that pheno- 
copies appear when the action of the 
agent is almost fatal.) 

The phenocopy, then, is the lesult of 
throwing out of gear the precisely intei- 
locked and precisely timed processes of 
embryonic diffcientiation. It seems ob- 
vious that theie cannot be manv ways 
in which so much harm can be done 
without destruction of the entire inte- 
gration of the processes. The few ave- 
nues available for such changed but still 
feasible development aie probably of a 
plus-minus, slower-faster type 

It IS easy to undei stand that by such 
induced shilts an abnormality, even a 
monsti osity, can be produced. But why 
the likeness to a mutant, which is a 
change of structure and therefore of 
development produced by a change in 
the hereditary mateiial? If a full answer 
to tliis problem could be given we might 
behold the answer to the basic riddle of 
genetics: What is a mutation? 

MUTATION can only lead to viable 
mutant forms of a new and heredi- 
tary type if' the effects of the genetic 
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change m the chromosome do not inter- 
fere too much with the oiderly couise of 
the interwoven piocesses of develop- 
ment. This means, then, that a viable 
mutant is limited by the same features 
as a viable phenocopy. Just as a pheno- 
copic agent can act only upon the re- 
stricted tiacks along which develop- 
mental processes aie taking place, and 
only in a limited plus-minus way, so 
the mutant gene cannot produce a viable 
oiganism if it does not act upon the 
same tracks m the same way. A mutant 
gene theiefore must difter from the origi- 
nal gene m such a way as to affect one 
ol those limited possibilities of a plus- 
minus change m the most intimate proc- 
esses of development. What this change 
is in chemical or physical terms is still 
a mysteiy. 

Mutant and phenocopy, then, look 
alike because changed genetic action as 
well as action by a phenocopic agent is 
limited to definite tracks. There can be 
no doubt that in the last analysis the 
primal y change produced both by phe- 
nocopic agent and mutated heieditaiy 
mateiial must be of a chemical natuie. 
But theie is no reason to assume that it 
IS identical m both cases. If the tracks 
on which a developmental change can 
lun are piesciibed and limited, quite 
diffeient pnmaiy causes may lead to an 
identical effect. A railioad car will roll 
along its track whether pushed by a gang 
of men, a locomotive, a small explosive 
charge, a vagrant breeze oi whatever. 
If the push IS too great, it will, of 
course, be derailed 

The piesent trend among geneticists 
interested in evolution is toward the 
analysis of the statistical basis of evo- 
lution, the distribution of types in a 
population and the conditions for se- 
lection. It IS frequently forgotten that 
hereditary changes which may lead to 
evolutional y changes are limited by the 
possibilities for changing the develop- 
mental pattern of an organism \Yithout 
impairing its vitality. The study of phe- 
nocopies imd theii relation to mutation 
shows clearly that eveiy departure from 
the norm produced by mutation can also 
be accomplished as a phenocopy. I do 
not hesitate to draw from this the in- 
verse conclusion that any departures 
fiom the norm produced by the action 
of phenocopic agents should also be ob- 
tainable as mutants, even m those cases 
in which no presently known mutants 
supply tlie phenotype lesembling the 
phenocopy. This conclusion suggests 
that future work on phenocopies will 
be most illuminating in what it has to 
tell us about evolution. 


Richard B, Gold- 
schmidt is professor 
of zoology at the Uni- 
versity of California. 






FRUIT FLY WINGS also can be altered by heat* A normal wing is shown 
at the top of this drawing. Second from the top is a x>henocopy that copies 
the known mutant *‘notch.” Third is a phenocopy that copies the mutant 
"Tanceolate.’’ Fourth is a phenocopy that copies the mutant “truncate.” 


49 




At 82 the founder of psychoanalysis wrote the final 
statement of his system. A noted psychoanalyst gives 
his views on the present condition of Freud’s legacy 


by Fredric Wertham 


A lmost so years ago an historic 
debate on the value of psycho- 
^ analysis took place in Vienna 
before the Society for Applied Psycho- 
patliology and Psychology, The discus- 
sion was animated and die critics numer- 
ous. The occasion is woith recallmg now 
because it was a turning point in psy- 
cliiatry and produced a clear summary 
of Sigmund Fieud's fundamental con- 
tributions to psychology before they 
were befogged by his numerous later 
interpreters. At the end of the meeting 
a psychologist now a professor of psy- 
cholog)' at a Catholic university in the 
U. S., enumerated the gains of perma- 
nent value contributed by psychoanaly- 
sis: 

1. A better appreciation of sexuality, 
especially of sexuality in childhood. 

2. The lecognition of personality as 
a unit repiesenting die individuals en- 
tire biological backgiound and psychic 
expeiience, 

3. The recognition of the existence of 
different psychic layers— consciousness, 
the preconscious and the unconscious, 

4. The recognition of the mental 
mechanisms of repression, condensation 
and displacement. 

5. The significance of symbolism in 
dreams—with reservations. 

6. The recognition of sublimation— 
also with reseivations. 

Thus with a great deal of resistance, 
both unconscious and conscious, on the 
part of psychologists, a long step for- 
ward in psychiatry was reluctantly and 
half-heartedl) -but nonetheless definite- 
ly-acknowledged. Even if Freud had 
achieved only the minimum set of ac- 
complishments conceded at this critical 
meeting, these were sufficient to revolu- 
tionize the science of psychiatry. For if 
personality was not recognized as a unit, 
if sexuality was not sufficiendy appre- 
ciated, if the existence of different 
psychic layers was not xecognteed, how 
inadequate must the pre-Freud under- 
standing of mental processes have been! 
To create and establish the new sd- 


ence— which we now call psvcho- 
dynanncs, or '‘deep psychology*— Freud 
bad to perform a labor of Hercules He 
did this first alone, then with a few co- 
workeis, and finally as the head of an 
international scientific school. He be- 
came pi ob ably the most famous psy- 
chiatrist of all time, and towaid the end 
of his life he was treated like Socrates, 
But he was not killed; he was exiled. In 
1938, at the age of 82, he sal down 
undaunted and wrote a summing-up of 
psychoanalysis. This little book of only 
127 pages has now been published in 
English widi the title An Outline of 
Psijchoanahjsis 

It would be presumptuous to praise 
this book in the ordinal y teims of gi'ati- 
fied appiaisal or formal lespect. No other 
psycliiatiist oi psychologist of our time 
could sit down at the end of his life 
and look back on such a long chain of 
original woik as could Freud. 

Freud’s final woik is a smvey of 
psychoanalysis in compressed form. It is 
a ciystallizatioii of psychoanalytic 
thought. But it would be a pity if it 
weie taken merely as a contribution to 
tlie cunent ti-end to satisfy intellectual 
cuiiosity in digest or synopsis form. This 
woik IS not a synopsis. It is a full state- 
ment. It can be read at different levels. 
You can gam fiom it a view of tlie field 
of psychoanalysis; but you can also lead 
it at a deeper level where it is at the 
same time a dissection and a synthesis 
of what Freud considered the most im- 
portant tenets of psychoanalysis. It is 
therefore an indispensable book foi any 
scientist xvho wants to be abreast of cur- 
lent psychological tliought. It is the 
type of book that is so good that once 
you have taken it up,‘you do lay it down 
again, in order to think for yourself. 

It is evident tliat Freud took great 
pains in writing this book. He was anx- 
ious to convey exactly and clearly what 
he thought and what he wanted to stress, 
and he evidently took equal pains to 
omit what he wanted to leave out. We 
are obliged to take these details serious- 


ly. Fieud himself was not completely 
satisfied and did not quite finish the 
book. But he was so near its completion 
that this fiagmentary form makes one 
think of the esthetic completeness that a 
toiso can have m sculpture. 

I T is significant that Freud wiote An 
Outline of PsycJioanaltjsis more from 
the point of view of the scientist than 
that oi the theiapist. In this summaiy 
work he took pains to claiify and make 
more precise his definitions of the basic 
concepts, the id, the ego and the super- 
ego The book abounds in excellent for- 
mulations of the natme and functions of 
these elements Foi instance, he de- 
scribes the region of the id. “It contains 
everything that is inherited, that is pres- 
ent at biith, that is fixed in the constitu- 
tion-above all, therefore, the instincts, 
which originate in the somatic organiza- 
tion and which find theii mental expies- 
sions in the id in forms unknown to us.” 
He also describes cleaily the pioblem of 
psychoanalysis: “The analytical physi- 
cian and the weakened ego of the pa- 
tient, basing themselves upon the real 
external world, aie to combine against 
the enemies, the instinctual demands oi 
the id, and the moral demands of the 
super-ego.” 

His brief cbaptei on the technique of 
psychoanalysis is a model of didactic 
clarity, and at the same time shows bis 
sincerity and self-criticism. In view of 
the exaggerations of some of Ins conser- 
vative American follow^ers, who have be- 
come moie Freudian than Freud himself, 
it is a relief to lead his calm, mature 
conclusion that “it makes no diffeience 
whether a child has really sucked at the 
breast or been brought up on the bottle.” 
He points out gaps in one of the most 
vulnerable areas of psychoanalytic 
thought— the great importance assigned 
to the pleasure principle as a motive for 
behavior— and opens vistas for further 
work. 

The clearest and most impressive 
chapters are those on mental qualities 
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and on dieam interpretation, which deal 
with the most valid part ol ihe whole 
psvclioanalytic stiuctuic. The tiiad of 
mental qualities— consciousness, the pie- 
( onscioiis and the unconscious— which 
lias become an indispensable part of 
thinking in psychology, Freud regaids as 
''not a theoiy at all but a Rrst attempt 
at a stock-taking of the facts of our ob- 
vei ration ” He sumwanzes ^yiocesses 
in the unconscious or in the id obey dif- 
ieient laws horn those in the precon- 
scious ego.” 

In the chapter on dream mteipretation 
he goes to the heait of his dicain theory 
m this teise statement . dreams are 
mvaiiably the product ol a conflict 
Something that is a satisfaction foi the 
unconscious id may for that leason be a 
cause of anxiety foi the ego.” He lepeats 
his felicitous, nevei -refuted statement 
"The dream is the guaidian of sleep.” 

HAT aie the points that Fieud pai- 
ticulaily sti esses in this, his final 
statement? He makes the foundation 
stone of deep psychology the conflict be- 
tween the libido and the death instinct: 
"This interaction of the two basic in- 
stincts with and against each other gives 
rise to the whole variegation of life ” He 
speaks emphatically, but not with his 
usual lucidity, ol aggressive impulses, ag- 
giession and aggressiveness (Nowheie 
does he define these teims very cleaxly.) 
He sees fundamental difleiences m the 


psychological and sexual development of 
men and women, he places women de- 
cidedly in an mferioi role. He assigns a 
cential position to the castiation com- 
plex. All through his presentation, he 
lays piime emphasis on the quantitative 
factois in the oiganization of normal and 
abnormal mental life 

Such, m brief summaiy form, are some 
oi Fietids final conclusions We aie of 
couise inteiested in the larger question 
Mdiere has psychoanalysis ai lived after 
half a centuiy? The Outline gives a cioss 
section of psychoanalysis at the time of 
its wilting. Theie is practically no refer- 
ence to its historical development. If we 
wish to ev^aluate on the basis of this book 
the status of psychoanalytic thought to- 
dav, we must of necessity supply a his- 
toiicai background to Freuds presenta- 
tion Here, as so often, the histoiy of a 
science is that science itself. 

One should make clear that, aside 
from the host of new clinical facts about 
patients that he observed, Fieud bi ought 
about thiee fundamental changes in the 
approach to the study of peisonality and 
mental pathology. The fiist was to speak 
of psychological processes at all, and to 
think of them with the logic of natuial 
science. This became possible only when 
Freud introduced the realistic concept 
of the unconscious and practical meth- 
ods foi its investigation. The second was 
his inti-oduction of a new dimension in- 
to psychopathology, childhood. Before 


Freud, psychiatiy was practiced as if 
eveiy patient 'vas Adam— who nevei was 
a child. The thiid was his inauguration 
of the genetic understanding of the sex- 
ual instinct. His real discoveiy here was 
not so much that children have a sex life, 
but that the sexual instinct has a child- 
hood. Recognition of the existence of 
these pie-stages of adult genital sexual- 
ity (regaidless of udiedier Freud was 
entnely correct in his analysis of the 
actual details) has become one of the 
cornerstones of the scientific study of 
human sexual life and its disorders. 

These new insights based on new ob- 
seivMtions are high points m the long 
and laboiious historical development of 
Freud’s thought To gam a critical view 
of psychoanalysis today, we have to go 
a little moie deeply into this history. I 
hav-e found it useful to distinguish 
schematically certain stages in the de- 
velopment of psychoanalysis. 

In the first stage, in the 1890s, Freud 
discoveied the pathogenic significance 
of the content of an individuars mental 
life, as opposed to the previous emphasis 
on the foim of mental states. Freud’s 
eailv co-worker, Joseph Bieuer, for in- 
stance, thought that the only experiences 
or images that could lead to mental ill- 
ness were those which occurred in spe- 
cial formal mental states, such as the so- 
called "hvpnoid” state. Fieud, on the 
other hand, saw the neurosis as a de- 
fense against circumsci ibed contents of 




SIGMUND FREUD wrote his last book as an exile in Vienna. Atop the desk were statues of primitive eul- 
England. Here he is depicted at his famous desk in tures whose customs he invoked to, support his system. 
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A GLOSSARY OF FREUDIAN TERMS 


PRECONSCIOUS 

A psychic layer, or level of mental activity, of 
which we are not consciously aware but which is 
distinguished from the unconscious by the fact 
that it has the same formal structure as conscious 
thought. 

UNCONSCIOUS 

A psychic layer which is characterized not only 
by lack of conscious awareness but by special 
laws: e.g., the presence of symbolic expressions 
and images; the free flow of libido; the absence 
of distinctions between the past and present, the 
subject and the object, fantasy and reality. 

LIBIDO 

A concept denoting sexual energy in the broadest 
sense. 

ID 

The mental representation of primary instincts. 

EGO 

The self, that part of the id which has become 
organized by adaptation through influences of 
the environment- 

SUPER-EGO 

The conscience, the psychic focus of restraining 
forces in an individual which are derived from 
his parents and society. 

REPRESSION 

A mental mechanism whereby thoughts or wishes 
that would be unpleasant if conscious are rele- 
gated to a layer below consciousness. 

DISPLACEMENT 

The mechanism w’hereby the emotion attached 
to one idea is shifted to a more innocuous one. 

SUBLIMATION 

The deflection of repressed sexual strivings 
toward other aims. 

CONDENSATION 

The representation of two or several ideas by one 
word or image. 

TRANSFERENCE 

The shifting to a new person of a positive or nega- 
tive attitude based on the pattern of a repressed 
relationship with another person in one’s past life. 

NARCISSISM 

The turning or returning of the libido toward 
one’s own ego. 

REGRESSION 

Retreat to an emotional pattern of the past. 

REPETITION 

The tendency of certain neurotic phenomena to 
repeat themselves; independent of the pleasure 
principle. 

RESISTANCE 

The emotional counter-force which prevents re- 
pressed thouglits, feelings or memories from 
reaching consciousness. 


the mind which were incompatihle with 
the domiiicint tendencies ot the patient’s 
mentality. 

This emphasis on content was a thorn 
m the flesh ot the contempoiaiy aca- 
demic psychologists. In 1927 the lamous 
Austiian experimental psychologist Karl 
Buehler was asked to delivei a lectuie at 
johns Hopkins Univeisity. He was 
wholeheartedly opposed to jisychoanaly- 
sis, but knowing its attraction he chose 
It as a subject foi his lectuie— just as a 
pieachei can speak about the devil and 
his woiks as long as he is against them 
Buehlei was paiticularly against Fiend’s 
scientihc attention to circumsciibcd 
mental expeiiences, that is to say, the 
contents of mental life as against the 
foimal aspects which the experimental 
psychologists had studied so patiently. 
In Geiman the word for content, Inhcilt, 
is sometimes used by philosopheis inter- 
changeably with the woid St of (mat- 
ter). So Buehler called his lectuie 
“Fiend the Stuff Thinker”— and kept on 
talking about “stuff thinking” foi a whole 
hour. His huge audience, which had ex- 
pected him to talk about sex ( against it, 
of course) was both disappointed and 
bewildeied. Nobody had any idea what 
he was talking about. 

In this first stage Fieud oveiiated, as 
he himself pointed out latei, the role ol 
sexual tiaumas in childhood, which he 
consideied the chief factoi in causing 
neuroses. 

I N the second stage, centeimg in the 
publication of his Tluee Contnhu-’ 
tions to the Sexual Thconj m 1905, 
Freud evoKed the conception ot “cir^ 
cumsenbed pei version tendencies.” He 
studied and described their relation to 
the psychosexual constitution and to 
character in geneial. At this stage a Gei- 
man pupil of Freud, Kail Abiaham, 
made a gieat step foi ward in oui under' 
standing of schizophi enia, then called 
dementia piaecox. Abiaham pointed out 
m 1908 that in this disease the capacity 
foi both transfeience and sublimation is 
gieatly reduced. 

In the third stage, the period during 
which Fieud published his important 
work Introduction to Narcissism ( 1914) , 
the interest of psychoanalytic theor)' 
shifted from repression and the repressed 
to die repressing principle, that is to sa)' 
the ego tendencies. Freud now formu- 
lated the important conceptions ol nar- 
cissistic regression and classified a whole 
gioup of psychoses as narcissistic condi- 
tions. This stage might be called the 
stage of ego psychology. 

In the fomth stage, ushered in by 
Beyond the Pleasure Principle (1920), 
a decisive tuxn in theory took place. 
Starting from studies of traumatic war 
neuroses, Freud introduced a new piin- 
ciple which under certain conditions re- 
places the pleasure principle, namely, 
the tendency to compulsive repetition oi 
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acts 01 experiences. From this lepetition 
tendency Fiend logically deiived the 
idea of a tendency towaid death He 
now saw the two opposing foices m men- 
tal life not as libido and ego instincts but 
as life instincts and death instincts 

The date of the beginning of this 
gloomy theory (1920) is not accidental. 
But the war and the clinical observation 
of wai neuroses of which Fieud spoke 
were not the whole explanation of his 
new theory, nor even its most impoitant 
part. A brilliant psychoanalyst, Leo 
Kaplan, wiote m 1916 “The depend- 
ence of thought on circumstances of the 
time usually remains unconscious to the 
thinkei himself ” I am convinced that 
first the hope and then the breakdown 
of the democratic ti ansf ormation m Cen- 
tial Europe influenced Fiend’s thinking 
Analytically speaking, theie is evidence 
of this in his wiitings 

I legard as belonging to a fifth stage 
the peiiod of The Ego and The Id 
(1923). This was the work m which 
Fieud fiist suggested the existence of an 
unconscious part of the ego, which he 
called the super-ego. He had observed 
that during the psychoanalysis of pa- 
tients the analyst often encounteied ic- 
sistance (lom the ego, lathei than from 
the unconscious. The oldei idea that 
such resistance always arose Ivom a con- 
flict between the ego and the lepiessed 
unconscious no longei sufficed. To ex- 
plain the unconscious resistance l^elong- 
mg to the ego, he foimulated the concept 
of the ego ideal or supei-ego, which is 
derived from the Oedipus complex, i.e., 
It originates primarily fiom identification 
with the paients. 

It IS interesting that m the same year 
in which Fieud studied so carefully the 
lelationship of the repiessing agencies 
to the unconscious, he published a paper 
in which he emphasized moie definitely 
and clearly than ever before that the 
Oedipus complex was one of the mam 
pillars of psychoanalysis. The Oedipus 
complex is of course a crucial issue. It is 
a wedge that opens the door of psycho- 
analysis to the social factois m psycho- 
pathology. But Freud, having opened 
this door, chose to pursue a diffeient 
path, toward a strictl)' biological iiiter- 
pietation of mental illness. It is an odd 
and superficially unexplainable fact that 
Freud never gave much attention to the 
social pressures that play so large a pait 
in neuroses, the word social does not 
even appear in the index to his Outline 
His orientation when he deals with the 
larger aspects of psychoanalysis is bio- 
logical. The social is, one is tempted to 
say, repressed. 

Looking at An Outline of Psychoa- 
nalysis in this historical way makes it 
easier to take a broad, critical view. The 
essential paradox is that psychoanalysis, 
which made psychology and psychiatry 
more human and introduced the facts 
of hfe into the social sciences; has in 


these last wiitings of Freud become so 
abstract, so inhuman. In a levised ver- 
sion of the book Freud wrote “Psycho- 
analysis. has little chance of becoming 
populcu.” At the veiy moment of writing 
this aiticle, I have leceived a letter from 
a magazine asking me to write an article 
to explain the enoimous popularity of 
psychoanalysis. The mushroom growth 
of psychoanalysis in the U. S is itself an 
impoitant social fact. 

While Fieud was inclined to pay little 
attention to the philosophers, there is 
definitely a philosophical backgiound to 



DAUGHTER ANNA accompanied 
Freud in his days of exile. Today she 
is a child psychologist in England. 


his views. It would not be difficult to 
show that he progressed from a mateii- 
alist point of view, anchored m natural 
science, to a mechanistic idealism which 
—as it so often does— leaves great loop- 
holes for reactionary mysticism There 
are passages in his hook which might 
have been written by the German physi- 
cist and philosopher Ernst Mach, whose 
philosophical pomt of view led him to 
deny the possibility of the leal objective 
existence of the atom. Freud writes, for 
example: “Reality will always remain 
Tmknowable.’ ” How far this metaphysi- 
cal idealism of Fiend’s goes is shown by 
his speculation that space itself may be 
nothing but tlie projection of the exten- 
sion of the mti’apsychic apparatus which 
he IS able to desciibe so well in his 
Outline, 

T his philosophical bias breaks 
tliroiigh in his conception of the 
death instinct. It is wrong to diink that 
this death-instinct theory is just a minor 
excrescence which can he disregarded 
without affecting the rest of his ideas. 
On the contrary, it is the logical outcome 
of a development that started about 
1920, and it affects Freud’s to my mind 


dubious theories that aggiession and sad- 
ism are a “displaced death instinct.” 

With the wide acceptance of the death 
instinct, with all its clinical and social 
implications, the “deep psychology” of 
psychoanalysis goes off the deep end. 
There is an intrinsic similaiity heie to the 
position of Martin Heidegger, the ex- 
istentialist who became one of the most 
influential Nazi philosophers. Reading 
Freud’s Outline, one is reminded of 
some of Heideggei’s foimulations “Man 
. . is a finite creatme, placed between 

l:)iith and death, full of anxiety, and 
guilty, who IS called bv death to his very 
own ability to be. His being is a being 
unto death.” I am not compaiing a soph- 
ist like Heideggei with one of the gieat- 
est scientists of our time, but I do say 
that then philosophical ideas stem horn 
the same socio-historical conditions of 
our epoch, and that the influence of these 
ideas on science is intiinsically regres- 
sive. 

There aie many details with which 
one could fill in this picture of the latest 
development of psychoanalysis as the in- 
troversion of a science. To be sure, Fieud 
cannot be held responsible loi what his 
epigones do and write. In oiii time it is 
difficult really to expeiience one’s experi- 
ences, to comprehend the cold-blooded 
violence of contemporary events, about 
which we get only statistical news. The 
old-style conservative psychoanalysis has 
not helped people here. It has excluded 
the social scene m favor of the individ- 
ual, action in favoi of introspection, and 
histoiy and economics m favor of biolo- 
gy. That of course has had its effect on 
the \Mlidity of psychoanalytic theoiy and 
the lesults of its theiapeutic practice. 
The ingrown school of orthodox psycho- 
analysis has developed analysts who 
have raised to the nth degree the disdain 
for diagnosis of living people and turned 
instead to the development of more and 
more refined psychological mechanisms. 
I have seen the results of this type of 
thinking and practice not infrequently 
ovei the years. It sometimes reduces psy- 
choanalysis to a practice that knows only 
one diagnosis, one etiology and one cuie. 
Freud’s Outline does not contain a word 
of warning that unless there is a continu- 
ous clinical checking of the psychoana- 
lytic schemata in the individual case, 
there is the danger of a prolonged psy- 
choanalysis turmng into the disease 
which it started out to cui'e. Nor does 
the Oiitlme counteiact the present-day 
flirting of some analysts witli certain 
currently fashionable phenomena that 
might be called extra-common-sensory 
perception. 

One impoitant lesson taught by the 
latter-day development of psychoanaly- 
sis is the intricate relationship between 
theory and practice. In his last phase 
Freud— and even more his followers— be- 
came entangled in the idea that human 
beings possess an innate aggressiveness. 
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linked to destiuctiveness, which must 
find release if mental health is to be pre- 
serv’ed. Overdoing the originally coiiect 
piinciple of quantity in mental life to the 
exclusion of the clinical principle of 
quality, Freud in the Outline anived at 
schematic statements such as this ‘"A 
surplus of sexual aggiessiveness can 
change a lover into a sexual murderer, 
while a sharp duninution in the aggres- 
sive factor will lead to shyness or impo- 
tence.” 

This reasoning may— and m Freud’s 
followers often does— lead to an over- 
mechanical evaluation of eaidy experi- 
ence and tendencies, and to a disregard 
of the all-important defensive aspects of 
aggiessive behavior. What does that lead 
to m practice? Psychoanalysts divert at- 
tention fiom the important task of ar- 
ranging the social conditions of mature 
people so that waste, destruction and 
exploitation may be reduced and abol- 
ished. They have made many people be- 
lieve that if you analyze aggression in 
the kindergaiten you don’t have to fight 
it in the gi*o\Mi-up world. Where the pie- 
Freuclian psychiatrist treated an Adam 
who had no childhood, the post-Freud- 
ian psychiatrists are prone to put so 
much emphasis on Adam’s ctuldbood 
that they leave out tlie fact that he be- 
came a man with adult troubles, work 
and experiences. 

Their explanation of cruelty? as sadism, 
and of sadism as the death instinct, in my 
opinion has disquahfied the more ortho- 
dox devotees of Fieud fiom facing the 
anxietx’-producmg reality of violence in 
our time. How much more scientific psy- 
choanalysis was in its earliei period than 
in the piesent can be seen in its attitude 
tow^ard the social influences brought to 
bear on the child himself with regard 
to violence. In the middle 1920s Wil- 
helm Stekel wrote; ‘Intelligent parents 
should see that tlieir children do not be- 
come mere hookworms’ who devour one 
book after another and so lose then- sense 
of reality Many a boy and many a girl 
have been made unhappy by bad books. 

. . . Only the best is good enough for 
the growing child. . . . Fairy tales, at 
least in the foim tliat Grimm has given 
them, are unsuitable for cliildren. New 
editions for the various age levels should 
be printed in wliich all that is cruel will 
be eliminated or at least modified. It is 
not necessar\» . . for tortures and mur- 
ders to occur wholesale.” In contrast, 
consider the attitude of conservative 
present-day psychoanalysts toward the 
murder and horror “comic” books, com- 
pared with which Grimms faiiy tales 
were child’s play. One of the leaders of 
the conservative psychoanalytic school 
has said that these millions of unbeliev- 
ably crueT comic books should not be 
criticized because they are ‘ pait of the 
American scene.” And the psychiatric 
apologists for “comic” books have made 
ample use of latter-day theories about 


the need to satisfy mboin aggiessive in- 
stincts, disiegaidmg the obseivations 
and expel lences of countless mothers 
who have to deal with reality. 

Surely if a psychotheiapist believes 
that aggiession is inborn and its future 
course mechanically detei mined by 
childhood experiences, he cannot cany 
out a piolonged psychoanalysis on a pa- 
tient without this idea of his being re- 
flected ill the lesults. I have foi years 
collected and studied the effects on peo- 
ple of prolonged conseivative psycho- 
analytic ti’eatment, and the unattractive 



FREUD’S BIRTHPLACE still 
stands in Freiburg, A plaque honor- 
ing him now hangs beneath roof. 


ti'uth is that these “ex-” patients are 
among tlie most aggressive people to be 
found. 

T he great discovery of psychoanalysis 
w’as the discovery of the individual. 
The gieat error of late oithodox psy- 
choanalysis is to see the problems, the 
processes and the solutions only within 
the individual. Inasmuch as the indi- 
vidual from the very beginning grows 
and matures in a social medium, the 
disregard of social processes mars tlie 
theory and m practice may have dis- 
asti’ous effects on the individual. Freud 
taught us to understand the many eaily 
difficulties between parents and child. 
But they also occui in the context of the 
larger society, and the social position of 
the mothei, the father and the child is 
indispensable for understanding the in- 
dividual difficulties 

It is significant how often, and in 
what crucial places, in this brief Outline 
Freud refers to race, heredity and the 
primeval phylogenetic element. He 
speaks of “racial tradition,” and differ- 
entiates it from “social milieu.” But no 
race as such has a tradition except as 


determined by its “social milieu.” Heie 
again Fieud comes close to those existen- 
tialists who invoke “the call of oui an- 
cestors ” The whole concept of race in 
the sense in which Fieud uses it includes 
the idea of highei and lower races. A. A. 
Bull, the leadei of the old-style Freudian 
school m the U. S., wrote in his Lectures 
on Psijclioanahjtic Fsijchiatnj in 1946- 
“If you go to a neighborhood like Har- 
lem, wheie the colored race piedomi- 
nates, you will be immediately impressed 
—even ‘infected’— by the vivid emotional 
emanation. The Negroes as a lace are 
syntonic [exti overt]: they aie very acces- 
sible, very ready to talk if you give them 
the slightest encouragement.” Thus an 
overmdividualistic orientation, disre- 
garding social realities, leads to com- 
pletely false assumptions and conclu- 
sions. 

We psychoanalysts who wish to guard 
the true heritage of Freud and develop 
it in a truly progiessive manner do not 
visualize the future scientific develop- 
ment of psychoanalysis in terms of a 
formalistic allegiance to the dogmatic 
docti'ine as it stands. One must recon- 
struct Freud’s work on the basis of a 
realistic philosophy, of newer and bioad- 
er clinical observations, and on the full 
utilization of the experiences of man- 
kind during the last two decades. 
Neglect of the social element in psycho- 
analysis is based in large pait on tlie too- 
mechanical separation of biological and 
social. Such a psychological phenomenon 
as the Oedipus complex gams its leal 
foice fiom the veiy fact that it indicates 
both the social and the biological points 
of greatest tension. It is significant that 
the place wheie Freud’s Outline breaks 
off anl remains a fragment is a discus- 
sion of the super-ego, which is derived 
from the Oedipus complex and, as Fieud 
says, IS “between the id and the external 
world ” 

. The patient who comes to the thera- 
pist has an underlying emotional attitude 
not veiy diffeient from that of the tribes- 
man who went to a medicine man. He 
wants the evil to be exorcised, he wants 
help. The medicine man gave psycho- 
therapeutic help according to that stage 
of civilization Psychotherapy must 
change with the changing conditions. 
Too many patients who go to conserva- 
tive psychoanalysts now learn at gieat 
expense of time and money the details 
of how roads are built. But that is not 
what they need They need to be shown 
the right road The patient’s tiouble is 
that he is bound to the past. It is my firm 
belief that the therapist can help to break 
that spell only if he is bound to the 
future. 


Fredric Weii;ham, author of 
The Show of Violence, is presi- 
dent of the Association for the 
Advancement of fsychotheraptj^ 
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Give and keep giving to help science defeat the disease 
that strikes, on the average, one out of every two 
homes in America. Say to yourself .. .here /s life-giving 
money to help those stricken by Cancer to live again. 

EVERY NICKLE AND DIME I give helps support an 
educational program teaching new thousands how to 
recognize Cancer and what to do about it. 

EVERY QUARTER I give helps set up and equip new 
research laboratories where scientists are dedicating 
their lives to find the cause— and cure of Cancer. 

EVERY DOLLAR I send helps buy new equipment, helps 
establish new facilities for treating and curing 
Cancer, both still pitifully scarce in this country . . . 
Guard those you love! Give to conquer Cancer! 
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The history of maps: a thread running 
through the history of everything else 


of Henry cautioned a friend to scientific fact/’ Later maps evince moie 

whom he sent a "‘'Garde” (chait), spir- of fact and less of folklore, but social, 

it eel out of Seville, that it was “not to be economic and political circumstance 

by James R* Newman shewed or communicated'’ since it con- continue to pioduce their effect at the 

tamed ""secretes,” especially those di awing board. 

. The Story of Maps, by Lloyd A “touching the short way to the spicerie Brown’s stoiy begins with the Babylo- 

Biown. Little, Biown & Co. ($7.50). by om* Seas.” The Dutch East India nians. The star data gatheied by shep- 

Company labeled its matchless map col- herds and priests furnished the rucli- 

T HE fear, the greed and the secrecy lection “Secret Atlas.” The Spaniards ments of astronomy, a science upon 

that often sway human thought and weighted their chaits witli lead so that which caitography has always been de- 
action are nowhere moie plainly they would sink when thrown overbo aid pendent, 

exhibited than in the history of cartogra- and thus not fall into the hands of those From the reign of Sargon of Akkad, 
phy. Maps have long been associated anxious to cut into tlie rich Spanish 2300 B.C., there are preseived clay tab- 

with military intelhgence and national trade. Apparently the contemporaiy se- let land-tax maps, Babylonian ground 

security, because they might disclose to crets paranoia is a long-established, con- plans and surveying notes. Other extant 

an enemy or competitor how to get genital disease. maps precede by moie than a thousand 

where he wanted to go and what he I found these facts in Lloyd A. years the work of Anaximander and later 

would find when he got there. Ancient Brown’s Storij of Maps, a handsomely Gieeks who set the science of cartogra- 

peoples guarded their maps, unreliable designed, superbly illustrated volume, phy on a sound theoretical basis. Anaxi- 

though they were, as closely as vestal containing a detailed account of the mandei “taught, if he did not discovei, 

virgins. The Emperor Augustus, having mapping of tlie woild, the men who did the obliquity of the ecliptic,” and intro- 

ordered a survey of his domain, had the it, their product, methods, tioubles, mis- duced into Gieece the gnomon (a verti- 

maps locked up in the “innermost vault takes and successes. It is an absorbing cal shaft for measuring the altitude of 

of the palace” and distributed only to survey , the sun) and the sundial. Pythagoras pi o- 

generals and to the “schools of the The history of maps, as unfolded in vided the keystone of cartography with 

provinces for educational purposes.” Mr. Brown’s scholarly and readable stu- his conjecture— how he arrived at it no 

There is a story of a Caithaginian sea dy, is moie tlian a history of maps. It is one knows—that the earth is a sphere 

captain who, to prevent a pursuing a history— as reflected in the evolution of Aristarchus of Samos, a distinguished 

Roman squadi on from capturing his logs maps— of science, theology, exploration, mathematician, was the fiist, according 

and charts, “ran his ship on the rocks commerce and conquest. Each early map to Sir Thomas Heath, to put foi ward the 

and drowned his ciew ” “is a story in itself, often incorporating a heliocentric hypothesis, which crossed 

The theme persists through the years. little folklore and phiiosopliy, some art Christian theology by relegating man to 

An Englishman, Robert Thorne, subject both good and bad, and a smattering of his proper place m the universe. It be- 



IOTHtCEISTURY map lias the Mediterranean running 14TH-CENTURY MAP is roughly similar. Greece and 
from center to bottojm At left is Europe; at right is Rome are to the left of Mediterranean. Britain and Ire* 
Africa. Paradise and Eden {top) are in the Far East, land are near bottom. Map is surrounded by 12 winds. 
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came a source of unending dispute dur- 
ing the period when the Chmch i ejected 
as heretical any inconvenient theoiy not 
derivable from Scrip tuies or the sacied 
writings of Aristotle. 

Hippaichus, the astronomei and 
mathematician, added richly to cartogra- 
phy by his theoretical and observational 
lesults. He set the precedent of i elating 
‘'climate to celestial phenomena,” di- 
vided the sphere into 360 parts, fixed the 
length of the solar and sidereal years, 
noted the steady retrogression of the 
equinox among the stars, proposed the 
use of a network of parallels and meridi- 
ans, assembled a magnificent star cata- 
logue— to mention only some of his 
labors. “One of tlie most astonishing men 
of antiquity . . . and the greatest of all 
in the sciences which are not puiely 
speculative . . as Delamb re said of 
him. 

Perhaps the crown of these achieve- 
ments by the Gicek philosophers was 
the measurement of the circumference 
of the eaith by Eiatosthenes of Gyrene, 
born 276 B.C. With no better instru- 
ments at hand than a gnomon and an 
astrolabe, and only a few facts, such as 
that the linear distance from Alexandria 
to Syenc in Libya was known to be 500 
miles and that at the time of the summer 
solstice the sun was directly overhead at 
midday in Syene, he arrived at the re- 
markalile estimate of 25,000 miles. (At 
the equator, according to Herschel’s 
famous measurement, the circumfeience 
is 24,899 English miles.) Apart from his 
versatility in science and philosophy, 
Eratosthenes was apparently also a man 
of social sense. The maps of his time, be- 
sides other crudities and misinformation 
(the geographer Pytheas, for example, 
disclosed that noith of Thule, an island 
itself north of Britain, “there was no 
longer a distinction between earth, sea 
and air . . . [but] a weird combination 
of the three, a kind of gelatinous suspen- 
sion similar to a jellyfish,” which made 
navigation difficult), usually divided 
mankind into two groups, Gieeks and 
Barbarians. Eratosthenes, as Strabo, the 
chronicler of the period, tells us, 
“thought it would be moie sensible to 
divide them according to behavior, be- 
cause not all Barbarians weie bad any 
more than all Greeks were noble.” 

The Geography of ^ Strabo was the 
“climax” to the first great period of map- 
making. It presented the earth as a globe, 
incorporated a body of dependable astro- 
nomical information, and .supplied a 
scattering of reliable data on climate, 
population, customs, crops and topogra- 
phy. What was of greater importance, 
Strabo had consideied, not without use- 
ful results, some of the difiSculties“(:)f pro- 
jection and was fully conversant with the 
concept of fixing location by means of 
parallels and converging meridians. The 
Geography also gave currency to a vast 
quantity of misinformation, including at 
least one item of consequence, .namely 


Poseidonius' “improvement” on Eiatos- 
thenes’ measurement of the earth’s cir- 
cumference. Poseidonius gave this as 
18,000 miles, a datum which Strabo 
copied and Claudius Ptolemy “perpetu- 
ated” m his maps. For 1,500 yeais this 
estimate hampeied geogiaphy, exploia- 
tion and commerce and undoubtedly 
consigned numberless mariners to a 
damp grave. Columbus, however, was 
prompted by this erior to try to leach 
the Indies by sailing westward; the 
Western sea, thus underestimated, “did 
not look too broad or too forbidding” 
He turned for authority to the Almagest 
and Geographia of Ptolemy, whose 
writings, theories and maps, for more 
than a dozen centuries, weie the basis 
of what men knew about the world, then* 
guides to the exploration of land, sea and 
sky, 

Ptolemy was a geographer, mathema- 
tician, astionomer and cartographer. In 
all these fields he was less of an inno- 
vator than a systematize!*, but his con- 
tributions must not be underestimated. 
At any rate he turned mapping into a 
branch of learning deseiving tlie name 
of science. He perfected ti'igonometry 
and greatly extended the applications of 
astronomy to cartography. Many of his 
map legends and signs remain in stand- 
ard use; “he originated the practice of 
orienting maps so that the noith is at the 
top and the east to the right”; the conical 
and modified spheiical projections were 
his inventions, and the orthographic and 
stereogiaphic systems were first devel- 
oped in his atlas. To be suie, he per- 
petrated his share of blunders, even 
apart from adopting Poseidonius’ erro- 
neous calculations. Yet some of his mis- 
takes, as Brown suggests, appear to have 
been the result of the same social aber- 
ration, secrecy, to which I alluded 
earlier. The fact that the distances given 
m Ptolemy’s tables for the Mediter- 
ranean countiies are “erroneous beyond 
reason”— the Romans having accurately 
established these itineraries— has long 
perplexed historians. Ptolemy, hov^ever, 
was a scientist and scholar, not a mili- 
tary man, and it is doubtful (says 
Brown) that he would have had access 
to information the Romans regarded as 
“essential to the national security.” 

The Middle Ages, on the whole, were 
no better for map-makers than for any 
others preferring the empirical advance- 
ment of knowledge to the interpretation 
of what the long dead had written while 
ahve. Cosmas of Alexandria, surnamed 
Indicopleustes, a Christian, a traveling 
salesman, and, by avocation, a cosinog- 
onist, is a fair example of the medieval 
exegetes. Cosmas was a man of com- 
mon sense with no taste for radical ideas. 
His religious humility led him to refer to 
his “stammering and unready lips” and 
to trust to the wisdom of the Lord. This 
failed him though his lips did not. Be- 
sides his memoirs he issued a work en- 
titled Christian Topography, from 
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which, because it is not atypical of the 
age, I offer a few examples. Having 
compaied the world to tlie Fiist Taber- 
nacle— including the candlestick as 
equivalent to the 'luminaries of heaven,” 
the table to the earth, and the “shew- 
biead” to the earth's fruits— Cosmas went 
on to explain that the earth was flat and 
twice as long (from east to west) as it 
was broad. The earth was “suspended, 
as Job said, on nothing, but was founded 
on God's stability.” The “vault of heaven 
was ‘glued’ to the eaith along its extremi- 
ties. . . . There was only one face of the 
earth . . . namely, that which we dwell 
on. How could we use the God-given 
power to tread on scorpions and serpents 
if we walked upside down?” 

There is something about modern na- 
tionalism, not to say xenophobia, uncan- 
nily foreshadowed by Indicopleustes 
“Pagans,” he said, “do not blush to affirm 
that theie are people who live on the 
under surface of the earth. . . . But 
should one wish to examine more elabo- 
lately the question of the Antipodes, he 
would easily find them to be old wives’ 
fables. For if two men on opposite sides 
placed the soles of their feet against 
each . . . how could both be found stand- 
ing upright? The one would assuredly be 
found in the natural upright position, 
and the other, contrary to nature, head 
downward. Such notions aie opposed to 
leason, and alien to our nature and con- 
dition.” 

From this daikness of Gog and Magog, 
the light of a rational body of knowledge 
nevertheless began to emerge. The fabu- 
lous ]ouineys of the Messers Polo, the 
maritime ventures of Venice, Genoa and 
the Hanseatic League, the development 
of towns and the rise of a merchant mid- 
dle class, the Reformation, the scientific 
discoveries of Galileo, Brahe, Gopei- 
lucus, Xepler and Gilbert, the invention 
of punting, of the telescope and other 
astronomical and navigational instru- 
ments, all conti*ibuted to the advance of 
geography and map-making, Ev^en the 
Church, bent on the “militant diffusion 
of Christianity,” needed better maps foi 
its missionaries and crusades if they weie 
to ach.eve their destination. “Naviga- 
tion,” wrote Thomas Blundeville, “is an 
Art which teacheth by true and unfalli- 
ble iTiles, how to go\^erne and direct a 
Ship, Safely, rightly and in shortest tmie. 
I say heere safely so fane as it lyeth in 
man’s powei to performe.” 

The maps of Gerard IMercator, 16th- 
century Flemish cartographer, engraver 
and instrument-maker, enormously facil- 
itated the practice of this perilous art. 
His famous projection may be explamed 
as follows. If a balloon covered with a 
network of parallels and meridians is 
placed inside a cylinder and inflated, the 
expansion will cause the curved merid- 
ians to straighten and, together witli 
the parallels of latitude, gradually to 
flatten against the cylinder walls. If the 
network has been inked, when the cylin- 


der is uni oiled you will find impressed 
on its inteiTOi walls a Mercator projec- 
tion. This conformal piojection (in 
which angles are preserved) of a spheie 
onto a plane surface, foi all its distortion 
of shapes and distances at the exti-emi- 
ties, was the “answer to a manner's pray- 
er.” It was geometiically accurate, its 
distortions were proportional and af- 
fected regions little fiequented by ships 
engaged in ti'ade, exploration or war. 
Theie is no such thing, writes Brown, as 
an all-piupose map; but as an aid to 
navigation “the Mercator chart has never 
been approached.” 

The 16th, 17th and 18th centuries pro- 
duced a senes of incomparable atlases. 
They included Mercator's own cele- 
brated work which made the word “at- 
las” a synonym for a map collection; the 
Spieghel der Zeevaerdt (The Mariner’s 
Mirror) compiled by Lucas Janssz Wag- 
enhaer, the Theainim Orbis T erratum 
of Mercator’s friend Ortelius, and the 
Co^rnographiae Introductis by the Swiss 
Waldseemiiller, who first used the name 
America in his maps. (But for his 
choice, I suppose, a noted present-day 
board of inquisition might be known as 
the Un-Vespuccian Activities Commit- 
tee, ) The political consequence of these 
volumes was profound. Wagenhaer's 
charts, for example, which provided 
“concise sailing directions for a hotly 
contested area,” reached the market, as 
Brown points out, when European pow- 
ers and the Queen of England most 
needed them. 

Besides being useful, the atlases were 
magnificent specimens of art and book- 
making. They came in library and pock- 
et-size editions, engraved, “diapered” in 
gold, goigeously coloied with cochineal, 
copper gieen, vermilion blue bice, indi- 
go, ultramarine, tmctuie of mynh, ivory 
black, king's yellow and white tartar. 
The colois weie apphed to fine, strong 
papei with a camel's-hair brush and then 
fixed with egg white. Other necessaiT 
equipment included gum-aiabic pencils, 
quicksilver, “Hai'tes borne,” the yolks of 
“newe laide egges” left standing till 
“clammy and rotten,” lampblack made 
by “a buinynge torche,” “Sal-arm oniak,” 
the “joyce of garlike” and horse dung. 
The embellishments were of endless va- 
riety: the East Wind “a youth with 
puffed and blown cheeks”; the North 
Wind an old man with “a horrid and 
terrible look”, mountains, towns, roads, 
rivers, mines, parishes, coastlines with 
special symbols of their own. Brown's 
account of tlrese details is among the 
most entertaining portions of his book. 

He describes capably the gradual 
evolution of astionomical and naviga- 
tional instruments necessaiy for the de- 
termination of latitude and longitude: 
the cross staff, telescope, compass, quad- 
rant, sextant and octant, the contribu- 
tions to cartography of Newton, Huy- 
gens and various scientific bodies; the 
design and construction of accurate 
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clocks. The persistent search for a relia- 
ble method of determining longitude at 
sea produced its share of fantastic as 
well as sensible suggestions. Sir Kenelm 
Digby, for example, invented a '"powder 
of sympathy’' which, by a method I shall 
not attempt to repeat, caused a dog on 
shipboaid to "yelp the hour on the dot.” 
This was not the final answer to the 
pioblem of the reliable timekeeper. John 
Harrison, the Yorkshire carpenter, did 
better with his famous No. 4 chronome- 
ter, which took 50 years to make but lost 
only one second pei month in trials at 
sea. In pressing his rightful claim to the 
huge reward of £- 20,000 offered by 
Pailiament for a dependable chionome- 
ter, this "very ingenious and sober man,” 
as a contemporary called him, was the 
victim of a senes of unsurpassed chican- 
eries perpetiated by scientists and politi- 
cians m combination. He got his money, 
but only after the King had inteivened 
on his behalf, Lord North had petitioned 
the House, and the ledoubtable Fox had 
threatened to name names. It took 15 
years to win the fight. 

A valuable, iichly enjoyable book. I 
am sorry to say that for all its thorough- 
ness it tells us almost nothing of the maps 
of primitive societies or of those of tlie 
Orient; it skimps the exploits of the 
Vikings and Phoenicians; contemporary 
caitogiaphy is somewhat hurriedly dis- 
posed of; and Mr. Brown is not at his 
best in explaining lor popular compre- 
hension the many-sided pioblems of pro- 
jection. But to stress these defects would 
be, to fall back on a leviewer's cliche, 
simple ingiatitude. 

P hilosophy for toe Future, edited 
by Roy Wood Sellars, V, J McGill 
and Marvin Farber. The Macmillan 
Company ($7.50), A better than aver- 
age symposium which traces the origins 
of philosophical materialism, examines 
its relationship to diverging systems of 
thought, and argues that modern, or 
critical, materialism provides the most 
satisfactory framework for unifying sci- 
ence and philosophy and for turning 
these activities to the consistent advan- 
tage of human society. While a number 
of the essays are written m the usual 
viscous vernacular, the contributing sci- 
entists and philosophers on the whole 
present their case impressively, and it is 
a volume peculiarly welcome in this pe- 
iiod marked by a counter-reformation of 
anti-intellectuahsm, irrationalism, fear 
and widespread appeals to orthodoxy 
and authoritarianism. 

T wo Memoirs, by John Maynard 
Keynes. Rupert Hart-Davis (Lon- 
don) . A delightful pair of essays by the 
late John Maynard Keynes who, because 
of his theory of deficit spending, has be- 
come a target of considerable political 
vilification. One essay describes Keynes' 
part in the 1919 negotiations to lift the 


blockade again&t Germany; it is of the 
same character as his famous Economic 
Consequences of the Peace. The other 
essay, entitled "My Early Beliefs,” is a 
brilliant paper, written, as was the other, 
to be read to a small audience of close 
friends who shared with Keynes intimate 
memories of their social and philosophi- 
cal companionship at Cambridge, "Truth 
and wit,” as David Garnett observes in 
his brief intioduction, "are felt by many 
to be rather shocking virtues which 
should appear in public only if they aie 
decently veiled.” These virtues, borne 
along on an effortless prose style, aie 
exhibited heie as in all the wiitings of 
this many-sided man. The frontispiece 
photogiaph showing Bertrand Russell, 
Keynes and Lytton Strachey in conversa- 
tion IS a gem. 

Y our Child's Mind and Body, by 
Flandeis Dunbar. Random House 
($295). An intelligent, unsentimental 
handbook on the care and lepaii of 
children, with pi unary emphasis on tlie 
psychosomatic aspects of their problems. 
Dr. Dunbar's most persuasive point is 
that if you have learned to be a good 
parent to yourself you will lj>e a good 
parent to your child. She demonstrates 
this effectively in a variety of situations 
and by many examples from, piesuma- 
bly, her own practice. Unfortunately she 
has an uncanny inability to reproduce 
child-parent dialogues so that both par- 
ents and children sound like angels of 
reasonableness, and the clinical mop- 
pets like brightei versions of John Stuart 
Mill. 

H igh Jungle, by William Beebe. 

Duell, Sloan and Pearce ($4.50). 
Dr. Beebe, Director of the Department 
of Tropical Research of the New York 
Zoological Society, has led ^47 expedi- 
tions for animal study to various parts of 
the woild, including the Himalayas and 
the bottom of the Atlantic His 22nd 
book, fluent, entertaining and informa- 
tive, is based on three visits to the Vene- 
zuelan Andes, spent mostly at his 
Rancho Crande Laboiatory, an im- 
mense, half-finished concrete sti’ucture 
intended as a palace for a Venezuelan 
dictator, Juan Vicente Gomez. When 
Gomez died one December day m 1935, 
the palace workmen promptly dropped 
their nails, bricks and tools and aban- 
doned the job. By courtesy of the Vene- 
zuelan government and a kind oil com- 
pany, Dr. Beebe’s party was given 18 
rooms in this structure, situated in the 
heart of the coastal mountains, for re- 
search, living quarters and as home base 
for field trips. Apart from a somewhat 
tiresome tendency to attribute human 
qualities to all organic forms from avo- 
cados to wrens, and to splash a subject 
already rich in color with more color. 
Dr. Beebe tells his stories well. His chap- 
ter on ants is fascinating, as are several 
of the photographs. 
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Conducted by Albert G. Ingalls 

THEN the astionomers at Palo- 
mar Mountain Observatory an- 
^ ^ nounced that the already good 
mirror of tlie 200-inch telescope was 
to be perfected by polishing a few mil- 
lionths of an inch off its outei IS inches, 
many -readers wondered how telescope 
makers can accmately measure the re- 
moval of such small amounts. 

Such measuiements are too delicate 
to be made with mechanical devices. 
Instead, a special kind of weightless and 
inflexible indicating pointei is used— rays 
of light. The drawing at the bottom ol 
this page sbo\vs in principle how such le- 



fined curves are measuied. The follow- 
mg explanation is addressed not to tele- 
scope makers, who alieady understand 
its substance, but to general readers. For 
simphfication some comers can be cut 
without harm. 

Of the thiee arrangements shown side 
by side in the drawing, only the centi'al 
one need be noted at first. The three 
disks in the background may be ignored 
for the present. 

In the drawing, rays of light are di- 
rected at the minor fiom m fiont of it, 
for simplicity these rays aie not shown. 
If the mirror is spheiical, i.e , if a large 
spheie would fit against it, these rays 
wall all be reflected to cross one an- 
other at some single point in space 
The metliod used to determme this is to 
locate representative i effected rays by 
means of a movable feeler. For this a 
razor blade on a little pedestal serves 
about as w^ell as w^ould more complicated 
apj?aiatus. This “knife-edge’’ is slowly 
moved by band fiom left to right, cut- 
ting off ray after lay, each of wdiich is 
thus identified with the pai t of the min or 
from w^hich it is reflected At a distance 



of a few feet these pointers of light 
greatly multiply the mirror’s irregulaii- 
ties. Thus a millionth-of-an-inch change 
of angle on the mirror deflects the light- 
lay pointer an easily detectable lum- 
diedth of an inch at knife-edge distance 

One deviation from the spbeie that is 
actually desiiable is the paraboloid. The 
mirror maker knows that he has deep- 
ened his sphere the few millionths of an 
inch needed to make it a paraboloid 
when the rays reflected fiom the innei 
part of the mirroi (left-hand mirror) 
cross one anothei nearer the miiioi than 
those reflected from the outer pait 
(riglit-ha7id minor) by a distance r^/R, 
w^here r is the half-diameter of the min oi 
and R is the radius of its cuivature. The 
actual distance involved is seldom more 
than a fraction of an inch. The scale of 
things near the knife-edge is exaggei ated 
in the drawing. 

An auxihaiy method used by mirroi 
makeis for keeping track of the curve 
between spells of work is to set the mii- 
lor up on edge, as showm in the lepie- 
sentations in the background, place the 
eve close behind the kmfe-edve, and 

- o 



The Foucault knife-edge test. Shadows on the mirrors are emphasized for clarity 
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move the knife-edge paitly across the re- 
flected rays. A paraboloidal miiror will 
then show ovei its surface a pattern of 
lights and shadows like the one in the 
centi*al repiesentation. The origin of this 
peculiar pattern— new moon on the left, 
oval on the right, with subtle intergra- 
dations— will be seen if the six typical 
lays shown are traced from the minor to 
the knife-edge. Some rays are cut off 
by the knife-edge, and the coriespond- 
mg areas on the mirror look dark. Other 
lays, swung farthei right by a slightly 
diffeient angle on another part of the 
mirror, pass the knife-edge and enter the 
eye, making the corresponding part of 
the miiror appear bright. The patterns of 
shadows that are found on telescope mir- 
rors as polishing progresses, some of 
them indicating excellent shape, otheis 
indicating evil shapes too numerous to 
mention, soon become as familiar to the 
workei as his own features 

This exquisite and most levealmg 
method is the ‘‘Foucault test” invented 
by the French physicist and telescope 
maker Leon Foucault, who described it 
in 1859. It has been said that the Fou- 
cault test changed mirror making from 
an ait to a science. This is true, but the 
remainder of the picsent aiticle will 
show that mirror makeis before Foucault 
weie not so much in the dark as such a 
statement might imply. 

I N 1773, 86 years before Foucault le- 
vealed his kmfe-edge test, William 
Herschel began making mirrors of spec- 
ulum metal and of glass, ending about 
1789 with a 40-inch mirror. Constance 
A. Lubbock, in The Herschel Chronicle, 
tells how Heischel tested bis murors. 
Placing them temporarily in a telescope, 
he successively isolated three zones with 
masks and located the locus of each. Pie 
then figured the mirror till all three zones 
had an equal focal length. In 1924 the 
British amateur telescope maker W. H. 
Steavenson tested a dozen of these old 
mirrors that had been preseived by Her- 
scheFs descendants in the family home at 
Slough, 20 miles west of London. Stea- 
venson's tests, made by the Foucault 
method, which was of course wholly un- 
known to Herschel, show that while 
Heischel sometimes grossly overcor- 
rected bis mirrors, he often obtained 
proper correction. Steavenson’s findings 
on 12 of Herschel’s miirors revealed the 
following conditions. 

Speculum mirror, 9-mch /7 Gi ego- 
nan. Figure very even, one high zone. 

Speculum mirror, 7-inGh fll Grego- 
rian. Figure very even, except for a nar- 
row shallow zone. 

Speculum mirror, 6-inch /5.6. Figure 
only very slightly uneven, but 414 per 
cent correction. 

Glass mirror, 6/2-inch fl3. Good pol- 
ish. Even figure so closely spherical that 
no zonal test was made. 

Glass mirror, 8K-inch /14. Figure very 


even, except for three nariow zones. Too 
nearly spherical foi zonal test. 

Glass miiror, 632-mch /1 3.5. Even fig- 
uie, except for two naiiow zones, hut 
1,015 per cent corieciion. 

Speculum mirror, 5-inch f3.6. Figure 
even; no zones. Parabolic shadow, but 
too shoit a focus for testing apparatus 

Speculum mirror, 9-inch /S. Very 
even, legulai figme. Too neaily spheiical 
for zonal test. 

SjDeculum miiror, 8.8S-mch /1 4. Verv 
smooth, nearly spheiical and regular, ex- 
cept for a deep, bioad zone spanning 40 
per cent of the minor’s radius. 

Glass minor, 9-mch fl3, Vj-inch thick. 
Too violently distorted when stood on 
edge to permit testing. 

Speculum mirioi, 8.8-mch /13. Very 
even, except for thiee zones. No zonal 
test made because of neainess to spheric- 
ity. 

Speculum mirroi, 6.1-inch /13.9. A 
beautifully smooth curve from center to 
edge without sign of zones or other u*- 
legularities. Conection 62 per cent. 

In his book The Telescope, Louis 
Bell mentions Herschels so-called ‘'7- 
foot” (Heischel designated telescopes 
by their focal length), a Newtonian re- 
flectoi with which he discoveied Uranus. 
The drawing on page 62 depicts a 
Heischel 7-foot now at Oxford Univer- 
sity, Steavenson tested and used another 
Herschel 7-foot which he found among 
the miiTois, 30 elliptical Newtonian flats, 

9 Gregorian secondaries, 48 eyepieces, 

10 micrometers and 33 miscellaneous 
pieces of apparatus pieserved at Slough. 
(Later he described them all 111 the 
Transactions of the Optical Society, 
Volume 26, pages 210-236.) The last 
miiror in the list above, the one with 62 
per cent correction and “a beautifully 
smooth curve,” was the one m the 7-foot 
tested by Steavenson. “This,” Steaven- 
son writes, “is the only complete instru- 
ment in the collection. It stands in the 
entrance hall of Observatoiy House, and 
is m good condition and fair working 
Older. Both tube and mounting are of 
mahogany, the former being of octagonal 
section, like all HerscheFs smaller tele- 
scopes. Both mirror and flat were much 
tarnished, the cover of the former being 
far from airtight, and the latter being 
without a cover of any kind. A good deal 
of the tarnish on both was removed by 
means of lemon juice, and a useful 
proportion of the oiigmal reflectivity 
was thus restored. 

“The large speculum, of diameter 
6.2 inches and focal length 7 feet 2)4 
inches, was removed from the tube and 
subjected to a Foucault test. The latter 
showed the figure to be beautifully regu- 
lar, without a trace of rings, A measure- 
ment of the zones suggested the pres- 
ence of a veiy slight degree of under- 
correction, the test being made under 
conditions of constant temperature. The 
mirror was then replaced in the tube and 
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ROSS STELURSCOPE 



Lifjhr, 1101 table, weighs 


$ 15.50 

Same Principle 
as Mf. Palomar 
Newfonlan 
Telescope 

Complote, Irnoelced 
douri, ready to be as- 
sembled in l.l minutes 
All boles diilied, no 
additional parts iieees- 
saiY ' Lenses complete- 
ly gioinid, polished and 
aluminized Sharp, 
clear images guaian- 
teed , no colm fringes, 
fuzz ui dlstoilion 
only 0 lbs. 


Not a Toy' This Is a pieeision liistriinient foi 
seiious woik on the Planets, Moon, Vaiiable 
Stars, Nebulae, etc Also excellent foi bird 
study and other tenestiial observations The 
amateui will expand his book knowledge of 
astronomy by actually sceiny the heavenly 
wonder s 


The outfit contains eveiy part, optical and 
mechanical, needed to make the Stellar scope, 
except the tripod 


FULL INSTRUCTIONS. COM- 
PLETELY ILLUSTRATED WITH 
PHOTOGRAPHS. INCLUDED 
(INSTRUCTIONS ALONE SOc) 


Ail that is required to assemble this Ross Stel- 
larscope is a small screwdriver, also furnished. 
Nothing to buy! Send for your Ross Stellar- 
scope today ! 


KNOCKED DOWN 

Telescope (6 lb.) $15.50 

Tripod (3 lb.) 8.50 


Bausch 85 Lomb 


SPECIAL WIDE-FIELD 
EYEPIECES 



2 , 3 


Uaiii.sden type oculars with evcellent conection 
and light-trausnntting power h Comfortably 
laige apeitiirc and conical ej^e-lciis mounting 
add to their tonveniencc in use when the ob- 
seiver Ls wealing spe(*taclt's. High eyepolnt 
poimits the entire field to be viewed .simultane- 
ously with 01 without eve-glasse.s Quantities 
are strictly limited If these eyepieces were 
reordeied today they wmuld have to .sell for 
three times our present price All fit standard 
telescope eye-tubes. 

#3 Modified Bamsderi design 
ocular E.F.L. , $8.50 

POLAROID 

Experiment with 
polarized light 
(let two pieces of 
2"’ X 2" genuine 
Polaroid film that 
can be used in 
photography, pe- 
tiology, physics, chemistry, astronomy* etc. 

$1-00 nostpaid 



^iroiiiited In optical glass 3" diameter (72mm) 
$1 00 each, 2 foi $2 00 


Include Postage — Remit with Order 

Send 50e for Up-to-minufe Cofotog 

HARRY ROSS 

MICROSCOPES---TELESCOPES 
Scientific and Laboratory Apparotu; 

70 West Broadway, New York 7. N. Y. 


7 X 50 


BINOCULARS 

MADE TO RJGID MILITARY SPECIFICATIONS 

Brand New 
$ 




These magnificent, imported 7x50 prism binoculars 
have the brtllianf (ummosify, precise clarify, and 
wide, undistorted field of view obtainable only 
with a good large glass Because 7x50 glasses give 
the highest performance obtainable they are now 
the official choice of the Army, Navy and Marine 
Corps. This IS your opportunity to purchase a 
brand new 7x50 AT ‘/j OF THE USUAL COST 
Lifetime construction. Lightweight aluminum 
body. Individual eye focusing Ultra-precise op- 
tics, sealed against moisture and dust. Unques- 
tionably the greatest binocular value available 
anywhere Sold with a guarantee of satisfaction 
or money refunded 


Price With 
Regular Optics 


Price With 

Coateii Lenses & Prisms 


%3b* 


$46* 


*PIus 20% Federal Tax 
IMMEDIATE DELIVERY. WE PAY THE SHIPPING COST 
Catalog of Telescopes, MicroscopeSi Binoculors 
Free on Request 



Dept. lOK, 24 W. 45th St.. Nev# York 19. N. Y. 



{ For the first time an instrument capable of 
■4 serious astronomical research is available 
for less than $200.00! The Saturn 3 Inch 
' Portable Refractors are precision made by 
the West's largest makers of observatory 
vj: instruments, objective lenses are highest 

' grade precision ground, achromatic f-15 
crown and flint glass, all moving parts are 
precision machined. 

» ^ Although the Saturn 3 Inch Refractor has 
/ a 45 inch focal length, the instrument is 
easily portable, weighing less than thirty 
pounds, including tripod. 

^1 Saturn 4 inch Portable Refractors from 
M $345.00; larger instruments manufactured 
L, to order, 

0 Write for literature 0 ivrhg full information 
£ on the Saturn Refractors. 




2528 Grove Street 
Berkeley, Californio 



Sir William licrscheVs famous '^7-foot''" reflecting telescope 


the whole telescope taken out of doors 
foi actual testing on celestial objects. 
Foi this one of Ileischel’s own eyepieces 
was used, a single biconvex lens giving 
a power of 361. No obseiva Lions were 
made until the telescope had stood in the 
open air for several hours, but even with 
this piecaution the cftect on the mil r or 
of a steadily falling temperatuic was 
very marked, for wheieas the figuie had 
appeared slightly but definitely under- 
corrected at a constant temperatuic, it 
was now found to have passed through 
die paraboloid to a state of slight over- 
coirection, However, definite rings wexc 
visible in the expanded images ot stais 
on both sides of the focus, while at the 
lattei itself theie was nothing to indicate 
any departure from perfect conechon. 

'‘Apart from the inevitable color and 
loss of definition in the peripheral poi- 
tions of the field (due to the form of 
the eye 2 riece), the peifoimance of the 
telescope was most admirable, Of course 
die hght grasp was deficient, owing to 
tarnish, but it did not seem inferior to 
that of a 3-iiich refractor, the comjianion 
of the Pole Star being easily seen. The 
detail on the Moon was as fine as that 
shown by any modem reflector or le- 
fi actor of similar apertuie. The shape of 
the second jieak m Tycho was well made 
out and the tiiird peak, to the west of it, 
could just be seen. Tbe central craterlet 
in Plato was clearly seen as such, and 
one or two of the minute craterlets on 
the west half of the floor of Clavius were 
definitely visible. This is about as much, 
as regards detail, as a modern 6-inch 
I refractor will do. Venus and Jupiter were 


exquisitely defined. Arcturus showed a 
neat disk with diffraciion rings, winch 
IS more than is brought out by many 
niodeni icflectors. 

"It has often been siiggcslcd that IIci- 
schers mslrunieiits, ihougli uiaikmg a 
gieat advance on {nevious cffoits, would 
not be accounted good according to pres- 
ent-day staiidaids. Anyone holding such 
an opinion would, I think, feel inclined 
to revise it alter a glance ihiough this 
beautiful 7-foot telescopic. ” 

N OW we drop back a third of a cen- 
tury. In his Compleat System of Op- 
ticks, piublishod at Cambridge, England, 
in 1738 (the ycai Hcrschel was liorn), 
Robert Smith gave instructions for spec- 
ulum making that were destined to be 
the beginnei’s guide for Hcrschel the 
amateui 35 years latei. 7'o find the cen- 
ter of curvature of a speculum Smith’s 
method was to set it on edge opposite a 
candle. Selecting a tiny pinhole near the 
edge of the tin, he shifted candle and tin 
until he could simultaneously focus m 
the eyepTiece the edge of the tm and the 
image of the pmholc reflected from the 
sjreculum. Plow ho then tested the spiecu- 
liim is described in bis book thus: 

"You will now also judge of the 2 )er- 
fection of the spherical figuro of your 
metal by the distinctness with which you 
see the representations of the holes, with 
their raggedness, dusts and small hairs 
sticking in them; and you will be able 
to judge of this more exactly and like- 
wise to discover the piarticular defects 
of your spDeculum, by placing the eye- 
glass so as to see one of the smallest 
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holes in or near its axis; and, ^by 
turns shoving the eye-glass a v. itle 
forward towards the speculum ai^Tf^ull- 
ing il away from it by turns, letting the 
candle and plate stand still m the mean 
time. By this means you will obseive in 
what manner the light from the metal 
comes to a point, to form the images, and 
opens again aftei it has past it. If the 
area of the light, just as it comes to or 
parts from the point, appears not round 
but oval, squarish, oi triangular &c. it is 
a sign that the sections of the specular 
siudace, through se vei al diameters of it, 
have not the same cuivalure. If the light, 
just before it comes to a point, have a 
brighter circle round the circumference, 
and a greater darkness near the centei, 
than after it has crossed and is paiting 
again; the surface is moie curve towards 
the circumference and flattei about the 
center, like that of a piolate spheroid 
lound the extremities of its axis, and the 
ill eftects of this figure will be more 
sensible when it comes to be used in the 
telescope. But if the light appears more 
hazy and undefined near the edges, and 
brighter in the middle befoie its meeting 
than afterwaids, the metal is then more 
cuive at its center and less towards the 
circumference; and if it be in a proper 
degiec, may probably come near the tine 
paiabolick figure- But the skill to judge 
well of this must be acquired by observa- 
tion. 

"In pcrfoiming the foicgoing exam- 
ination, the image must be leflected 
back as near the hole it sell as the eye’s 
approach to the candle will admit of, 
that the obliquity of the reflection may 
not occasion any sensible errors: m order 
to which the eye should be skreened 
from the candle, and the glaring light 
which may disturb the obseivation may 
be still more effectually shut off, by plac- 
ing a plate, with a small hole in it, in the 
focus of the eye-glass which is next the 
eye. A is the speculum, B the candle and 
plate with the small holes, C the cell 
with the eye-glass and plate behind it. 

‘Instead of the flame of the candle and 
l^late with small holes, I sometimes made 
use of a piece of glass thick stuck with 
globules of quicksilver, strained through 
a leather and let to fall on it in a dew; 
placing this glass near a window and the 
speculum at a distance on the side of the 
room, being it self and every thing about 
it as much in the daik as can be. The 
hght of the window reflected fiom the 
globules of mercury, appearing as so 
many stars, serves instead of the small 
holes, with this advantage, that the re- 
flection from the metal may be very near 
at right angles.’’ 

A nother example of pre-Foucault 
- methods of testing telescope miirors 
is from the Philosophical Transactions of 
the Royal Society of London, Volume 
130, Part 2 (1840), in which Lord Ox- 
manton, the third Earl of Rosse, born 


William Parsons, describes his method of 
testing as used on a 36-inch speculum. 
The dial plate of a watch is suspended 
from a high tower, face downward. At 
the bottom of the same tower is tlie 
speculum, face up on its machine. Lord 
Rosse used masks "as Mudge did.” 

How Mudge used masks was de- 
scribed m the same periodical, Volume 
67, page 335, in a paper that Mudge 
delivered in March, 1777. He placed a 
sepaiating mask having one eighth the 
diameter of the mirror opposite a zone 
midway between the center and the 
edge, and tested first the inner zone and 
then the outer one both for definition 
and for coincidence of focus. If the two 
images were equally shaip and of equal 
focus "the speculum,” he said, “is per- 
fect and of tiue paiabolic cuive.” 

Foucault described his test m 1859. 
Two years later William Herschel’s son 
Sir John, in his Encyclopaedia Britannica 
article on the telescope, repimted as a 
book, The Telescope, in 1861, briefly 
outlines Foucault’s “peculiar method.” 
But he piefeis the diffi action-ring test 
{Amateur Telescope Making, page 428) , 
supplemented by his fathei’s test of 
matching three zones for focus on the 
.stars, and the watch-dial test of Lord 
Rosse. Thus the older mirror makeis did 
not rush at once to use Foucault’s test. 
In 1887 With, the English professional, 
wiote the following about a mirror. 
"Among my choicest of the choicest, I 
find one recorded thus: ‘ 8)2 focus 5 feet 
3 inches. Absolute Peifection, Not for 
Sale,’ ” F. J. Hargreaves, Britain’s foie- 
most optician, who was once an amateur, 
states in the Jownal of the British Astro- 
nomical Association that Witli had no 
knowledge of Foucault’s knife-edge test. 
Haigi eaves found in 1941 that this mir- 
ror "gave images as nearly perfect as any 
I have ever seen, even with a magnifica- 
tion of 500 diameters.” He tested it by 
the Foucault method and found that it 
"showed no imperfection, apait from a 
nairow tinned-down edge.” 

Hai greaves’ article was shown in 1941 
to Russell Poiter, who jotted on the 
page, "Anderson judges the 200-iiich 
mirror by inspecting image of pinhole 
as much as by knife-edge test,” 

Nothing said above may be taken as 
m any sense derogatory to the knife-edge 
test, best of all tests. The evidence 
assembled may, however, show that 
workers before Foucault’s time were not 
so much in the dark as we sometimes 
assume. 

In Amateur Telescope Making— Ad- 
vanced, page 48, Everest states that he 
once made a minor only by “feel” in the 
grinding and by the appearance of the 
polish as it came up. Yet the mirror came 
out 50 per cent corrected. A winter’s 
contest within a group of amateurs might 
well be to see who can make the best 
mirror exclusively by the methods avail- 
able before Foucault. 
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ACHROMATIC TELESCOPE OBJ ECTIVES— Perfect 
j'M.ijfiiosHim riuonde Coitted ajui cemontotl Gov't 
Suiplus lonses m.ide of finest Crown and Flint 
optical jTloss They aie fnlly coirectcd and have 
tremendous icsolvinK iiowei Guaranteed well 
suited for Asti onotnicnl Teioscopes, Rpottlnjr 
'-.oopo'^, etc Ougrmal Gov’t cost approMmately 


$100 00 each 
Diameter 

Focal Length 

Each 

(2iV') 

6ft0m/m (2 3^,^") 

. $12.50 

7(iin/m {*5") 

3 81ni/m (IT)") 

$19.00 

SIiiiM 

622ni/m 

$22.50 

S3 111/ 111 (3Vi") 

876m/ni (3 iVj") 

$28.00 

83m/ m 

lOlGm/m (40") 

$30.00 


Art PfIMIFR TTEtESCOPE 

I Ulritll Coated Lenses 



♦ 

♦ 


40X— PINE for Astronomy 

30X— SUPERB for Long Distances 

20X— EXCELLENT Spotting Scope 

lOX— WONDERFUL for Close Study 
Precision Amoi lean Made variable Power Telescope 
(not War surplus; FOUR TGLESCOPLS in Ont 
lOX, 20X, aOX, and 40X MaKuesium-fluoi Ido 
H.ird Loatod I.ensts Achromatic Qhiectlve lens 
SI/h" Cjam/m) di.i I enp-th closed O 1 - 2 ", open 
371 , 2 " Aluminum and brass constructltm thiougli- 
out Genuine Loathei cmoimg' Wetffht J42 50 


28 ozb. 



3X ELBOW TELESCOPE 

Will make a nice finder Brand 
new Has 1" Aclironiatii! Objective, 
Aniici rrxsm Erecting 
Si stem Adiro- 

niatii E>e and Field 
Lens Itetiele Small, 
ronipact, light weight, 
3 lbs. $5.50 


I 

♦ 


LENS CLEANING TISSUE-Hcro is a Wonderful 
Gov’t huijJliis Bu> of Pet feet Paper Which was 
made to the hiKhest Gov't Standards and spoci- 
firations. 500 sheets, 

Hizc 71 / 2 " X 11" .... 


$1.00 


‘‘FREE CATALOGUE” 


WE PAY THE POSTAGE 

A. JAEGERS 93 - 08 A 95 th AVfl. 

qj, 0 NE PARK 16 . N. Y. 


WAR SURPLUS BARGAINS 


ASSEMBLE YOUR OWN BINOCULARS 
Save More Than Vi Regular Cost* 
GOVT'S 7x 50 
BINOCULARS 

Complete Optics, com- 
plete Metal Parts Now 
and ready foi assembly 
We supply full instruc- 
tions 

METAL PA RTS-Set tn- 
cludes all Metal Paits— 
completely finished foi 
.ibbomhly of 7 X .50 Bln- 
oculaib No mdchiningr 
requued A .stUK^ Bin- 
ocular Cariymg Case is 
optional with each set 
of Metal Parts, 

Stock #842-5— $39 40 
Postpaid, phis $4 SO 
for Case— Total S44.20 
OPTICS— Set uieludeb all 
Lenses and Pi isms vou 
need for assemhliug 7 x 70 Binoculars These ore m excel- 
lent condition — peifect or noar-perfect — and h.ave new low 
j eflection coating 

Stock #S102-S— 7 X .50 Optics . $25 OO Postpaid 

I’Jhcse are btandaid Amei it.in-made parts . , . not Jap- 
anese, Flench or Gciman ) 

NOTICE! If jou buv both Binocular Optics and Binocular 
Metal Parts, add 20 Cj, Fedcial Bxoise Tax to abose prices 

Also Gov't 5 X 30 Binoculars. Write for CataJog "S’’' 
MOUNTED ANASTIGMAT LENSES 

Use foi Piojectors, Eiilaigeis, Copying Cameras Com- 
plete with Shutter and Diaphiagm Value about $20. An 
PNcellent buy WE WTLI. INCHJDE FBEB 1L.LU'=5TIIATED 
booklet on HOW TO M\KE VOUR OtVN ENLARGEH, 
Stock #8004-5 Speed f/7 7, foctil length approx 127 
mms Suitable for pictures, neiratives, positives up to 
31 2 " X 41 : 4 ". . .... .$7 50 Postpaid 

Stock #8006-5 Speed of f/7 7, focal lenfith approx- 
lOO inms Suitable foi pictures, etc,, up to 21 / 4 ." x 

SlV. . .. $8.50 Postpaid 

Stock #8007-5 Speed of f/6.3, focal length approx. lOO 
mms . . . .... .$9 50 Postpaid 

SIMPLE Hens kits'— the lens chapters de- 
li ghti Fun for adultil Fun for children! Kits Include 
plainly written, illushated booklet showinir how you can 
build lots of optical items Use these lenses in photography 
for copying, ULTRA CLOSE-UP SHOTS, AllcrophotogTaphy, 
for ^'Duramy Camera”, Kixiachroirie Viewer, Detachable 
Reflex View Finder for .il mm cameras, Stereoscopic 
Viewer, ground glass and enlarging focusing aids And 
for dozens Of other uses m experimentdl optics, building 
telescopes, low power Microscopes, etc. 

Stock #2-S— 10 lenses. ... . . .. . .,$1.00 Postpaid 

Stock #5-S— 45 lenses $5.00 Postpaid 

Stock #10-5—80 lenses. . ... .. . $10 OO Postpaid 

We have Lilerally Millions of WAR SURPLUS LENSES 
and prisms for sale AT BARGAIN PRICES 
Write for Catalog "S"-SENT FREE! 

EDMUND SALVAGE CO. 

BARRINGTON NEW JERSEY 
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the 

advantage 

is 

yours . . . 



A monthly magazine written especially for the 
reader outside the field being discussed. 
PHYSICS TODAY can keep you abreast of 
current happenings, trends, and problems jn 
physics. Its features, book reviews newi?. and 
views aie piesented in ncm-niathematical lan- 
guage with emphasis on generalization and prin- 
ciple, not on disparate detail. The Ameiican Insti- 
tute of Physics, publishers of eight technical 
journals in physics, began this post-war venture 
in science journalism expressly to let one kind of 
physicist kno-w what another kind of physicist 
is doing, to let any scientist know what physi- 
cists are doing, and to provide old students 
(with a frustrated interest in current happen- 
ings ) a ne>v insight into physics, today. 


PHYSICS TODAY • 57 East 55th Street, New York 22, N. Y. 

Circutation Manager: 

Please enter a subscription to PHYSICS TODAY at the current rate of $4.00 per 
; year. 

name 

address . 

city- .....rone. state 

K By sifbscWbmg new you will sove $1.00. The subscription fee for non- 
members wilt be rofsed to $5.00 in iantfory^ 1950, 


L JLimiMPHI 

Headers interested in fnithei reading 
on the subjects covered by articles in 
this issue may find the lists below help- 
ful. The lists aie not intended as bibliog- 
raphies of source material for the ai tides 
The references selected tuill pwvide sup- 
plementary information 

VISIT TO DUBLIN 

What Is Life? Erwm Schiodingei 
The Macmillan Company, 1945. 

Cosmic Rays L. Janossy. Oxfoid Uni- 
versity Pi ess, 1948 

FOOD FROM THF SFA 

The Seas F. S, Russell and C. M 
Yonge. Frederick Warne and Company, 
1928. 

Recent Advances in the Chemistry 
and Biology of Sea Water. H. W. 
Hiuvey. Cambridge Umveisity Pi ess, 
1945. 

The Oceans H U. Sverdrup, M. W 
Johnson and R. H Fleming. Pienticc- 
Hall, Inc., 1942 

LEAF SHAPE 

Youth, Old Age, and Leaf Shape in 
Plants. Studies in the Morphogenesis 
of Leaves E Ashby m New Fhytolo- 
gisf, Vol. 47, pages 153-195; 1948. 

TUBERCULOSIS 

The Tubercle Bacillus and Tuber- 
culosis Rene J. Dubos in American Sci- 
entist, July, 1949. 

The Effect of Wetting Agents on 
THE Growth and Susceptibility of 
Tubercle Bacilli. R. J. Dubos in Jour- 
nal of Bacteriology, Vol. 88, page 81, 
1948. 

The Decline of Tuberculosis Mor- 
tality WITH Special Reference to its 
Generalized Form. Esmond R. Long 
in Bulletin of the Institute of the History 
of Medicine, Vol. 8, page 819, 1940. 

DOUBLE STARS 

The Binary Stars R. G. Aitken. Mc- 
Giaw-Hill Book Company, 1935. 

Birth and Death of the Sun G. 
Gamow. Viking Press, 1940. 

Some Problems of the Evolution 
OF Stars. Otto Struve in Proceedings of 
the National Academy of Sciences, Vol. 
35, No. 4; April 15, 1949. 

PHENOCOPIES 

The Material Basis of Evolution. 
R. Goldschmidt. Yale Umveisity Press, 
; 1940. 


FREUD NOW 

An Outline of Psychoanalysis. Sig- 
mund Freud. W. W. Norton^ 1949. 

Bey'Ond the Pleasure Principle. 
Sigmund Freud. International Psycho- 
analytic Press, 1922. 

The Ego and the Id. Sigmund Freud. 
Hogarth Press, Ltd., 1927. 
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Davison products, processes and research 
are planned to serve agriculture and industry 

so that the final efFects will mutually benefit 
and profit consumers, workers and owners. 

There are few Davison products as such sold over the 

retail counter, yet Davison co-operation — available | 
to agriculture and industry— has expanded until now 

it enters into practically every improvement I 
in daily living— better and more economical food, shelter, 
clothing and transportation and many others. 


THE DAVISON CHEMICAL CORPORATION 

'? BAlT/MOf?E 3, MARYIAND 

PROGRESS THROUGH CHEMISTRY 
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Scientists nt RGA Litibortitones solve eva-cting problems 
within tlie “notlnngness” of vacuum tubes. 


insi€i& sif'4»ry' o/^ 3efferle/evis/or? 


Now television is flashing visual enter- 
tainment, news, and educational mate- 
rial to millions of people. The “inside 
story” of its rapid growth is the histoiy 
of some remarkable tubes. Inside these 
tubes, electrons are put to work— to per- 
foim, for your benefit, the miracle of 
Ion g- distance vision . 

The screen of your direct-view television 
leceiver is actually the face of a tube— the 
kinescope developed by Dr. V. K. Zwory- 
kin and his colleagues of RCA Laboratories 
—on which electrons in motion "paint” pic- 


tures. A tube, too, is the “eye” of RCA’s 
supersensitive Image Orthicon television 
camera, which can "see” clearly by the 
light of a match. 

And since you asked for big-picture tele- 
vision, they developed projection receivers 
— also a way to "weld” glass and metal, thus 
speeding the production of IG-inch direct- 
viewing tubes . , . at lower cost. 

To these basic “firsts,” RCA scientists 
have added advance after advance, 
which are daily biinging television into 
the lives of more and more people. 


How you profit 

Advanced research in television tubes is 
just one way in which RCA Laboi atones 
work in your interest. Their leadeiship 
in science and eiigineeiing adds value 
beyond price to any product or seivice 
of RCA and RCA Victor. 

Examples of the newest advances in radio, 
teleoision, and electronics— in action — may 
he seen at RCA Exhibition Hall, S6 West 
49th Street, Hew York Adimssion is free. 
Radio Corpoiation of America, Radio City, 
New York 20. 
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Sirs. 

As an old Woods Holei, permit me to 
say how much I enjoyed youi' article on 
Woods Hole. But what this note is really 
about is the name of the place. When 
I was a student in the Marine Biological 
Laboratory, for some reason now for- 
gotten I "became curious about that 
name. I think someone told me that it 
really should be Woods Holl, which is 
evidently the stoiy you picked up. In 
any case, I discovered that many years 
ago there was a burning and emotional 
contioversy about the name. The polemi- 
cal literature of this little tempest ap- 
peiu'ed in New Bedford and other papers 
if niy memoiy is correct. Certainly theie 
were three candidates for the name, the 
two above and Woods Hall. 

After spending the better part of two 
days piobing into this subject, I decided 
to "leave further scholarly endeavor to 
others. It seemed to me hugely a papei 
argument in which neitlier side had any 

O 

real evidence. 

But it has occurred to me and others 
afterwards that all the weight of proba- 
bilitv favors Woods Hole as die name 
given to the place where a boat could 
get between the mainland of the Cape 
and the hist of the Elizabeth Islands. All 
tile other channels between the Eliza- 
beth Islands are called Holes, e g., Rob- 
inson's Hole, which is the only one I 
can recall by name. No special theoiy 
is needed to explain Woods Hole as a 
corruption of \\hiods Holl. 

GAIRDNER MOMENT 

Department of Biology 
Gouchei College 
Baltimore, Md. 


Sirs: 

In las article on Galileo {Scientific 
American, August) I. Bernard Cohen 
mentions Galileo's discovery “that the 
planet Venus has phases like those of the 
moon.'' It might be of some interest that 
Galileo published his discovery in a let- 
ter of December 11 , 1610 , addressed to 
the famous astronomer Kepler, by using 
an anagrtim. 

What Galileo mote to Kepler was the 
following sentence, which does not make 


LEITIS 


any sense at all. “Haec immatiira a me 
jam f lustra legtintiir o.y’' Tianslated 
horn Latin. “I try in vain to read those 
immature things o.y." But by changing 
the order of the letters of this sentence 
one gets the following hexametei. “Cyn- 
thiae figiuas aemulatiir mater amonim/' 
Translated from Latin. “The Mother of 
Love (Venus) imitates the phases of 
Cynthia (mythological name for the 
moon)." 

It seems to have been a custom among 
scholars in Galileo's time to communi- 
cate scientific discoveries in the form of 
anagi'ams— possibly to make suie of the 
priority of a discovery without commit- 
ting themselves. 

WALTER J. BRUNS 


Syiacuse, N. Y, 


Sirs 

James R. Newman s iccent leview of 
Sii Cliai'les Sherrington's book on Goethe 
as a scientist should not pass without 
comment. Readers who are unfamiliar 
with the facts— and I presume most read- 
eis are— must think that a powerful lobby 
IS at work to sell Goethe to tlie American 
people as a scientist in the modern sense. 
Responsible interpreters do not make 
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such claims. It has been settled foi a long 
tune that Goethe was entirely mistaken 
111 his criticism of Newton, that he un- 
derstood neither the experimental meth- 
od noi the use of mathematics in physical 
theory, and that his biological theories 
were inteiesting ideas which did not 
stand the test of experience. Goethe’s 
modem standard-beaieis for the most 
pait refer to his work m these fields not 
m order to claim that his ideas have be- 
come part of the established body of 
science but latlier as a manifestation of 
the vastness of his interests and the unity 
of his vision of the various aspects of na- 
tuie and life. 

Why this emphasis on what he has not 
achieved? We do not think it necessary 
to debunk Dante because he believed 
that there was a cone inside the earth 
which was Hell, or that Purgatory was a 
hill rising out of the water light opposite 
Jerusalem. Mr. Newman points out that 
Lavoisier, Lagrange and Laplace were 
scientifically ahead of Goethe; the same 
could be said of Roger Bacon in relation 
to Dante. Yet several pages are given to 
Dante in George Sarton's Introduction 
to the Histoiy of Science, We do not hold 
It against Shakespeare that his knowl- 
edge of geography was grossly defective. 
Newton was one of the greatest scientists 
of all time, but he became a mystic in 
his old age. 

Goethe, a century ago almost as fa- 
mous in this country as he was in Em ope 
(Emeison included him in his Represen- 
tative Men) , is almost unknown to Amer- 
icans today. Why this is so is no mysteiy. 
Goethe was primarily a poet. Poetry can- 
not be ti*ansplanted from the climate of 
one language to that of another, and the 
number of Amei leans today who have 
sufficient command of Geiman— or of any 
foreign language— to appieciate lyiic 
poetiy is very small. Thus there aie no 
moie people in a position to appreciate 
Goethe than can appreciate Homer or 
Sophocles, Dante or Petrarch, Calderon 
Ol Lope de Vega, Pushkin or Leimontov, 
Baudelaire or Mallaime. 

ROBERT WAELDER, PH.D. 
Philadelphia, Pa. 

Sirs; 

Our Golden Age of physics and mathe- 
matics and its astonishing advances has 
exerted a deep influence on the way we 
look at the history of science, which it- 
self is continuously changing. This leads 
to temporary distortions in perspective, 
as your September issue shows, when 
the reviewer of Sherrington's book on 
Goethe exposes m five columns that 





'‘Goethe was a magniloquent and be- 
fuddled boie. . . . The story is easily 
documented.” 

Goethe’s eminent contemporaries, as 
the physicist Lichlenbeig, the young 
Schopenhauei, and latei the founder ol 
modern pathology, Rudolf Viichow, and 
the gieat physicist Helmholtz in his es- 
say on Goethe’s “Anticipation of Futuic 
Ideas of Natural Science,” were by no 
means victims of heio worship and un- 
aware of Goethe’s shortcomings in ana- 
lytical and mathematical optics, but they 
recognized the value of Goethe’s obsei- 
vations for the psychology of sensoiy 
perception— without dogmatically stat- 
ing, as youi wiiter does, that “scientific 
progress rests on measuiement and num- 
bei.” We cannot lielp being leminded of 
Wagnei in Faust* 

Excuse me^ But it is a great delight 

To enter in the spirit of the ages and 
to see 

How once a sage before its thought 
and how toe 

Have brought things on at last to 
such a splendid height. 

In his time Goethe’s biological contii- 
butions were not so minoi as they may 
seem to us today. His discovery of the 
intcrmaxillaiy bone ended once foi all 
the last supposed diffeience between the 
skulls of animals and men, depriving man 
of his imagined piefeired anatomical po- 
sition in naluie. The ideas of heredity 
aie clearly outlined in his famous leasing 
veise on his family tree— to be sure not 
in the jaigon ol modern biology, but in 
the language of the 19th centuiy. Even 
in 1830, in his 80th year, Goethe wiote 
an excited report on the fundamental 
discussions in the French Academy be- 
tween the exact Cuviei and the specula- 
tive Saint Hilaiie. Fieud— who certainly 
knew that Goethe refused ever to visit 
an asylum— asciibed the decisive turn in 
his own careei to the young Goethe’s 
enthusiastic essay “On Natuie.” 

Lichtenbeig, Schopenliauer, Virchow, 
Helmholtz, Freud (to cite only a few) — 
all giant pioneers in creating new sci- 
ences of then own— spent a great deal of 
time on Goethe’s life endeavois It seems 
they did not considei his way of viewing 
nature as a whole the antiquated, out- 
moded and useless talk of “a gabby old 
man.” The blind spots, the antipathies 
and the weaknesses in the life of a genius 
are often ]usL as instructive and signifi- 
cant to the undei standing of the man 
and his woik as his positive contribu- 
tions. We cannot ignoie Sir Isaac New- 
ton’s religious speculations, Dostoievskfs 
chauvinism, or Freud’s dislike of Ameri- 
ca. Your reviewer, however, is sahsfiecl 
to characterize Goethe’s most compli- 
cated personality sweepiiigly as “con- 
seivative with a rigidity of outlook.” 
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N ovember ISQO. ‘We understand 
that the signal corps ot the army 
IS about to cany out a series ot 
experiments in Washington in connec- 
tion witli the new automobiles which 
were recently built for the War Depart- 
ment The expenmeiits aie to be made 
in the countiy around Fort Myer. An 
automobile wagon equipped with a set 
of Marconi sending and leceiving appa- 
ratus will be dispatched several miles 
from the fort, and when it reaches its 
destination it will send a balloon into the 
air which will cairy a \^ertical wire to 
the proper height coiTesponding with the 
distance over which the messages are to 
be sent. Another set of apparatus with 
a vertical wire will be installed on an 
automobile stationed at the fort/’ 

**We legret to see that aerial naviga- 
tion has recently claimed another victim, 
w’hose death was due to causes precisely 
similar to those wdiich brought to an un- 
timely end the experiments of the late 
Herr Lilienthal. Lieutenant Pilcher of 
the Royal Navy, the latest victim, had 
been for nianv years an earnest student 
of the subject of aerial navigation. His 
line of investigation wais similar to that 
of Lilienthal and w^as dnected to the 
development of the soaring machine. It 
must be confessed that the late tragedy 
seems to prove that the era of safe arti- 
ficial flight is yet a long way off.” 

"Prof. Beigmann, the gieat surgeon of 
the Berlin Univeisity. states that the 
healing power of the Roentgen ra_\s are 
imaginary. The determination of the 
presence and position of foreign bodies 
has been extremely successful with tire 
Roentgen rays, as is w’ell known. Their 
use in connection with broken bones has 
also been \’er\' satisfactory". The hope of 
discovering, by the aid of the Roentgen 
rays, the position of bladder and gall 
stones has not been fulfilled.” 

A remarkable collection of films for 
moving picture machinery are now^ be- 
ing developed at the labbratorv’ of Mr. 
Edison in West Orange. The’ pictures 
are of the Klondike and are intended 
for the exhibit Mr, Edison is to lUvike at 
tlie Paris Exposition.” 

*Erof. Ernest Haeckel, the great Ger- 

man Dtirwin exponent, was recently 


thiowm from his horse in Rome and se- 
riously injured. He is now 65 years of 
age.” 

”At the recent meeting of the British 
Association, Prof. J. J. Thomson, F. R S , 
gave an interesting account of recent re- 
searches on the existence of masses 
smaller than atoms. These experiments 
indicated that the charge caiiied by an 
atom in cathode discharges and similar 
phenomena is apparently 1,000 times 
gi eater than in ordinary electrolysis. 
Consequently either the atoms become 
disassociated and only a portion of their 
mass carries the negative charges of 
cathode rays, or else the atom can re- 
ceive a greater charge than is assigned 
to it m explaining electiolytic phenome- 
na. To discriminate betw'een these two 
assumptions a method w’as employed to 
determine separately the chaige earned 
by a knowm ninnber of atoms m a case 
for w'hich the charge per unit mass had 
the greatei value. Fiom this it would ap- 
pear that electrification seems to consist 
m the removal from an atom of a small 
corpuscle, the latter consisting of a very 
small portion of the mass with a negative 
charge, wdiile tire remainder of the atom 
possesses a positive charge ” 

ff 

"The autumn meeting of the National 
Academy of Sciences was held at Co- 
lumbia University, New York, beginning 
November 14. Prof. Edward C. Picker- 
ing sent a leport givirrg a detailed ac- 
count of discoveries by photography at 
Haivard and at the Arequipa Observa- 
tory in South America. Several new dou- 
ble stars have been discovered ot tw'o 
classes, those in wdrich both components 
are luminous and those m which one is 
daik, the latter class being variable, be- 
cause of the occasional interposition of 
the daik component. Several of the dou- 
ble stars have periods of rotation less 
than tw’o days, one being even less than 
tliiitv hours.” 


N OVEMBER 1849 “Queen Victo- 
ria and the royal family, on her 
reton from her late visit rn the 
highlands of Scotland, for the fiist time 
made her return journey the wdiole way 
by railroad/* 

“This is the age of great discoveries 
in all directions. The railroad has become 
the magician's rod, tire electric telegraph 
a wire of w^onders, and ether and chloro- 


form mysterious alchemies. A tooth can 
be exti acted, a leg cut off, or an incision 
made into the most sensitive paits, and 
the patient at the close ask it the opera- 
tion has begun. Speeches utteied at ten 
o’clock at night are printed wdiile we aie 
asleep, and they appear in beautiful type 
upon our breakfast tables at eight o’clock 
in the morning. The rapidity with which 
change follows change is also lemark- 
able. Things that took a century to do 
some time ago, aie now finished oflf in 
the course of a day ” 

"An iron steamboat is now building in 
this city to run on Lake Titicaca, which 
lies in the bosom of the Andes, in Peiu, 
five miles above the level of the sea. It 
is to be made m sections, to be trans- 
poitcd from the sea on the backs of 
mules, to Its lofty native element, and 
there it is to be put together by mechan- 
ics sent out foi that puipo.se.” 

“Some ingenious cxpeinneiits have 
been performed at the Cinemnati Ob- 
servatory, in connection with the mag- 
netic telegraph, to asccitain if theie be 
any sensible time occupied in the trans- 
mission of the wave or current of elec- 
tricity between the two points wdiere 
lelative longitudes are required. Thus 
tai, Professor Mitchell says, all results 
tend to the conclusion that there is no 
sensible wave time. Other methods may 
lead to a different conclusion. The sub- 
ject is interesting, and now becomes im- 
portant as an element in the deteimina- 
tion oi longitudes by the telegiaph.” 

“Patent issued to John Ericsson, of 
New Yoik, tor improved arumgement ot 
engines lor using steam expansively.” 

“The expeiiments ot Leblanc upon 
vitiated atmosphere are ot high interest. 
The quantity ot caihonic acid in the at- 
mosphere in the normal state, has been 
shown by the Saussures to vary tioni 3 
to 6 parts in 10,000. Leblanc has exam- 
ined the quantity m crowded rooms, 
theatres, cities, &c. In Dumas* class room, 
after a lectuie of an hour and a half, 
where 900 persons were present, the 
carbonic acid amounted to 1 per cent, 
and the same quantity of oxygen had 
disappeared. From other experiments, 
he considers this a maximum quantity for 
safety, and strongly recommends a bet- 
ter ventilation when so much carbonic 
acid is px*esent. The result agrees with 
experiments made in this country.** 


4 





ANOTHER SCORE IN THE 

battle of the inches 

It takes many costly buildings to tiny permalloy transformers, and more parts can be housed in a given 

house youi telephone system. Every special assembly techniques, it is space. Telephone buildings and 

inch saved helps keep down the cost scarcely larger than a single vacuum other installations keep on giving 

of telephone service. So at Bell Tele- tube used to be. Yet it is able to more service for their size and 

phone Laboratories engineers work boost a voice by 35 decibels. keep down costs, 

constantly to squeeze the size out Mounted in a bay only two feet * amplifiers, which will 

of telephone equipment. wide and IIV 2 high, 600 of the soon be used by the thousands 

In the picture a new voice fre- amplifiers do work which once throughout the Bell System to keep 

quency amplifier is being slipped required a room full of equipment. telephone voices up to strength, are 

into position. Featuring a Western This kind of size reduction but one example of this important 

Electric miniature vacuum tube, throughout the System means that phase of Laboratories work. 

BELL TELEPHONE LABORATORIES exploring and inventing, devising 

AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 
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Millions of small electric motors to run 
on six volts are required by the automo- 
tive industry for heaters, defrosters and 
ventilators in cars and trucks One of the 
problems encountered in economical 
manufacture of reliable motors was found 
in the commutator, which is the part 
that feeds current to the windings of the 
rotating armature It is necessary for the 
commutator to have high electrical con- 
ductivity; it must also be as hard as pos- 
sible, consistent with very severe form- 
ing operations in an automatic, high- 
speed multi-slide machine Hardness is 
desirable to resist wear by the motor 
brushes, and also to withstand the cen- 
trifugal force devel- 

oped at high rota- 
tional speeds. 

A manufacturer of 
these commutators 
came to Revere with 
these questions which 
is the best material. 
and how’ hard could 
it be^ Because of long 
experience with some- 
w’hat similar prob- 
lems, Revere rec- 
ommended trial of 
OFHC (Oxygen-Free High Conductiv- 
ity) copper, four numbers hard. This 
was tested along with several other 
metals that seemed to possess at least 
some of the desired characteristics The 
OFHC alone was found to produce ex- 
cellent commutators, and with tolerances 
almost unbelievably close in this type of 
metal-working 

After the copper shells are formed, 
there is a plastic molding operation 
which requires the shell diameter to be 
held within .OQl'\ in order to prevent 
the plastic from flowing between the 
mold and the outer surfaces of the com- 


mutator For the same reason, an equal 
tolerance is imposed upon the height of 
the solid cylindrical portion The plastic, 
which is tough and unusual m composi- 
tion, serves both as insulation and as a 
mechanical connection between com- 
mutator and shaft without use of a bush- 
ing and key. 

The success of this combination has 
been repeatedly demonstrated by tests 
Speeds up to 35,000 rpm have pro- 
duced no failures in the commutators, 
though the rotor windings practically ex- 
plode At temperatures up to 400° F 
there w^as no damage to the commutator, 
though the rotor wiring was badly dam- 

r , aged due to the com- 
bination of centrifugal 
force and decrease in 
wire strength Thus 
once again the su- 
perior qualities of 
OFHC copper have 
been demonstrated 
Two things seem 
noteworthy in this 
the value 
of calling upon a sup- 
plier for not merely a 
product, but for his 
thorough knowledge of that product Sec- 
ond, the fact that such knowledge makes 
possible new economy and reliability, even 
in combination with a totally different 
material The supplier here happened to 
be Revere, and the materials are copper 
and a plastic. But the materials might 
have been anything, and the suppliers 
anybody, for throughout industry the 
skill and knowledge of sellers are freely 
available to buyers All that is necessary 
for you to take advantage of them is to 
ask, and at the same time furnish com- 
plete information as to fabrication 
methods and conditions of use 

REVERE COPPER and BRASS INCORPORATED 

Founded by Paul Revere i/i 1801 

☆ ☆ ☆ 

Executrve Offices: 

230 Park Avenue, New York 1 7, N. Y. 



THE COVER 

The glass porthole m the center of this 
month’s cover painting gives a view 
of the inside of a ^hock tube, a device 
used in the study of shock waves at 
the University of Michigan’s Hainson 
M Randall Laboratoiy of Physics 
(see page 14). The steel tube itself, 
which extends beyond the picture on 
both sides, consists of two chambers 
separated by a red cellophane dia- 
phiagm. To establish a pressure dif- 
ference, the ail in one chamber is 
compressed oi the other chamber is 
evacuated When the diaphragm is 
1 up trued, a shock wave tiavels down 
the tube. Because the optical propei- 
ties of ail vaiy with its density, this 
wave can be seen and ^photographed 
through the porthole, In the painting 
a double-wedge an foil is mounted 
inside the poi thole. The luibulence 
caused liy the passing shock wave 
IS cleaily discernible. Specks of red 
cellophane have been earned down 
the tube by the shock wave Re- 
flected ill the glass of tlie porthole 
is the head of a watching physicist. 
To the lower left are a plateholder 
and a package of photographic plates. 







What GENERAL ELECTRIC People Are Saying 


C. L. ANDREWS 

Research Laboratory 

Microwaves: Since the war engi- 
neering development of microwave 
sources has been of two kinds: one 
of more powerful radio and radar 
equipment, the other of hand -sized 
transmillers that can he plugged in- 
to a house circuit and used like a 
spotlight for other than communi- 
cations purpose. 

These simpler microwave devices 
are designed for counting and sort- 
ing in industrial control, relays 
and alarms for industrial use, and 
what is most important, for the 
educational purpose of understand- 
ing the nature of the waves. Engi- 
neers recognize that in some cases 
one generation of education is 
necessary between the discovery of 
a new physical phenomenon and 
its exploitation for society. The 
engineer cannot anticipate all the 
applications, hut the layman par- 
tially a(‘quainted with tlic properties 
of the wave hiings prol)lems of tiie 
farm, liome, and factory U) tlic 
cngin(*er for solution. 

Eying midway he tween light 
waves and radio waves, microwaves 
have for maji a unique place in the 
electromagnetic spectrum. They arc 
the length of a man’s hand and can 
he measured on an ordinary ruler. 
Light waves are a million times loo 
short to measure easily, broadcast 
radio waves a million times too 
long — but microwaves are our size. 
By measuring the microwave pat- 
terns spread over the laboratory 
table, the high-school student may 
see for the lirst time that ehnUro- 
magnetic waves are waves and 
measure the wavcdenglh just as he 
measures the length of a wave in a 
violin string or of a sound wave in 
an organ pipe. 

Union College 

‘ Schenectady, 

June 12, 1946 

★ 

J. H. HAGENGUTII 

High-voltage Engineering Laboratory 

Lightning vs. Aircr.ift: A series 
of tests was made in the period 
1938 to 1942 to determine in the 
laboratory the effects of lightning 
strokes on the safe operation of air- 
craft. , . . This series of tests has 
shown that, although the possibility 


exists that a lightning stroke may 
cripple an all-metal plane, the 
probability that all factors required 
occur simultaneously is so small that 
the lightning stroke can be disre- 
garded as a serious potential hazard 
to a properly protected plane. 

Evidence obtained from airplane 
parts struck in (light, when com- 
pared with laboratory tests on the 
same or similar parts, indicates that 
planes may ho subjected to current 
peaks of strokes to ground of the 
order of 100,000 amperes and to 
continuing discharges of the order of 
500 coulombs. 

Non -me la Hie planes, unless well 
shielded with a network of wires or 
other protective coating, are subject 
to damage from even minor light- 
ning strokes of the order of 20.000 
amperes. 

Considering the other factors as- 
sociated with lightning strokes, such 
as violent air drafts, rain, and icing, 
it would he considered safe policy to 
avoid areas of lightning activity. 

Pilots should well understand the 
potential dangers ... to be prepared 
in case the unexpected, rare com- 
bination of several of these factors 
should occur. 

AJ.E.E 
San Francisco 
August 26. 1919 

★ 

C. W, CLAPP 

General Engineering & Consulting 
Laboratory 

X-Ray Measuring; What would 
you do if you were given the 
problem of measuring the thickness 
of a red-hot slice t of steel as it issues 
from the rolls of a rolling mill? . . . 
The sheet is moving through the mill 
at speeds up to 25 miles per hour, it 
does not travel smoothly but fre- 
quently bounces up and down 
through a distance of several inches, 
and finally, at the place in the mill 
where it is desired to know the 
thickness, it is being deluged by 
heavy sprays of water, filling the air 
with clouds of steam and scale as 


the water strikes the red-hot steel 
... For some thicknesses of strip the 
error in measurement must be 
appreciably less than the thousandth 
part of an inch 

Until lecently this problem re- 
mained unsolved . . . Steel mills had 
for years been waiting until the 
strip had been coiled up. ready for 
storage, and had cooled down to a 
temperature where a man wearing 
asbestos gloves could measure it 
with a special gage resembling a long 
machinist’s micrometer. As a result 
of the long delay ... it was difficult 
for the rolling-mill operators to keep 
a mill in proper adjustment. Fur- 
thermore, an error in mill setting* 
was very costly, since several tons 
of steel would be rolled at the wrong 
setting before the error could be 
delected . . . 

If we could pass a beam of x-rays 
through the steel strip and measure 
the loss in intensity of the beam on 
passing through the steel, we would 
have a measure of the thickness of 
the strip. Such a method of measuring 
thickness requires no contact with 
the moving stiip and is in fact quite 
unaffected by the speed of the mate- 
rial through the beam. Also, be- 
cause the absorption factor of water 
is so much lower than that of steel, 
the measurements will be practically 
unaffected by the cooling-water 
sprays necessary for steel-mill opera- 
tion. 

It is one thing to solve an indus- 
trial problem in the laboratory; it 
is quite another thing to design an 
equipment which will operate re- 
liably under the adverse conditions 
which seem to accompany most 
industrial processes. In this case, 
the difficulties were not found in- 
superable, and x-ray thickness gages 
are today operating successfully in 
hot-strip rolling mills all across the 
country. Potential savings from the 
use of the new gages may rim to a 
million dollars a year for this in- 
dustry alone. 

lUG Y Science Forum, 
September 7, 1949 
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AT THE FIRST SIGN 
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to discover it early — ^then go im- 
mediately to your doctor for diag- 
nosis and treatment. 
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even or better of coming out on top. 

That is why one should always be 
on the lookout for cancer’s danger 
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your family. 

Don’t be afraid to learn the truth. 
Your doctor may give you the good 
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Persistent indigestion. 




treatment, in the light of new medi- 
cal discoveries, is producing won- 
derful results in similar cases But 
whatever you’re told, the sooner you 
act, the better the news will be 
Remember — you can’t diagnose 
cancer yourself, but you can suspect 
it Be on the lookout. Check up on 
yourself from time to time. Write for 
important free booklet — today. 
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THAT TELLS THE FACTS 
ABOUT CANCER 


1 Any sore that does not 
* heal, particularly about the 

tongue, mouth or lips. 

2 . A painless lump or thick- 
ening, especially in the 
breast. Bp or tongue. 

2 Progressive change in the 
” color or size of a wart, 

mole or birthmark. 


g Persistent hoarseness, un- % 

” explained cough, or diffi.- % 
culty m swallowing. « 
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" nipple or irregular bleed- 
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Arms Race v. Control 

Does the atomic explosion in Russia require 
the U.S. to modify its position in regard to 
the international control of atomic energy? 


Not mam/ cvcnls in recorded histonj have been so cata- 
chjsmic as lo force a sudden change in the thinking of man- 
kind. Ncicions laws of motion, the steam engine, gunpowder 
—even these revolufionarij discoveries were centuries in de- 
veloping their full impact upon human affairs. How different 
IS the cose in the fifth decade of the 20th century! Four years 
and 69 days after the explosion of the fust atomic bomb the 
world heard the dreaded echo that brought it face to face with 
a most fateful decision 

The Russian atomic explosion means that the world race 
in atomic arms has begun The practical and immediate de- 
cision that confronts mankind is loliether to let the race get 
irwvocahhj staited on its predictable course oi to make a leal 
and determined attempt to establish international control of 
atomic toeapons The first resp07ise of most U. S. officials to 
the Russian explosion was to declare that the U S. must main- 
tain its lead and increase its productio7i of atomic bombs 
There may be some tolio hope that this toill be permanent U. S. 
policy, hut thoughtful Americans and the peoples of other 
nations must certainly hope that these statements simply Jiiean 
that the U. S intends to preserve a strong bargaining position 
until an agreement on international control can be reached 


What aie the chances of obtaining such an agreement? The 
record of the United Nations Atomic Energy Commission s 
discussions during the past three years has been discouraging. 
But the deadlock has been due at least in some part to a stiff 
adherence by the principal poweis to their respective plans. 
Now, as such eminent commentators as Walter Lippmann 
have observed, the end of the U S monopoly fundamentally 
changes the premises of the negotiations. It makes it possible 
to wipe the slate clean and retire giacefully from commit- 
ments to details of the official plans. To relieve mankind's 
anxiety over the menace of atomic war, what seems to ha 
called for is not a gilt-edged plan hut an agreement 

The problem of the control of atomic energy is the most 
urgent, the most desperate, ever faced by the American peo- 
ple, or indeed by mankind in its whole troubled historip It is 
a problem that demands leadership from scientists and from 
all who can bring an informed intelligence to hear upon it 
In the following article the problem is discussed realistically 
by a member of the board of consultants which in 1946 pre- 
pared the so-called Achcson-Lilienthal repoit, the first formal 
pioposal and specific program for the international control of 
atomic energy 


by Chester I. Barnard 


W HEN Piesident Truman an- 
nounced that an atomic explosion 
was known to have ocemred 
somewheie in the area of Soviet domin- 
ion, my immediate reaction was that the 
chances of attaining the intei national 
control of atomic eneigy undei the aegis 
of the United Nations had inci eased 
ralhei than decreased* It is in many ways 
an advantageous thing that parties look- 
ing to an agreement should enter the dis- 
cussion without either one being at too 
gieat a disadvantage. One man with a 
gun finds it hard not to assume a superi- 
ority which hampers negotiation. Two 
men with guns are not necessarily going 
to shoot it out. Thus, though tlie use of 
atomic weapons is now more dangerous- 
ly imminent than before, the dilemma of 


the United Nations is less acute and the 
possibilities of successful negotiation aie 
measurably improved. 

Ill 1946 the State Department board 
of which David E. Lilienthal was chau- 
man and I was a member airived quickly 
at agieement on a general plan foi the 
mtei national control of atomic energy. 
Yet it seemed to me at the time that, 
logical and sound as the plan was, the 
chances of its adoption were veiy small 
This estimate was not by any means 
based exclusively on the possibility of 
determined opposition to the plan by tlie 
Soviet Union. It appeared likely that 
eveiy countiy, including our own, would 
encounter extreme technical and popu- 
lar difficulties in renouncing that consid- 
erable portion of its national sovereignty 


which acceptance of the contemplated 
pact would require. The fact that sub- 
stantially the planpioposedby our boaid 
finally proved acceptable to all members 
of the United Nations Atomic Energy 
Commission except the Soviet Union and 
Its immediate satellites was heartening 
It must be remembered, however, that 
approval of the plan by repiesentatives 
of these nations m the United Nations 
Atomic Energy Commission is by no 
means the same thing as the final and 
foimal approval required for die execu- 
tion of the necessary multilateral ti'eaties 
to carry the plan into effect. 

It was also obvious from the outset 
that so long as one of the negotiators pos- 
sessed a preponderance of knowledge of 
atomic energy science and technology. 



as well Lis an actual monopoly of produc- 
tion resouices and of fissionable mate- 
iials, the chances of agieeinent could not 
be high, foi the parties lacked the equal- 
ity of status that makes for success m 
bai gaming. The position of the U S in- 
volved one of the most extraoidmaiy 
dilemmas m histoiy. Though oiu plan 
embodied the most generous ultimate in- 
tentions of relinquishing oiii prefeiied 
position, actual possession of the bomb 
could be given up only m consideration 
of comprehensive and genuine guaran- 
tees that, in the end, all nations would 
f 01 ego the use of weapons employing 
atomic eneigy. This inevitably meant 
that other nations would have to relin- 
cpiish, step by step and voluntarily, im- 
portant elements of sovereignty in ad- 
vance of the relinquishment of the bomb 
by the U. S. It is hard to imagine condi- 
tions less favoiable to successful nego- 
tiation by proud and equal nations. And 
the difficulty was not i educed by the 
exaggeiated importance that our tempo- 
raiy monopoly of atomic energy knowl- 
edge assumed m the minds of the Ameii- 
can people 

Now that the Soviet Union appai- 
ently also has the bomb, there will have 
to be some changes in oui tactics and 
om attitude. It has always seemed to me 
a most dangerous delusion to suppose 
that om piefeiied position in the held 
of knowledge and technology could last 
very long oi that our supeiiority with 
respect to the stock of hssionable mate- 
rials could be maintained indefinitely It 
IS surely no gieat sui prise that the essen- 
tial knowledge is held by several, if not 
by many, nations and that in fact an 
atomic explosion has now occurred un- 
der other auspices than our own. The 
status of the participants m the attempt 
to negotiate an mtei national agieement 
has become less unecpal and with the 
lapse of time piesumably will become 
progressively more nearly equal. 

I r would be a mistake to focus all at- 
tention on the atomic bomb to the 
exclusion of the other terrible modern 
weapons of warfare When a British 
commentator observed wryly that '*the 
Russians have devalued the bomb,” his 
remark was tiue in moie than one sense, 
it was more than the mere devaluation 
of a monopoly. Once the atomic bomb 
becomes an international weapon, so that 
it confeis no overriding advantage upon 
its possessors, the result must be to in- 
crease the pressure upon all nations in 
any universal arms race to develop even 
more effective weapons of mass destruc- 
tion. Already, in the short period since 
the end of the war, this effort has got 
^ ^ under way. Guided missiles and rocket 

PROCESSES required to obtain power and other useful products from bombs, chemical and biological means 
uranium and thorium outline the problem of control. Uranium yields two of warfare are presumably being ad- 
nuclear fuels 1 U-235 and plutonium- Thorium yields U-23S, Under the Aclie^ vanced every day, not by a few nations 
son-LOienthal plan individual nations could use ‘^denatmred” fuels, but an but by many nations. Dangerous biologi- 
Atomic Development Authority would control stages of their manufacture, cals could be made in small laboratories 
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in small covmtncs. Chemical poisons 
could be produced and assembled any- 
\\'heie. And it must be lemembered, aftei 
all, that the squadrons of B-29 bombeis 
cai lying conventional explosives and fire 
bombs produced moie casualties in 
Tokvo in one night than the two atomic 
bombs on separate days in Hiroshima 
and Nagasaki. Foi the present, swift im~ 
provements in all these weapons are as 
likely as epoch-making changes in the 
atomic bomb oi othei destructive uses of 
atomic eneigy. 

Thus the contiol of atomic energy is 
only a pait of the much laigei pioblem 
of the control of wai itself. But in many 
symbolic and practical ways it occupies 
peihaps a decisive position m the huger 
problem. The atomic bomb so fai is un- 
matched as a means of suipiise attack. 
Aside fiom general clispeisal ol the popu- 
lation and industry, little or no defense 
against it seems in prospect. Moreover, 
fiom the militaiy point of view it is a 
lemaikably economical weapon, at $1 
million per bomb it is a far cheapei 
method of destruction than its equiva- 
lent in chemical explosives and the extia 
planes to cany them. 

At the same lime, in ceitam lespects 
the control of the atomic bomb might not 
be as difficult as that ol other modes 
of waitaie. Its spcctacuhu chaiacter 
makes it not too hopeless to expect that 
we may airive eventually at some soit of 
an agreement on the curbing of this one 
most vivid foim of warlaie. 

What makes the atomic bomb unique 
IS that, as lecent statements by naval 
officers in Washington have reminded 
us, this is the fiist weapon piimarily di- 
lected to the indiscriminate annihilation 
ol civilian populations. As such it intro- 
duces an entirely new concept of war- 
fare. To be suie, the concept of total de- 
stiuction has long been discussed by 
theoieticians and was put into practice 
to some extent in tlae last wai, but now 
that the atomic bomb has made it prac- 
tically realizable, this concept must in- 
evitably dominate all militaiy strategy— 
unless the bomb is placed beyond the 
pale So the curbing ol atomic weapons 
ivoidd go a long way toward controlling 
the menace of anmbilative war, including 
bacteriological wai fare and all the lest. 

The stakes are enoimously high. In my 
opinion, they involve not only peace but 
also whether we shall be foiced to have 
a totalitarian government. If dispersal of 
the population is the only immediate 
means of reducing vulnei ability that we 
can hope for, then we should have to 
carry the control of private lives to un- 
heard-of lengths in this country. We 
should recall that governments in the 
past have always found that the hardest 
thing for any central authority to under- 
take is the deliberate shifting of a popu- 
lation against its wishes. The defense 
measures that would be absolutely nec- 
essazy in the event of a protracted failui'e 


to get international agreement would 
mean an intolei able central management 
of oiii lives. Such contiol has already pro- 
giessed to the point wheie it thieatens 
the freedom of science. 

The principal issues in the interna- 
tional control of atomic energy that have 
been under discussion m the UN can 
be stated succinctly in a senes of ques- 
tions Shall an international authoiity 
take owneiship of the law materials 
(uranium and thoimm) and operate all 
potentially dangeious projects m atomic 
eneigy, or shall each nation develop its 
own atomic energy piogram, with mtei- 
national inspectors to see that it does 
not make atomic weapons? Shall atomic 
disaimament proceed in a series of 
stages, 01 shall atomic bombs be out- 
lawed and existing stockpiles be de- 
stroyed by immediate agieement? Shall 
chaiges and penalties against a nation 
accused of violating the contiol agree- 
ment ultimately be decided by a majority 
or by a unanimous vote of the UN Secur- 
ity Council? 

Obviously the present new situation 
reduces the significance of some of the 
points that have been strenuously de- 
bated in the past, notably the question 
of stages. It seems safe to say that too 
much has been made of the veto ques- 
tion, especially in the beginning. Time 
has passed and there has been less de- 
bate about the veto, for one thing be- 
cause there was no great clarity on just 
which form ol veto people weie talking 
about. The entire veto problem has no 
cogent connection, so fai as I can see, 
with the cential question at issue. Of 
course it offends our sense of the pio- 
piieties to be told that anyone accused 
of committing a ciime should be able 
to veto an inquiiy into the facts. But if 
some nation violates an international 
agreement, othei s are not going to wait 
the months and months which may be 
required for the Secuiity Council to com- 
plete a thorough investigation. If under 
these conditions a violation should occur, 
to all intents and purposes wai would 
aheady have been declared. The veto 
would then be irrelevant, all rules would 
be off. Undei the United Nations Chmter 
all nations can, in certain circumstances, 
defend themselves. The violation of an 
international atomic energy agreement 
would certainly be such a circumstance. 

A lthough international atomic en- 
. ergy control is not equivalent to the 
abolition of war, it is a step in that direc- 
tion. It is a step that should be taken, 
and a step from which no quibbling, not 
even quibbling of the more serious sort, 
or any hurt feelings, should deter us. 
In the years since the close of the war 
some of our neighbors have begun to de- 
velop inferiority complexes, and America 
more than once has shown evidences of a 
high-hat complex We have not been 
quite awaz'e of how difficult it is for oth- 


ei s not to become oversensitive, and how 
easy it is for us to offend. 

Peiha 2 :)s the major zeason why the dis- 
cussions of atomic eneigy contiol have 
heretofore been doomed to reach a stale- 
mate is that out of sheei pride not eveiy 
big powei has been willing to give up its 
efforts to develop atomic energy. The 
Soviet Union now feels itself m a happiei 
position. At the same time, although we 
have become moie vulnerable, the Soviet 
Union is not less vulnei able than befoie. 
Although each nation now possesses the 
ciucial weapon of attack, it has less di- 
lect incentive to use it— since it is an 
axiom of warfare that attack calls for 
retaliation. Even if we were to assume 
that we were ceitain to win a wai be- 
cause we could use the atomic bomb on 
a larger scale than anybody else, would 
such a victoiy be worth taking? Could 
any nation, howevei greedy, lejoice oi 
even benefit from possession of a land 
m which all the works of civilization had 
been destioyed^ 

With two large and rival nations in 
possession of deadly atomic weapons, the 
peace of the world is giimly endangered, 
especially since tensions have been de- 
veloping apace and theie has thus far 
been no piogiess on an in tei national 
agieement. But if we look back to various 
junctures in our own histoiy and note 
how daik things must have looked to 
those who weie then facing an unknown 
futiiie, we should take heart. Aftei lead- 
ing about our nation’s past crises in our 
history books, even today we do not .see 
how it could have worked out its destmv 
—but it did Concrete reality is easier to 
face than remote possibilities. At least 
we ai*e now confi onting a concrete situa- 
tion. And what is even better, discussions 
have now been resumed. 

In oui panic over the destructive po- 
tentialities of atomic energy we have 
been inclined to lose sight of its poten- 
tialities for progiess So hu we have had 
only glimpses of what atomic energy can 
do lor mankind— as a source of power, 
as an aid to medicine, as a tool foi basic 
research. Before these more hopeful as- 
pects of atomic eneigy can leceive our 
undivided attention, it is necessary to 
remove the clouds of appiehension now 
more than ever daikening the interna- 
tional sky. No one can oi should be too 
sanguine about the ease of the task— or 
wait too passively foi something to hap- 
pen. It is always a good thing not to 
assume too early that a situation is en- 
tirely hopeless Here we can say literally 
that while there is life there is hope F our 
or five years ago the chance of achieving 
successful international contiol seemed 
to me about one m 100. Now it is per- 
haps one in 50, and it may get better as 
time goes on. 


Chester L Barnard is president 
of The Rockefeller Foundation. 
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SHOCK WAlVES 

The phenomenon is observed ivhen gases are violently 
disturbed by explosions, missiles or machines. It is 
studied for both practical and theoretical reasons 

by Otto Laporte 


O UR acceleiating cmlization must 
increasingK reckon with the phe- 
nomenon ot the shock wave 
\Mierevei compressible gases move— m 
explosions, past missiles, tlirough jets or 
turbines— shock waves play a significant 
role. The obser\'ation of shock waves is 
of vital interest to the physicist, the as- 
tronomer and the engmeei. The theory 
of shock waves is fascinating to the math- 
ematician. 

A shock wave is to a sound wave what 
a tidal wave is to a iipple in a still pooh 
This statement is not reall). a definition, 
but it will explain why in examining 
shock waves we must consider what we 
mean by a sound wave. When a tuning 
fork is struck or a magazine falls from 
a table to the floor, small pressure or 
densit}' distm'bances aie set up in the 
air, and the disturbances radiate fiom 
tile source with the speed of sound. Com- 
pared witli the normal pressme of un- 
disturbed ail, the pressui'e inciease m 
such a sound wave is very small indeed, 
in the sounds of our daily experience the 
increment is onl\^ a hundi-edth to a thou- 
sandth of the original air pressme. While 
propagating tlie distui'bance the air par- 
ticles leave their positions temporarily, 
but each individual particle is displaced 
only a tmy distance, and it moves with 
only a hundredth or a tliousandtli of the 
speed of the sound wave itself. 

Since the temperatmre of air rises when 
it is compressed and falls when it ex- 
pands (as is illustrated by the heating of 
a tire pump or the cooling of a carbon 
dioxide cartridge making charged wa- 
ter) , sound involves a delicate tempera- 
ture change. The increase of tempeiatui*e 
is proportional to, but much less tlian, 
the increase of pressure. All tliese m- 
fiiiitesimal pressure, density and tem- 
perature disturbances are piopagated 
through space with the speed of sound. 
It is well known that the speed of sound 
varies with altitude, but contrary to a 
common impression this has little to do 
with variations in atmospheric pressure; 
the speed depends only on the tempera- 
ture of the air. It is also largely inde- 
pendent of the pitch or loudness of die 
sound. The spe^ of sound is 1,087 feet 


pel second at 82 degiees Fahienheit, and 
it increases as the squaie root of the tem- 
perature measured from absolute zeio. 

In the case of shock wMves we aie 
dealing with pressure changes much 
larger than those of ordinary sound; in 
fact, the pressure increase may be 
greater than the total original atmos- 
pheric piessure Such shocks, though not 
encountered as fiequently as ordinary 
sounds, are common enough. The noise 
of a tire blowout, the blast of an explo- 
sion— whether it be a bomb oi the vol- 
cano ICrakatoa— aie examples of pies- 
siires higher than atmospheric that aie 
leleased suddenly. Conversely, the le- 
port we hear wdien an evacuated con- 
tainer such as a carbon filament lamp oi 
a Thermos bottle bieaks is the result of 
a sudden pressure reduction. The former 
are examples of compression waves, the 
latter of rarefaction waves. The term 
wave is used here to deseiihe a disturb- 
ance of piessure, but not necessarily a 
periodic one. The periodic charactei of 
tlie small changes of pressure in a sound 
wave piopagating a musical note is not 
really essential to the phenomenon. (The 
large efl:ect of the ti'umpets of Jericho 
should piobably not be legarded as 
proof of the magnitude of the pressiue 
changes, more likely it should be as- 
cribed to resonance ) 

The piopagation of these large dis- 
tuibances is quite different from that of 
small some disturbances. The latter al- 
ways have a definite speed— the speed 
of sound in everyday experience. The 
speed of a huge disturbance, or shock 
wave, varies with the amount of the pres- 
smre change, the greater the pressme in- 
crease, the faster it travels- This is due to 
the temperature effect mentioned eailier. 

T he origin and development of a 
shock wave are depicted m the dra\^- 
ings on page 16. The top drawing shows 
three regions of differing air pressm-e. 
The air in the region at the extreme right 
is at rest; its pressure is pQ. To the left 
of it is a region of higher pressure, p^, 
and at the far left one of still higher 
pressure, pa. Obviously this situation 
will result in air movements of a certain 


pattern and velocity. If the p„ region is 
at rest, the entiie an layei of the pi 
legion will rush to the light with a cei- 
tain velocity which is constant for the 
whole plateau The p^ air layei also will 
lush to the light, m other woids, it moves 
fastei than the p^ layer, its speed m re- 
lation to the pt layei being approximate- 
ly as great as that of the pi layei in 
lelation to po It is therefore clem tliat 
the speed ol the point B, at the edge 
of the legion, is much greater with 
respect to the ((met an in po than the 
.speed of the point A. Hence the com- 
pression at B catches up with the com- 
piessioii at A and ultimately amalga- 
mates with it. 

Although wc have found it convenient 
to speak heie ol just two pressme 
changes, affecting whole regions, actu- 
ally the same phenomenon takes place 
at each point within a single legion of 
compression. This is illustiated in the 
middle drawing on page 16. There the 
piogiess of a single compression wave 
IS shown at very short time inteivals. 
The speed of propagation is slowest at 
A, the foot of the compiession, and high- 
est at B, the head of the compression. 
B staits behind A, but finally catches up 
with it. This IS the genesis of a shock 
wave. The harmless compiession wave 
tiavehng to the light steepens more and 
more until it becomes a sharp discon- 
tinuity in pressure, which fxom then on 
moves without change into the low- 
pressme region at the right The effects 
of this discontinuity are violent because 
the ail pai tides are enormously accel- 
erated as they are engulfed. 

In these two drawings we have, as is 
customary, plotted pressme as a vertical 
coordinate against distance. It is a re- 
markable fact that there is more reality 
m this way of presenting piessme dis- 
tributions in compiessible gases than 
might be expected For many yeais it 
has been known that there is an exact 
analogy between the propagation of 
large pressure changes in compressible 
gases and the propagation of i datively 
large waves in shallow bodies of water. 
The height of the water wave, for exam- 
ple, corresponds to the gas density, and 
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the houzonUil components of the \\Mtei zone until a leal discoutmiuty in lev^el, da’s Bay ol: Fiuidy and in many ti epical 

velocity at the sail ace conespond to the the analogue ol a shock wave, is cstab- iiveis. Someiset Maugham’s tamoiis 

gas velocity. Thus oui two drawings take hshed. shoit story “The Yellow Stieak” desciibes 

on a moie easily visualized chaiacter the Thiee diffeient names have been the teirois of being caught by a boie on 
cuives with which the varying picssures given to this phenomenon in natuie. In aiiver in Borneo 

weie plotted against distance can be le- the ocean such a shaip level discontmui- The aeiodynamicist is interested in 
gaided as giaphs of the height of the ty, winch may be caused by a submaiine such matteis because, as a lesult of this 

watei in a shallow tank. In the fiist volcanic ei up tion, is called a tidal wave analogy between the flow of watei and 

di awing two uses in watei level aie In veiy swift mountain streams theie aie of gases, the study of watei flow in a 

lushing into the quiet water at the iigbt. stationaiy level discontinuities, produced shallow tank piovides him with a labo- 

In the second di awing a plateau of high by obstructions oi changes m the slope latory model of the complicated be- 

watei is lushmg into a region of quiet of the stieam bed, that slow the stream havior of shock waves in gases. It is pos- 

water. Connecting the two water levels down, such a discontinuity is known as sible, however, to investigate shock 

in this di awing is a tiansilion zone in a hydiaiihc jump In the mouths ol cei- waves moie directly. This is due pnnci- 

which the speed of the watei uses fiom tarn iiveis the incoming tide steepens pally to the work of the Austuan theo- 

zero to its final maximum This causes into a chmgeious discontinuity called a retical physicist and philoso^^lier Ernst 

the gi actual steepenmg of the tiansition bore Boies have been observed in Cana- Mach, who at the turn of tlie centui'}' 



SHOCK WAVES are made visible in a shadow photo- jectile moves through a gas from right to left. The angle 
graph taken at the Ballistic Research Laboratories of of the shock wave originating at the conical tip indi- 
Aberdeen Proving Ground at Aberdeen, Md. Here a pro- cates that the Mach number of the projectile is 1.88.. 




CAUSE of a shock “^vave is demonstrated by assuming a region of low pres- 
sure (p<i) ^ a x'egion of higher pressure (pi ) and a region of still higher pres- 
sure ( P 2 ) - Point B moves faster tlian A and ultimately catches up with it. 



EFFECT of the phenomenon outlined in the drawing at the top of this 
page is to cause a harmless discontinuity in pressure (1) to become 
sharper (2. 3 and 4) until it is the violent discontinuity of a shock wave. 



BULLET moving through the air at a speed less than tliat of sound {left) 
is surrounded by a succession of spherical waves. When the bullet moves 
faster than sound I right) the disturbance forms conical shock wave pattern* 


cle\'eloped methods for observing actual 
shock waves in an . 

Theie is a phenomenon, ukm to a cei- 
tain effect of shock waves, winch is fa- 
miliar to eveiyone~the layeis of hot an, 
separated by visible boundaries from the 
cooler air above, that one can see over a 
hot radiatoi beneath an open window oi 
on a hot pavement m summei . The sharp 
diffeiences in tenipeiature produce shaip 
diffeiences m the density of the air A 
shock wave, similarly, represents a dis- 
continuity in density, and the air on one 
side of the wave has optical properties 
diffeient horn those of the air on the 
other. The pioblem m observing it, of 
course, is that a shock wave is extremely 
tiansient. Shock waves can be photo- 
graphed only by the use of delicate and 
ingenious timing devices foi tripping the 
camera. 

The most common application of tins 
technique is to photograph the flow of 
air around objects, notably bullets in 
flight. The tip of the Inillet forms the 
vertex of a conical shock wave. Tins is 
the visible manifestation of a discontinu- 
ous change in the velocity of the paited 
air. The shock waves heie are moie com- 
plex than those pictuicd in om simpli- 
fied diagrams—they are cuived and ob- 
lique. By oblique wc mean that the flow 
velocity is no longei peipendicular to the 
wave h out, it inlei sects the wave front at 
an angle This conical sliock or bow wa\'e 
IS typical m supersomes, and by coiisid- 
eiing it we will arrn^e at a deeper undei- 
standing of the shock wave phenomenon. 

L et us look at the bullet flist as if it 
i were a small disturbance, like a 
sound wave. Let us furthermore imagine 
that we aie riding the bullet, Munchau- 
sen-faslnon, and watching the air rushing 
by. We may then account for the effect of 
this small disturbance, as did the 17th- 
century Dutch natural philosopher Chiis- 
tian Huygens, as a steady succession 
of spherical waves. It is as if, stand- 
ing on a bridge abo\^e a swift stream, we 
watched the surface of the stream flow 
by a point of small disturbance such as 
might be created by a fishing fine hang- 
ing in the stream, except that here the 
distmbance is more like a succession of 
drops falling upon the surface. As long 
as the speed of the bullet, corresponding 
to the speed of the stream, is less than 
the speed of sound, corresponding to the 
speed of the circular ripples propagating 
the disturbance, the eftect will be mere- 
ly a sei ies of circles that are somewhat 
crowded on the upstream side, or the 
diiection of the bullet’s flight, as shown 
in the drawing at the bottom of tliis page. 

Now let us go on to picture the quite 
different effects when the bullet travels 
faster than sound. As soon as it exceeds 
the speed of sound, a conical envelope 
of spheres known as the Mach cone is 
formed; this is shown in the second 
drawing at the bottom of the page. The 
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shape of the Mach cone is completely do- 
hiiecl by the Mach angle, indicated by M 
in the chawing. Botli the Mach angle and 
the celebiated Mach niimbci aie found 
by consideimg the triangle BCO. If the 
bullet takes t seconds to ti avcl fi om O to 
B at a velocity n, then BO is ecjual to vt. 
O IS the centei of a sphere of disturbance 
that touches the Mach cone at G, and c 
IS the velocity with which the disturb- 
ance travels Irom O to C. Thus OC is 
ecpial to ct The ratio v/c is the Mach 
number As long as the Mach number is 
less than one, which is the case when the 
bullet is tiavelmg slower than the speed 
of sound, no Mach cone exists. When the 
Mach numbei is one, that is, when the 
speed of the bullet exactly equals the 
speed of sound, a Mach cone begins to 
loim. As the speed of the bullet inci eases 
and the Mach number exceeds one, the 
Mach cone becomes moie and more 
slender For Mach numbei 2.5, as an 
example, the Mach angle is only 23 de- 
giees. 

The transsonic case, when the Mach 
numbei becomes one, is ol course a con- 
dition of consideiable interest to aero- 
dynamicists. Here the Mach cone, with 
M a right angle, is not actually a cone 
but a plane perpendicular to the line of 
Higlit. We leave it to the reader to iden- 
tify this plane with the “sonic hiu i icr*’ so 
often mentioned in the daily pi ess. 

When a bullet oi other missile travel- 
ing iastei than sound strikes an object, 
pait of the damage is due to the conical 
shock waves which accomj^any it. This 
fact has led to the study of how shock 
waves are leflectecl from walls. The prob- 
lem has been thoroughly investigated, 
and various unexpected phenomena 
have been discovered We can simplify 
the discussion of tliem by using the terra 
“the stiength of the shock,’’ which is de- 
fined as the latio of the piessme before 
the passage of the shock to the piessuie 
afterwaid. A shock is strong when the 
latio IS much gi eater than one. It is weak, 
and equivalent to a sound wave, when 
the pi assure changes little. 

When a sound wave or a weak shock 
is reflected from a wall, the angle of re- 
flection is equal to the angle of incidence, 
as m the case of light. The drawing at 
the top of this page illustiates this sim- 
ple situation. If we use the analogy of 
water once again, we can imagine that 
we are looking down at a swift stream, 
flowing in the direction of the parallel 
lines, with a fishing line penetiating the 
surface at a point off to the lowei left. 
When a ripple from this point strikes the 
shore, it is reflected back into tlie stream 
at an angle equal to that at which it 
strikes. 

The drawing at the middle of this page 
illusti'ates the situation when the weak 
some disturbance is replaced by a shock 
of medium strength. Here the water 
analogy might be the passing of a speed- 
boat moving to the left. The bow wave 



WEAK SHOCK {heavy ivhite line) is reflected from a surface (dark gray 
area) at the same angle with which it strikes. The flow of a fluid crossing 
the boundaries of the shock (dotted lines) is not appreciably affected. 



STRONGER SHOCK is reflected from a surface at an angle different from 
the one with which it strikes. The flow of a fluid is sharply bent as it 
crosses each hoiindaiy. Pressure of fluid at right is higher than that at left. 



STILL STRONGER SHOCK produces an entirely different pattern of 
shock waves. Fluid flowing from A passes through two shock waves to enter 
C and D. Fluid flowing into B is sharply differentiated from that in D. 
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of the speedboat is represented by the 
shock at the left. The pattern is now 
qmte asynimebical; the reflected shock 
comes from the shore at a smaller angle 
than the one at which the original shock 
hit the shore, and the flow of the stream 
n refracted sharply where it encounters 
the distmhaiice. What is of greater prac- 
tical interest is the dangerous fact that 
when the stieam passes through the oiig- 
inal shock its pressure is increased When 
it passes thiough the leflected shock, its 
pressui'e increases again, but this time 
the increase is much greater. In other 
words, the reflection of shock waves 
raises the pressure to many times the 
original, and accounts for much of their 
devastating effect. This type of reflec- 
tion, in-egular though it may seem by 
comparison with the leflection of light or 
sound, IS called ‘regular leflection” in 
modern aerodynamics. 

If a still stimnger shock is imposed 
on the fluid, legular reflection becomes 
impossible and is replaced by an entmely 
different and more complicated phe- 
nomenon, This effect, which has lately 
come to be called the Mach reflection, is 
ilhistiated in the drawing at the bottom 
of page IT. Here the fluid moving from 
left to light IS di\ndecl by the point Y into 
two sections of differing behavior. The 
fluid particles arnviiig above Y will pass 
tlirough a single shock wave into legion 
B, bounded by the wall and the dotted 
line The fluid belou^ Y passes through 
two shock waves, flist into region C and 
tlien into region D The flow of tlie fluid 
in regions B and D is not identical. The 
flow in region B changes abiuptly at the 
dotted line, which lepiesents a discon- 
tinnih’ similar to a shock but less drastic. 
Although the pressure is the same on 
both sides of the dotted hne, the speed of 
flow, tempeiature and density are differ- 
ent. It should be noted that this pattern 
does not remain statiouar}^ point Y moves 
away from the wall 

HILE all these phenomena are of 
interest in themselves, they have a 
special, practical importance to the aero- 
dynamicist. The aerodynamicist must 
know the entire distribution of air veloci- 
ties around an airplane or a missile and 
the over-all forces such as lift and drag. 
The best apparatus for studying these 
phenomena is a supersonic uaiid tunnel. 
In it a sti'eam of air of knovMi speed is 
blow past a stationary object. The ve- 
locit)' distribution, with its shock waves, 
can then be photographed. Lift and drag 
can be measured, Unfoitunately the pow- 
er required to drive a stream of air at su- 
personic speed through a wind tunnel of 
reasonable size is so enormous that only 
a few such tunnels have been built. The 
power requirement can be reduced by 
evacuating one or more large containers 
and then letting air nrsb back into them 
through the timneL The recently dedi- 


cated supersonic tunnel of the Naval Re- 
search Laboratory at White Oaks, Md., 
works in this manner. 

Foitunately shock waves themselves 
can be observed by physicists with a 
much simpler device. This is the shock 
tube, invented by a Frenchman named 
^TellIe in the last century and developed 
bv W. Paynian and W, F, C. Shepherd 
in England and by W. Bleakney and 
Lincoln G. Smith in the U. S. The shock 
tube is meiely a steel tube of uniform 
cross section closed at both ends. A thin 
plastic diaphragm in the middle of the 
tube divides it into two chambers A 
pressure difference is established eithei 
by compressing the air on one side of 
the diaphragm or by partly evacuating 
the air on the other side. When the dia- 
phragm IS punctoed, a shock wave trav- 
els into the expansion chamber and a * 
rarefaction wave travels into the com- 
pression chambei. 

The sequence of photographs at the 
right shows the flow of air around a 
double-wedge airfoil in oiii shock tube 
at the University of Michigan. The 
wedge is facing a supersonic air sti'eam 
coming horn the left and is inclined at 
an angle of 17.5 degrees to the stream of 
flow. The fiist picture shows the piimary 
shock wave, i e , the shock separating the 
still ail' at the right h'om the siipei sonic 
stream at the left. Since the shock wave 
has to terminate perpendicularly on the 
wedge, the lower end of its upper half 
bends slightly towaid the wedge to 
form a light angle. The lower half, to- 
gether witli the cui'ved bow wave, has 
airanged itself in the Mach configm'a- 
bon uhich we have already seen dia- 
grammed in tlie drawing at the bottom 
of page 17. Even the discontinuity rep- 
lesented m that di awing by the dotted 
line IS visible in the photogiaph. In die 
second pictiiie, made 30 microseconds 
after the first, the whole phenomenon 
has moved downstream. The thiid and 
fourth pictures, made 56 and 79 micro- 
.seconds after the flist, show how the 
lower half of the prmiary shock wave 
curls aiound the rear of the wedge^to 
form a vortex To the aerodynamicist this 
IS visible testimony of the lifting force. 

These pictoes illusti'ate the great po- 
tentialities of the shock tube in observing 
and recording supei sonic flow patterns. 
For such observations the tube is a com- 
petitor of the wind tunnel, but for the 
direct measurement of piessuie dish'ibu- 
tions and some other phenomena the 
wind tunnel remains indispensable. The 
advantages of the shock tube are its sim- 
phdty, its more precise control of pres- 
sure, density, temperature and the Mach 
number, and the fact tlrat it may be used 
to study shock waves in any gas. 


Otto Laporfe is professor of phys- 
ics at the Unimrsity of Michigan. 




FIRST photograph in a sequence of 
four shows a wedge-shaped object in 



THIRD photograph shows the lower 
half of the bow wave curling around 
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shock Uihc jiisl alter a ra})idly inov- SECOND phoLograpli shows the various shock waves moving from left to 
ing wave front has cncoimtcrcd it. right with the flow of the gas. Bow wave is at left; Maoh reflection at bottom. 


FOURTH photograph shows primary shock wave just before it drops off the 
end of the wedge. Four photographs w’ere made about 30 microseconds apart. 


the back end of the wedge. This is 
visible evidence of aerodynamic lift. 
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During the past 25 years the fossil remains of a ivhole 
group of creatures betiveen apes and men have been found 
in South Africa. A personal account of the discoveries 

by Robert Broom 
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STORKFONTEIN CAVES yielded some of the most sig- 
nificant fossils of the ape-men. This draining shows Ih. 


Brimm and his assistants at the site where they discov 
ered an almost perfect skull of a female Plesianthropus 







T hough theic weie many eminent 
evolutionists lieloie Chailcs Dar- 
win, it was he who m 1859 first 
convinced the majority of scientists that 
man had evolved horn some ape oi ape- 
like being. Of couise there were some 
who weie unconvinced, and even toda)’' 
theie are still a few, but no scientist of 
any eminence, so lar as I know, would 
hold now that man is a special creation. 
Some deny that he evolved by ‘natural 
selection” as Dai win suggested, but 
eveiy scientist piobably is satisfied that 
whethei man developed gradually oi 
aiose by a sudden mutation, he certainly 
came from parents who weie apes oi 
apelike. 

Yet who weie his ancestois? That 
question has pi eyed on the minds ot 
evolutionists i 01 the last 90 ycais Among 
living 1 01 ms aie several which have been 
claimed as man’s neaiest lowci relatives 
The goiilla, the hugest living piimatc, 
has quite a number of human chaiactcis, 
and some have claimed him as i elated to 
man’s ancestor. The chimpanzee also has 
many human resemblances, and possibly 
the majoiity ol anthiopologists today 
would vote loi the chimpanzee as man’s 
neaiest lelative The orangutan has a few 
human characters not found in the gorilla 
01 chimpanzee, but it is too specialized 
to have many suppoitcis. One eminent 
scientist, convinced that none of the an- 
thi opoid ajies is close enough to man, has 
come to the conclusion that he evolved 
horn some unspccializcd lelativc of the 
monkey like little Taisms of Borneo. 

The hunt ioi the fossil relatives of 
man was foi yeais practically baiien oJ 
lesulls. The mam reason, no doubt, was 
that very few scientists wonied about 
hunting Most ol them found it moie 
comfortable to sit in theii piotessional 
chans and do nothing— except ciiticize 
the few amateurs who went digging. 

In 1889 an ambitious young Dutch 
cloctoi, Eugene Dubois ol Amsterdam, 
got himself a post in the Dutch East 
Indies so he might look foi man’s anecs- 
tois In thiee years he had Joiind the 
famous Pithecanthropus skull, which is 
now acknowledged by all anthiopolo- 
gists to be human. Three otbei skulls of 
the same type have since been found. 

In 1907 a German scientist, after a 
deliberate search foi some yeais, discov- 
ered a very remarkable human jaw at 
Heidelbeig This represents another type 
ol early man. In 1912 the Pilldown skull, 
lepresentmg still anothei type, was dis- 
coveied in the south of England. It has 
a relatively large biam, and a jaw which 
in a number of characters resembles that 
of the anthropoid apes. Then we had the 
Peking man, a type allied to the Java 
Pithecanthropus. And finally there is the 
Rhodesian skull of Africa, another hu- 
man type. 

All these finds were only skulls of 
various types of early man, and threw 
little or no light on man s origin. In 1924, 


however, came a discovery that opened 
a new chapter in tlie stoiy of man. 

Neai Taungs m South Africa is a large 
lime deposit with a few caves where 
fossil bones have been pieserved. Nu- 
meious skulls ol small apes or baboons 
had been found m these caves Towaid 
the end of 1924 a quairyman named M. 
de Biuyn one day blasted out a small 
skull which he immediately lecognized 
as that of a being not unlike man. It was 
believed that he had discoveied a fossil 
Bushman, and the skull was sent to the 
anatomist Raymond Dart in Johannes- 
burg lor Ins opinion. Dait, after cleaning 
and studying the skull, promptly sent oft 
a paper to London claiming that it was 
that of a being intermediate between a 
highei ape and man. He called it Aiistra- 
JopitliGCUs africaniis. 

When the papei appeared, on Febiu- 
aiy 7, 1925, all English and American 
scientists who expressed an opinion weie 
unanimous m declaring that Dait had 
made a seiious blunder, his little Taungs 
skull, they held, was only a variety ot 
chimpanzee. Immediately after the dis- 
covery was announced I went to Johan- 
ne&buig to see it and made a very care- 
lul examination, especially of the teeth 
I was at once convinced that Dait was 
essentially coned m his conclusion, and 
that this was practically the “missing 
link”--thc most important fossil find ever 
made. I wrote a papei supporting Dart. 
The noted paleontologist William J 
Sollas ol 0x1 Old Umveisity, to wliom I 
sent a median section ol the skull, also 
was converted to our view, and became 
oui strongest ally 

The discussion went on for yeais, and 
some of Dart’s opponents treated him 
very unfairly Many in England and 
Ameiica eventually came around to the 
opinion that he was right, but as the skull 
was that of a young child, most anthro- 
pologists remained unconvinced. The 
leading Americjan physical anthropolo- 
gist, Ales Hrdliflca, visited South Africa 
m 1925 and examined the skull, but did 
not feel able to give a definite opinion. 
He said: “Just what relation this fossil 
form beais, on the one hand, to the hu- 
man phylum, and on the othei to the 
chimpanzee and gorilla, can only be 
properly determined after the specimen 
IS well identified, lor which aie needed 
additional and adult specimens,” 

In 1936, having taken a post in the 
Transvaal Museum in Pretoria at the 
suggestion of General J. C. Smuts, I re- 
solved to look foi a skull of an adult 
Australopithecus. I felt that even if I did 
not get what I sought, I was sure at the 
least to find other interesting fossil forms 
in the rich cave deposits, I stalled to 
work at caves near Pretoria, and imme- 
diately found a considerable number of 
new fossil mammals. Early in August, 
1936, two of Dart’s students visited me 
and told me of caves at Sterkfontein, 
near Krugersdorp, where they had found 


some small fossil baboon skulls. Tins 
seemed so promising a locality that we 
all visited the cave on Sunday, August 9. 

T he caves had been known for over 
40 years. Mining operations were be- 
ing caiiied on for impure lime in the de- 
posits. G. W Barlow was the manager 
ol the quarrying operations and the caie- 
takei of the caves He told me that he 
had once worked at Taung.s, and that he 
knew something about the skull. I asked 
him if he had evei found anything like 
it at Sterkfontein, and he said he lather 
thought he had Any nice hones or skulls 
he found he sold to visitors, and had not 
woiiied about what they were. I asked 
him to keep a shaip lookout for anything 
like an ape-man skull, and he said he 
would. 

When I visited the caves again three 
days latei, he handed me thiee small 
baboon skulls and the badly damaged 
skull of a saber-toothed tiger, I bunted 
among the debris and found more of the 
saber-tooth skull and also a nice canine. 
The following Monday Bailow handed 
me two thuds of a beautiful fossil brain 
cast, and asked, “Is this what you aie 
after^” I replied, “Yes, that’s what I am 
aftei.” It had been blasted out that 
moi ning, and it was manifestly the brain 
cast of a Jossil ape-man. I hunted among 
the blasted debris for some boms, but 
could get no more of the skull except the 
cast of the lop ot it, whicli I cut out ol 
the side wall ol: the cave. Next day, after 
some three more houis’ hunting, I found 
all the base of the skull, both uppei jaws, 
badly displaced, and some fragments of 
the biam case. When the bones were all 
cleaned and assembled, we found we 
had most of the skull, except foi the 
lower jaw, of a cieature which we even- 
tually called Flesianthropiis transvaalen- 

SIS 

During 1936, 1937 and part of 1938 
we found many other remains ot this 
Sterkfontein ape-man— bits of skulls, iso- 
lated teeth and parts of limb bones. ( Wc 
now have many skulls and about 130 
teeth of Plesianthiopus.) We visited the 
caves every week, sometimes twice a 
week The native boys weie always on 
the hunt, and I laiely went to Sleikfon- 
tein without bringing back some impor- 
tant tooth or bone. Every visit cost some 
shillings in tips, but it was woitli it. 

One June day m 1938, when I airived 
at the workings, Barlow said, “I have 
something nice for you this morning,” 
and handed me a beautiful palate of a 
large ape-man with one molai tooth in 
position. I said, “Yes, that is a nice speci- 
men ril give you a couple of pounds for 
it.” He was quite pleased, but did not 
seem inclined to tell me wheie he had 
got the specimen. The matrix was difier- 
ent from that in the Sterkfontein cave, 
and I was sure it came from some other 
locality. When I insisted on knowing 
where it had come from, Barlow told me 
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a schoolbov named Geit Teiblanche had 
bi ought it to him fioni somewhere at 
Kronidraai, a hirm about two miles 
aw ay. 

I went to the faim wheie Geit In^ed 
and found his mother and sister at home 
The sister took me up to the place on a 
hill wheie Gert had bioken the skull 
with a hammer horn an outciop of bone 
bieccia deposit Lying around were a lot 
of bioken fragments of bone and a few 
teeth. The sister told me that Gert had 
four teeth with him at school and she 
thought he had some pieces of the skull 
hidden' awa\ When I arrived at tlie 
counti’V school and with the pilncipaTs 
help found Geit playing outdoors, the 
boy drew h’oni his trouser pocket four 
of the most beautiful fossil teeth ever 
found in the world’s history Two of the 
four fitted on the palate Barlow had 
given me. The other two had been 
weathered off. I promptly bought the 
teeth from Gert and put them in my 
pocket. Gert told me he had another nice 
piece hidden away So with the pnnci- 
pals delighted agreement I stayed and 
lectured to tlie teachers and pupils on 
caves and bones until school was dis- 
missed for tlie day. Then Gert took me 
up the hill and drew out from his Inding 
place a very fine jaw with some beauti- 
ful teeth. 

In the next few days we sifted all the 
ground m the close neighboihood and 
recovered nearly every scrap of tooth oi 
bone in the place. When all the bits were 
cleaned and joined, it was found that 
we had the greater pait of the left side 
and of the right lowei jaw of a verv fine 
skull, with many of the teeth well pre- 
served. The skull differed in a number 
of characters bom that found at Sterk- 
fontein, and it had a larger brain. In 
some respects it was moie human; in a 
few, less human. We described it as a 
new genus named I’aranthropus robus- 
tus. 

Some English critics considered that I 
was too darmg in identifying two en- 
tirely new genera on the basis of skulls 
which they thought were piobably only 
adult skulls of the Taungs ape. Julian 
Huxley kindly wrote me suggesting cau- 
tion. Of course the critics did not know 
the whole of the facts. When one has 
jealous opponents it does not seem wdse 
to let them know eveiything. When 
later we found the jaw of a baby Paran- 
thropus, we discoveied that not onlv are 
the Taungs, Sterkfontein and Kromdraai 
ape-men different geneia, they perhaps 
belong to different subfamilies. 

Although work tit the caves was al- 
most entirely stopped during the war, 
we had plenty of material collected to 
keep us busy. At the beginning of 1946 
a book was published giving a full ac- 
count of all the ape-man remains tliat 
had been found up to that date. The 
book created a considerable sensation In 
the scientific world. The National Acade- 


m\ of Sciences m Washington has just 
a\\mdecl me the Elliot Medal foi it, 
as the most impoitant woik in biology 
published m 1946. 

I N August, 1947, Geneial Smuts 
phoned to ask me to see him. He 
recogmzed that we weie discovering the 
origin of man, and tliat the woik at the 
caves must be carried on He told me 
that whatever money I lequired would 
be piovided by the Government. Alas, 
as soon as Geneial Smuts had left on a 
trip to England and America, our His- 
torical \Ionuments Commission, which 
beheves it has dictatorial lights to de- 
cide who is to be allowed to hunt for 
fossils, and how the woik is to be done, 
intervened and warned me I would not 
be allowed to excavate except under 
conditions which I legarded as insult- 
ing I was to be allowed to work only in 
collaboration with a “competent field 
geologist,” who was to be consulted 
whenever a blast was contemplated. To 
continue on such teims was impossible, 
and I had to wait till Genei al Smuts re- 
turned from America. When he came 
back at Christmas he again phoned me. 
He seemed veiy angry, and told me to 
carry on. 

I started work at Kromdiaai and 
woiked there for thiee months. Then 
the Histoiical Monuments Commission 
sent me a “peimit” to continue work at 
Kiomdraai. Since they did not send me 
a “permit” to work at Sterkfontein, I 
immediately stopped woik at Kromdraai 
and started at Sterkfontein without a 
“permit ” 

At Sterkfontein we found a crushed 
palate of a young ape-man and part of 
the upper jaw of a baby. On April 18, 
1948, a lucky blast revealed a perfect 
skull of an adult female This is the 
finest fossil skull ever discovered—more 
important than the Pithecantliropus 
skull of Java, the jaw of Heidelberg man 
or the skulls of Peking man. Those were 
all remains of early man. This was the 
skull of a being not yet man but neaidy 
man. The skull is practically human in 
all respects, except that the brain is 
small— only 480 cubic centimeters. 

Of course the discovery was much too 
important to please the Historical Monu- 
ments Commission, especially as it had 
been made by defying tliem and by 
breaking the law. They sent a deputa- 
tion to General Smuts protesting that in 
my excavations I paid no attention to 
stratigiaphy and was destroying valu- 
able historical evidence required for 
dating the specimens. Though there was 
no truth in the allegation, I was tempo- 
raiily stopped. However, B, V. Lom- 
daard, professor of geology at Pretoria 
University, was invited to look into the 
matter and reported that there was no 
stratigraphy whatever where I had been 
working, and that 1 was doing no harm. 
So they had to allow me to continue, 


though still undei ahsmd conditions to 
winch I pay no attention 

Oui next discovery was an almost pci- 
fect male jaw, the most notable feature 
ol which IS that though the canine tooth 
is largei than in man it has been gioiind 
down m line ivith the other teeth exactly 
as in man. This never happens m males 
ot the anthiopoid apes. Then we made 
an even moie impoitant find— a nearly 
pel feet pelvis. This striictuie, human in 
all essentials, proves that the ape-men 
walked on then hind legs. 

In October, 1948, Wendell Phillips ot 
the Umveisity of California Expedition 
suggested that I might slait work at a 
new ca\^e deposit, he would finance the 
work and we could shaic the lesults. It 
seemed to me a good plan Hunch eds ot 
caves are awaiting exploration. We 
staited at a promising deposit at Swart- 
kians, only a mile from the mam Sterk- 
fontem cave. Immediately we were 
amazingly successful. Within a hw days 
we discoveied a lower jaw of a new type 
of ape-man much laigei than any we had 
known befoie. I named it faianthropus 
ciassidetis. 

While I was visiting the U. S. last 
March and Apiil, my assistant, J. T. 
Robinson, discoveied at Swaitkrans a 
beautiful, neaily perfect lowei jaw. It 
IS really huge, possibly larger than the 
giant jaw fiom Java that has been called 
Meganlhropus by the Dutch anthro- 
pologist G. H R. \'-on Koemgswald. It 
almost seems to coiifiim the view of 
the noted anthropologist Fianz Weiden- 
leich that “there weie giants in the earth 
m those days,” as stated m Genesis. 

A month latei Robinson made an even 
more important discovery. In a pocket 
winch must be of later date than the 
Swartkrans jaw, he found u'hat appeals 
to be a human jaw. Though the molai 
teeth are a little largei than in Homo 
sapiens, they are not unlike those of the 
Java early man, Pithecanthropus. The 
ramus of the jaw is rather slender, and 
as the ascenchng ramus is low, we may 
assume it to be probalile that the biain 
is neaier to the human type than in the 
ape-men. 

Since I 1 etui lied to South Africa sev- 
eral montlis ago we have discoveied 
three fairly complete but badly crushed 
skulls of the Swaitkrans ape-men. It is 
impossible yet to estimate the size of the 

RELATIONSHIPS between the 
skulls, jaws and thigh lioiies of sever- 
al primates are shown in the draw- 
ings on the opposite page. The crani- 
al capacity of Plesianthropus is not 
much larger than that of the chim- 
panzee, hut the characteristics of the 
skull are rather similar to those of 
Rhodesian man. The jaws of Paran- 
thropus and Plesianthropus are more 
massive than that of man. The thigh 
bone of Plesianthropus is more like 
man’s than that of the chimpanzee. 
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PRI!\IAXE FAMILY TREE^ as proposed by Dr. Broom, places tbe ape-men 
Australopitliecns, Parantbropus and Plesianthropns on tJba main branch 
of human descent. Tbe modem apes came from a fairly early offshoot. 


buun, but most likely it will prove to be 
over 700 c.c. 

Meanwhile, at the Makapan Caves 
about 180 miles farther north, Dait’s 
party, woikmg under the Bernard Price 
Institute, has made discoveries of equal 
impoitance. They have found a fine oc- 
ciput (real of the skull) of a female, part 
of a face, a good lower jaw of a young 
male, and part of a pelvis of perhaps the 
same young male. These aie ape-men of 
a diffeient type. Dait has called the 
genus AiisUalopithecus prometheus, 
meaning fix e-maker. I agiee that it is a 
new type of ape-man, but I do not think 
there is any good evidence that he made 
fire. And I am not satisfied that the sup- 
posed bone implements are really imple- 
ments, as Dart holds. 

As the case stands at present, we have 
conclusive evidence that a family of 
higher primates which were piactically 
human, but with relati\^ely small brains, 
lived in South Africa for piobably hun- 
dreds of thousands of years. While some 
hold that oui vaiious ape-men aie all 
varieties of one species, my own con- 
clusion is that there are five distinct 
types. I think it likely that some of the 
types date from the Upper Pliocene— and 
just po.ssibly the Middle Pliocene. Otheis 
piobably survived into the Lowei Pleis- 
tocene. This dating is at piesenl uncei- 
tam, some believe that most ol om types 
aie Pleistocene. 

Quite ceitain it is that our ape-men 
ran on then hind feet, and that the hands 
were too delicate to have been used for 
walking. It seems piobable that they dug 
out moles and haies with some kind of 
implement, and killed small baboons 
and dassies (the “conies'' of the Bible) 
for food. If they made weapons and tools 
we may have to call them “men." In any 
case they were neaily men. And the 
small jaw lecently discoveied might be 
taken as a link between the ape-man and 
a true piimitive man such as Pithecan- 
thropus or the Heidelberg man. If so, the 
chain fiom a being that some consider 
to be an anthiopoid ape to man would 
be complete. 

But I personally do not think that the 
ape-men are anthropoids. I believe that 
the human line split off from the an- 
thropoids at least as early as the Lower 
Oligocene, peihaps 25 million years ago, 
and that the nearest known type to man's 
remote ancestor is not a chimpanzeelike 
ape but the little fossil ape Propliopithe- 
cus of Egypt. I suggest that the ape-men 
of South Africa came on a different line 
fiom tlie higher apes, and that one of 
them became the ancestoi of Homo 
sapiens 


Robert Broom is curator 
of vertebrate paleontology 
and physical anthropology 
at the Transvaal Muse- 
um, Pretoria, South Africa, 
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Every worker wilh sensitized materials 
will j&nd this new Kodak booklet a gold mine 
of valuable, up-to-the-minute information. 

The many recent advances both in sci- 
entific teclmics and in development of sen- 
sitized materials have opened new fields for 
research. And it is to supply scientific work- 
ers with complete data on the characteris- 


tics of many types of material available 
that tliis booklet has been prepared. 

Glance at the chapter headings shown 
above on the cover. Add to these dozens of 
charts and sensitivity curves and diagrams, 
and you get an idea of the wealth of in- 
formation this booklet contains. 

It is free— yours for the asking. 


EASTMAN KODAK COMPANY 
Rochester 4^ N. Y. 
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Announcement 

A t II a.m. on Septembei President 
. Truman announced the end of the 
U.S. monopoly in atomic bombs. His 
announcement that the U.S.S.R. had 
produced an atomic explosion was based 
on a careful evaluation by scientists of 
certain unspecified ewdence. Although 
his communique touched off much spec- 
ulation, the only authoritative informa- 
tion available to the pubhc was Tinman s 
statement and the official U.S.S.R. com- 
ment broadcast two days later by Tass, 
the Soviet news agency. 

The President’s full statement: 

“I believe the American people to the 
fullest extent consistent with the national 
security are entitled to be informed of all 
developments in the field of atomic en- 
ergy. That is my reason for making pub- 
lic the following information. 

“We have evidence that within lecent 
weeks an atomic explosion occurred in 
the U.S.S.R. 

“Ever since atomic energy was firsjj: re- 
leased by man, the eventual develop- 
ment of this new force by other nations 
was to be expected .""This probability has 
always been taken into account by us. 

“Nearly four years ago I pointed out 
that scientific opimon appears to be 
practically unanimous tliat the essential 
theoretical knowledge upon which the 
discovery is based is already widely 
known. There is also substantial agree- 
ment that foreign research can come 
abreast of our present theoretical knowl- 
edge in time.’ And, in the three-nation 
declaration of the President of the United 
States and the Prime \Iinisters of the 
United Kingdom and of Canada, dated 
November 15, 1945, it was emphasized 
that no single nation could, in fact, have 
a monopoly of atomic weapons. 

‘This recent development emphasizes 
once again, if indeed such emphasis were 


needed, the necessity foi that tiuly effec- 
tive and enforceable international con- 
ti'ol of atomic energy which this Govern- 
ment and the large majority of the 
members of the United Nations support.” 

The text of the Tass statement, broad- 
cast in English from Moscow: 

“On September 23 Mr. Tiunian, 
President of the U. S. A., announced that 
accoiding to data of the Government of 
the U. S. A., dunng one of the recent 
weeks there had occuned in the U S.S.R. 
an atomic explosion. Simultaneously, a 
similar statement was made by the Brit- 
ish and Canadian Governments. 

“Following the publication of these 
statements in the American, British and 
Canadian piess and also in the press of 
other counti'ies, there appealed numer- 
ous utterances which spiead alarm 
among bioad social circles. 

“In tins connection, Tass is empow- 
ered to declare : 

“In the Soviet Union, as is known, 
building woik on a large scale is in prog- 
ress— the building of hydroelectiic sta- 
tions, mines, canals, roads, which evoke 
the necessity of large-scale blasting work 
with the use of the latest technical 
means, 

“Insofai as this blasting woik has 
taken place and is taking place pietty 
fiequently in various parts of the coun- 
try, it is possible this might draw atten- 
tion beyond the confines of the Soviet 
Union. 

“As for the production of atomic ener- 
gy, Tass consideis it necessary to recall 
that aheady on November 6, 1947, 
Minister of Foreign Affahs of the 
U.S.S.R. V. M- Molotov made a state- 
ment concerning the secret of the atom 
bomb, when he declared that this secret 
was already long ago nonexistent. 

“This statement signified the Soviet 
Union aheady had discovered the secret 
of the atomic weapon and that it had at 
its disposal this weapon. 

“Scientific circles of the United States 
of America took this statement by V. M. 
Molotov for bluff, considering Uiat the 
Russians could not possess an atomic 
weapon earlier than the year 1952. They, 
however, were mistaken, since the Soviet 
Union possessed the secret of the atomic 
weapon already in 1947. 

“As for tlie alarm that is being spread 
on this account by certain foreign circles, 
there are not the slightest grounds for 
alarm, 

“It should be pointed out that the So- 
viet Govemment, despite the existence 
in its country of an atomic weapon, 
adopts and intends adopting in the fu- 
ture its former position in favor of the 
absolute prohibition of the use of the 
atomic weapon- 



‘Concerning contiol of the atomic 
weapon, it has to be said that conti ol will 
be essential m oider to check up on ful- 
fillment of a decision on the prohibition 
of production of the atomic weapon ” 

Name and Place Unknown 

I N the absence ol a “Smyth Report” 
from the U.S S.R., the Russian 
atomic explosion generated aiemarkably 
confusing crop of descriptions of the 
Soviet atomic energy enteiprise, which, 
for want of a more authoritative name, 
may perhaps be called the Moscow En- 
gineering Distiict. These accounts, gar- 
neied by the Western press from souices 
laiiging from unnamed Washington in- 
formants to “a Yugoslav lecently le- 
turned from the Soviet-Iranian border,” 
made up in circumstantial detail what 
they lacked in authority. They pioduce 
the following pictme: 

“Atomgrad,” the Soviet center of 
atomic energy woik, is variously located 
“a few miles north of Erivan” in the 
Caucasus near the Soviet-Turkish bor- 
der; at “Ukhla, deep inside Russia”, near 
Tobolsk, in central Rus.sia; “beyond the 
Urals”; “in eastern Siberia.” 

The power of the Soviet explosion is 
described by one soiuce as less than that 
of the Alamogordo bomb and by others 
as greater than that of any U.S. atomic 
bomb except the latest ones tested at 
Eniwetok. 

The date of the explosion is stated on 
reliable authority to have been July 10, 
early in August, around September 1, 
and September 12. “Reliable sources” m 
Paris declare that French engineers re- 
cently detected not one but three atomic 
explosions in Russia. 

The explosion was detected in (a) 
Geimany, (b) Fiance, (c) Iran, (d) 
Scandinavia, (e) Japan, or perhaps (f) 
Alaska, According to Time^ “patrolling 
bombers, sniffing at the winds that blow 
out of Russia, picked up the radioactive 
cloud [and followed it] for thousands of 
miles.” 

The Russians learned how to make 
the bomb from the Smyth Report and/or 
spies in the U.S., Canada and Britain. 
Alternatively, or concuriently, they have 
had an atomic bomb project of their own 
since 1943, under the direction of NKVD 
Chief Lawenti P. Beria, who would thus 
be the General Groves of the Moscow 
Engineering Distiict. 

The most detailed report, published in 
the Pans newspaper Figaro under the 
by-line of a Yugoslav traveler to Iran, 
describes “Atomgrad” as a collection of 
huge underground laboratories in the 
valley of the Sanga River 30 miles north- 
east of Envan. Built in 1946, it has 
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70, 000 wolkclS, among them 15,000 sci- 
entists and technicians, employed in loui 
scpaiate sections. 1) pielimmary lefin- 
ing of uianium, 2) piiiification of lua- 
nmm, sepaiation of U-235 and extraction 
of plutonium, 3) plutonium reseaich 
laboi atones, 4) a medical lesearcli cen- 
tei. Each section is sin rounded by a high 
concietc wall and no one is evei dis- 
chaigcd 01 allowed to leave. The Soviet’s 
decision to place its atomic eneigy pio]- 
ect m this vulnerable legion neai the 
boideis of Till key and Iian is explained 
on the gioimd that the U.S.S.R. had no 
othei convenient water-power sites avail- 
able 

How much tiuth theie may be in this 
potpoiuri of rumoi only the Soviet Gov- 
ernment and peihaps some U.S. and 
British intelligence officers know. The 
secrets of the Soviet woik m atomic en- 
ergy since the war certainly have been 
as closely guarded as those in the U.S. 
Outside of iiiLelhgence ciicles and the 
custodians ol high policy to whom they 
leport, no data aie available ioi any kind 
of mlonned guess as to how the Russians 
managed to Iniild an atomic bomb so 
soon and wlial the scale of then present 
opeiations is. 

Certain (acts, howcvei, arc known. 
The underlying seiontific principles and 
some ol the technological leqiiiiements 
foi a luaniiim chain leaction were widely 
discussed among Emopcan physicists as 
early as 1939. Since the war U. S. atomic 
energy officials have unearthed and 
tianslated a numbei of early technical 
papers by European woikeis which show 
a surpiising knowledge of the pioblems 
latei tackled by the IV'fanhattan Distiict. 
Thus a Geiman physicist, S. Fliigge, late 
in 1939 published in Ncitunvisscnschaft- 
cn a pupei called. ‘'Can Nucleai Eneigy 
Be Utilized for Practical Purposes?” In 
il he discussed the conditions for a chain 
leaction, the amount of eneigy that 
would be released, the measmement of 
the uianium capture cioss-sections foi 
thermal neutions, the absorption of neu- 
trons by fission pi oducts, the critical size 
of a bomb. The Russians weie not be- 
hind the Geimans in the investigation of 
atomic energy. At a meeting of the Soviet 
Ph\sical Society in June, 1941, Soviet 
physicists presented seven papers on nu- 
clear fission. These showed that the state 
of then knowledge in this field was close 
to that in the U. S. at the time. 

It is known that at the end of the war 
the U.S.S.R. had a nucleus of first-rank 
physicists for nuclear leseaich, including 
Peter Kapitza, Abram YoEe, ih I. Fren- 
kel, Igor Tamm, P. I. Lukirsky, Lion 
Landau, Pavel Cherenkov and Dmitri V. 
Skobeltsyn. It is also known that after 
the war the Soviet Union recruited sev- 


eicil Geiman atomic physicists, among 
them Gustav Heitz, winnei of the 1925 
Nobel prize iii physics. The U.S S.R. 
launched intensive uianium mining op- 
eicitions, involving many thousands of 
woikeis, at the famous pitchblende 
mines ol Joachimsthal, Czechoslovakia, 
and 111 Saxony, Germany 

It v'as upon these facts, and upon an 
appuusal of the technical pioblems to be 
solved and the geneial state of Russian 
technological de\'elopment, that U S. 
atomic scientists based their estimate 
that the Russians would achieve an 
atomic bomb m 1952. The fact that they 
achieved it in a much shoitei time 
means, as Samuel K. Allison of the Um- 
versity of Chicago has said, that the U.S. 
must “revise radically iipwaid” its esti- 
mation of Soviet technology. 

Detection 

A S fai as detection is concerned, the 
. difterence between the fiist atomic 
explosion in history, at Alamogoido, 
N. M„ and the ninth, somewlieie in the 
U.S.S.R., was like the difterence between 
an infant’s initial oblivion to Bie and its 
later expeiienced recognition. When one 
knows the signs to look foi, a faint smell 
of ]:)iirning or a wisp of smoke may be 
evidence enough. The experience gained 
from the obseivation of the eight atomic 
explosions fiom Alamogordo to Eniwe- 
tok undoubtedly was sufficient to enable 
U.S. lookouts outside the U.S.S.R. to 
detect evidence of an atomic explosion 
in that country. It is safe to say that 
President Truman’s announcement was ; 
based on an unambiguous accumulation j 
of cross-checked evidence, possibly gath- 
eied from a number of stations. 

Obviously Geigei counters gave the 
most impoitant evidence (aside from 
possible espionage). An atomic blast 
such as the one at Pliioshima leleases an 
amount of radioactivity' equivalent to 
that of 1,600 tons of radium. The clouds 
of radioactive mateiial, made up of some 
50 diffeient types of atoms, emit a vaiiety 
of radiations— neutrons, alpha particles, 
beta lays, gamma rays From the stand- 
point of long-range detection, only the 
beta lays are of much importance. Neu- 
trons quickly disappear horn the ladio- 
active clouds; within a second after the 
explosion, most of them have been ab- 
sorbed by hydrogen, nitiogeii and other 
gases of the aii. Alpha radiation also is 
relatively temporary in the clouds, for 
alpha pai'ticles come mainly from unEs- 
sioned uranium atoms, which are so 
heavy that most of them soon settle to 
the earth. Thus the traveling clouds of 
radioactivity are reduced largely to 
masses of relatively light fission products, 



In building one of the more powerful 
betatrons now in use, Dr. E, C. Gregg 
of Case Institute of Technology, Cleve- 
land, Ohio, specified Silicone -gloss 
tape and Dow Corning Silicone varnish 
to insulate the inner “bucking" coil. 
This coi( of Silicone-giass insulated 
copper tubing operates at 3250 volts 
and dissipates heat in the order of 
2500 watts. Silicone Insulation was 
used here and in many other parts of 
the betatron because of its exceptional 
heat stability, moisture proofness and 
arc resistance. 

In the Case betatron as in thousands 
of industrial motors, transformers and 
solenoids, Silicone (Class H) Electrical 
Insulation, made possible by the devel- 
opment of Dow Corning Electrical In- 
sulating Varnishes and Resins, gives 
longer life and greater reliability 
under severe operating conditions. 
Applications range from miniature 
plug jacks for portable telephone com- 
munications systems through light 
weight, totally enclosed industrial mo- 
tors and portable welding transformer 
coils to this 3l/2^ton betatron. 

If you have an electrical insulating 
problem, call our nearest branch office 
or write for our new booklet AGII 
on Dow Corning Silicone Electrical 
insulation. 

DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 

Atlonto * Chicago • Cleveland • Dallas 
Los Angeles • New Vork 
(n Canada. Fiberglas Canada, Ltd,, Toronto 
In England: Albright and Wrison, ltd., London 
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Dozens of firms, faced with an 
'‘impossible" problem in the research 
and developmeni of instruments and 
controls, have turned to IDL And 
the successful solutions they got are 
helping them make products better, 
faster and cheaper. Here are just two 
exa mples: 
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Found a"SWY o„e 

^^r ^^aSlsaccesstbU. 

No matter what field you’re in, 
IDL has help you can use. Write today for 
complete details. 
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Can machines think? 

... con they remember? 

R£AD 


GIANT 

BRAINS 

or Machines Thai Think 

By E C. Berkeley 


He 


Lere is the liist book to give the full 
■^inry of ‘'mechanical hrainb ’ Written in 
an easy, runlerst amiable ^tyle, Ginuf Brnuu 
tells huu a machine will and ^\ill not think 
. . . gi\es an introduction to punch card 
machinery , . describes the first three 
big “digital" calculators , . . 
lists some problems we can 
expect niachincb to sake 
ami suggests how we 
may hope to guide the 
robfjt machine. 

No\ ember 1949 
^ ^55 pages 
illus. $4,00 

EXAMINE 
BOOK FOR 
10 DAYS 



ON APPROVAL COUPON 
iOHN WILEY & SONS. INC. 

440 Fourth Ave., Hew York 14 , N. Y, 

Fkase aen<3 cie. on 10 fiayis’ apjjwval, a mpi ot 
Berkeley’s GIANT BK-klXS It i ^lOe to keep 
fke Irok I will remit plus postage , other- 
•W3.se I Vi ill i*tum Ike tfoofe postpaid. 

Name . . 

Addf«*« 

City 


• * - *‘r - n. 

tOWer Rot valirt outs«4c U S4 


emitting beta pai tides. A Geiger countei 
equipped with a window that scieens 
out the alpha lays horn natuially radio- 
active elements in the earth is extiemely 
sensitive to the beta radiations of atomic 
bomb fiagments in the air. 

The problem is to distinguish such 
radiation fiom the normal '‘background’’ 
of cosmic rays at the place wheie the 
counter is located. Cosmic radiation va- 
nes with latitude, longitude and altitude 
above the earth. At the 40th latitude, 
that of San Fiancisco and New Toik, 
the cosmic-iay background at sea level 
aveiages about 10 to 15 counts a minute 
in a counter of oidinary size. In a plane 
at 40,000 feet the backgi'ound count 
uses to 800 to 1,200 a minute, and bal- 
loons at 60,000 to 70,000 feet have le- 
corded counts of 3,000 and more per 
minute. A lecording of ladiation whicli 
IS more than 20 to 30 per cent above the 
normal background at any location 
would, m the absence of any known ex- 
planation, be consideied significant evi- 
dence ot an atomic explosion. 

How fai might a ladioactive cloud 
drift before it thinned out to the stage 
wheie it could no longer be detected? 
Reports published in The Physical Re- 
view aftei the New Mexico and Bikini 
tests give some idea of the umge of de- 
tection. About 59 hours altei the Alamo- 
gordo bomb exploded on July 16, 1945, 
A. W. Coven at the Naval Academy in 
Annapolis— some 1,400 miles away— 
found that the aiTs radioactivity had 
neaily doubled. Some 108 hours after 
the fiist Bikini e.xplosion, G. Heizog of 
The Texas Company’s Geophysical Labo- 
ratory m Houston, 6,800 miles away, ob- 
served sharp increases in radiation which 
lasted several hours. Thus the range of 
detection of an atomic explosion, given 
favorable wind conditions, may conceiv- 
ably be as much as seveial thousand 
miles. 

Much less helpful than the Geiger 
counter, but useful for checking its evi- 
dence, are the seismogiaph and the 
miciobarogiaph. After counters picked 
up an mciease in radiation, seismologists 
would look back at the shocks recorded 
on their seismographs during the sus- 
pected period of the atomic e.xplosion. A 
blast neai the surface of the earth can 
be distinguished from a deep eaith- 
quake. An earthquake produces, among 
other v'll^rations, "S” or “shake” wav^es, 
which oscillate at right angles to tlie di- 
rection of forward motion, A surface ex- 
plosion produces no shake waves, but 
mainly “P” or “push” waves, oscillating 
like those of sound. However, a seismo- 
graph obviously cannot identify the cause 
of an exqilosion, and it$ detection range 
is limited; the Alamogordo bomb just 
barely registered on seismographs at the 
California Institute of Teclinology about 
700 miles away, 

I Tbe microbarograph, a standard 
weather insbaiment that can measure air- 
pressure changes of a fraction of an 


ounce, might piovide additional con- 
fiimahon by lecordmg atmospheric 
shock waves. This device picked up the 
blasts ol the New Mexico test moic than 
700 miles away m Calitoinia, and its 
range has since been extended. 

Theie lemains anothei possible detec- 
tion method— analysis of samples of an 
foi radioactive fission products, such as 
weie detected in Indiana-manufactured 
stiawboard contaminated by pai tides 
horn the Alamogordo bomb (Scientific 
American, Octobei 1949). Studies of 
such samples migbl help to identify the 
fissionable mateiial used in the bomb 
If the site of the blast could be located 
by means of seismograph tnangulations 
and knowledge of the speed and diiec- 
tion of wands cai lying radioactive par- 
ticles, a rough estimate of the powei of 
the bill St might be made by comp ai mg 
the intensity of 1 adioactivity with similai 
long-range measurements from the New 
Mexico, Bikini and Emwetok tests But 
these aie all simply speculative possi- 
bilities, theie is no indication of how 
much information the U S actually has 
on the Sov'iet e.xplosion 

Electronic Printing 

F or some 60 yeais the basic macbiiie 
in modem punting has betm the lino- 
type, which piepares wiittcai maleiial ioi 
pimtmg by setting, or casting, it on 
metal type-slugs. Recently a new ma- 
chine which may leplace the linotype 
and theieby levolutioiiize printing tech- 
niques was given its fiist public exhibi- 
tion It IS an electiomc device that 
dispenses with type altogether: by an 
ingenious combination of electiicity and 
photo giaphy it pioduces printed lines on 
film fiom which engraved plates are 
made for the punting presses. It is 
claimed that the machine is four times 
as fast as the linotype and that eventually 
it will cut printing costs in half. 

Like the linotype, the new electronic 
machine is opeiated by a compositor at 
a keyboard. On a linotype machine, the 
operator pi esses the keys to lelease ma- 
trices, or molds, of the desiied letters, 
a moving belt cairies the matrices to an 
assembly box, and after they form a com- 
plete line, which the operator “justifies” 
by adjusting the spacing of the woids, 
he presses a lever to diop the matrices 
into a mold and a plunger presses molten 
lead against them to cast the line. The 
new electronic machine, on the othei 
hand, is almost enthely automatic. The 
operator simply sets a dial for the de- 
sired lengtla of the line and then com- 
poses the line by pressing the keys, 
arranged as on a standard typewiiter 
keyboard. When he presses a key, he 
creates a pattern of electi'ical impulses 
representing the character. These succes- 
sive signals collect in a storage or mem- 
ory unit using telephone-type relays like 
those in a calculating machine; the stor- 
age unit automatically counts up the 


28 




chaiacteis until they complete a line, 
justifies the line and then sends the set 
ol signals on to the next stage. There the 
signal loi each leltei Liiggeis a combined 
camcia and flashing stioboscopic light 
so that the camera at the coiiect momenl 
photographs the appropriate lettei from 
a synchionized spinning glass disk con- 
taining all the keyboaid characters. The 
finished line appeal s as a strip of de- 
veloped film. The entire piocess is com- 
pleted within five seconds As the 
opeiatoi types, the chaiacteis are also 
punted on ordinary typewriter papei, so 
he can see wliat he is composing and 
make coirections by 'Tubbing out” the 
wiong signals. When a full column ot 
lines IS set, the photograph is ready foi 
engraving 

The machine was demonstrated in 
Cambiidge, Mass., by the new Giaphic 
Alts Reseaich Foundation, whose work 
is suppoited by 139 newspapers, piint- 
mg firms and other mteiested groups. 
Based on designs developed dining the 
wai by two Fiench communications en- 
gineeis, Reno A. Higonnet and Louis 
Moyroud, the machine has been devel- 
oped to its present stage by Vannevar 
Bush and his associates at the Cainegic 
Institution, in collaboration with the two 
engmeeis. Because the printed film it 
pioduces must be converted into an en- 
graving to be usable on a printing press, 
the device thus fai is considcied practi- 
cal only for rotogravuie pi in ting and 
some iorms of lithography. Its applica- 
tion to letter-piess punting will depend 
on impiovements to reduce the cost of 
engraving. Commercial versions of the 
machine aie expected to be on the mar- 
ket within 18 months. Its developers say 
that it will compete m price with lino- 
type machines, which range from $5,000 
to $17,000. 

Climate and Houses 

A S eveiy meteoiologist knows, there is 
no such thing as an ''Ameiican cli- 
mate ” The climates of the vaiious re- 
gions of the U.S. lesemble those of 
places as diverse as New Zealand, Great 
Britain and Japan. Yet most U.S. fami- 
lies, to the chagrin of architects, cling 
stubbornly to a standard Ameiican archi- 
tecture. People insist on building th^ 
same Cape Cod cottages m Alabama, 
Kansas and California. 

To help introduce some climatological 
science into home-bmklmg, the editors 
of House Beautiful decided to put the 
existing technical infoimation on the sub- 
ject into palatable form for consumeis. 
For two years a staff of consultants un- 
der the direction of Paul Siple, militaiy 
geographer for the Army General Staff, 
has been analyzing facts on tlie chmates 
of 117 U.S. cities which were collected 
by the W.P.A., the U.S. Weather Bureau 
and the American Society of Heating 
and Ventilating Engineers. In tlie maga- 
zine’s October issue, and at a recent 



Sealed-beam Headlights 

— coated by vacuum 
evaporation 

— vacuum-exhausted 
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— vacuum-dried 


Vacuum belongs on the production Ime* already 
over 10,000 Kinney High Vacuum Pumps are 
working for Industry. Penicillin, titanium, elec- 
tronic tubes, coated mirrors, miracle drugs — 
these and many other of today's products de- 
pend on the low absolute pressures produced by 
reliable Kinney Pumps Whether you need a 
vacuum in inches or fractions of a micron^ you 
can count on a Kinney Pump. 8 single stage 
models and 2 compound models are available 
with capacities ranging froml3 to 702 cu. ft per 
min. Write for Bulletin V-45, 

KINNEY MANUFACTURING CO. 
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BUHl POCKET MICROSCOPE 


A beautifully designed instrument built 
to highest optical standards Easy draw- 
tube selection of 40 to 60-powcr magnifi- 
cation, valuable to physicists, chemists, 
botanists, biologists, metallurgists, geol- 
ogists, physicians, Inspectors, hobbyists 
and experimenters of all kinds 
Optical system has Huygens eyepiece, 
achromatic objective is corrected for 
spherical and chromatic aberration, giv- 
ing sharp, undistorted image throughout 
wide field Srnooth action fine-focusing 
ad|ustment by means of Knurled microm- 
eter ring Integral polished reflector; no 
special illumination or stand required. 
Finished in handsome satin chrome and 
supplied with fine leather pocket case 
for field use. Price — 8.50 postpaid 

BUHL TRIPLET MAGNIFIER 


For the man who appreciates the finest, this compact 
J4-power magnifier satisfies every requirement Aplan- 
atic cemented 3-eIement lens presents true, clear 
Image to every edge of field No distortion, no annoy- 
ing color fringes Solid brass 
lens cell folds into protec- 
tive case Durable chrome- 
plate finish Price— Sn .50 

postpaid 




Setid Check or Monos Order Today 
Money Eeturned if not Satisfied 

Desk C-nS 1009 Beech Avenue 
Pittsburgh 12, Pa. 

Wokers of Fine Optical lnsirun>enf$ 


FREE TRIAL 

MONEY BACK GUARANTEE 


folum in New Yoik City, Siple s gioup 
presented some of its findings and con- 
clusions. It pointed out that a home- 
hmlder should considei the “macrocli- 
mate” of the region, the “microclimate” 
of his plot and the “kryptoclimate” in- 
side the house itself. 

The experts explain how the seasonal 
amounts of rainfall, wind, humidity and 
sunshine and temperature ranges should 
deteimine the design of a house. In 
Columbus, Ohio, for example, the tem- 
peratm'e will be between 65 and 85 de- 
giees 28.1 pei cent of the year, which 
means that “28.1 per cent of ovei-all de- 
sign emphasis should be on open-door 
and outdoor living facilities.” As for 
microclimate, Helmut Landsberg of the 
Research and Development Board in 
Washington emphasized that the topog- 
raphy of the site may make a great dif- 
feience in sunlight and temperatiue; the 
position of the house in relation to the 
sun can increase or decrease the amount 
of heat it receives by 85 pei cent or 
more. Landsbeig’s own house, situated 
to minimize the summer heat of Wash- 
ington, lies in a depression where a pool 
of sinking cool air lowers the tempera- 
ture by as much as 10 degrees. The 
placing of hedges and other vegetation 
near the house also helps to control the 
microclimate. The kiyptocliinate in the 
house is controlled by proper use of in- 
sulation, windows, and so on. 

Home Beautiful has published analy- 
ses of the Columbus region and suburban 
New York, and plans to cover 14 more 
American cities and their environs by 
July, 1951. 


MILITARY TYPE 
BINOCULARS 



6x25 $26 75 

6x30 32.75 

6x30 Coated 39.50 

" 7x40 Coated 52.50 

7x50 Coated 52.50 

8x40 Coated 55.50 

10x50 Coated 65.00 


7x50— $44.00; 8x30—34.75, 10x50—55.00 

Slade under military supervi'sloii Ttii to cluiobc from' For 
♦op quahtj perlormance touiider thtst all-purpose 0 7, S 
10 POWEK PRISM binntailtvrs All liaie superb optics, 
lightweight metal bodies, individual fueusaing Moisture 
und proofed These brand new glasses tome complete 
with genuine leather, plush-lined ca'^e and straps Coated 
puce means entire optie system is precision coated. Superb 
buiotulars We send purdiaiers a 20 DAY FREE TRIAL 
WRITTEN GUARANTEE CERTIFICATE! Add 20<:c for 
Federal tax. 



Intyfirill hW coated optics! 

IDIilUuUIJIfflui Dynamic m power 
— - - — -M-J and range. At 1100 yards has sharp, clear 

iiMiiii lira __ field of fiO feet! Made under military 

, supervision Moisture-proofed . . Dust 
All metal cona^ctmn. Individaal eye focussing. Ad- 
for all eye v^d^J A compact, durable, all purpose 
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International Laboratories 

T he ill-supported and much-criti- 
cized United Nations Educational, 
Scientific and Cultuial Organization has 
proposed a dramatic gioup of projects 
for which it is about to seek approval 
from the UN. It seeks to establish a 
number of international research labora- 
toiies. A Committee of experts of 
UNESCO has chosen three piojects for 
“highest piiority^—an International Com- 
putation Center, an Institute for Neuro- 
physiology and an Institute of the Hu- 
man Sciences. Preliminary plans have 
been approved by the Committee on 
UNESCO of the U, S. National Research 
Council and by a gioup of advisers to 
the UN’s Economic and Social Council. 
“The next move,” says the NRC Com- 
mittee, “is up to the Economic and So- 
cial Council.” 

The group unanimously agreed that 
an International Computation Center, 
-equipped with modern mathematical 
machhies, was a great need m Europe; 
because of the high cost of such ma- 
chines continental European scientists 
have no computing laboratory. The cen- 
ter would be used not only in pure re- 
search but also in the study of statistical 
problems in" economics, population and 


agncullure The Institute for Neuio- 
physiology also was chosen to fill a need 
m a 1 datively uncoveied field. The pio- 
posed Institute of the Human Sciences is 
intended to spiead existing knowledge m 
the social sciences, and to conduct re- 
seaich on how to in ci ease the effective- 
ness of intei national cooperation, includ- 
ing that of the UN itself. 

Elements Renamed 

T he naming of chemical elements, 
like the naming of babies and break- 
fast ceieals, is governed moie by inspiia- 
tion than by logic. A new element is 
generally named by its discoveier, and 
he IS bound by no rules. Since the same 
element may be given dilferent names by 
independent discoverers, and even a um- 
vei sally acknowledged discoveiy may go 
by diffeieiit names m different counliies, 
a certain amount of confusion develops. 
The final authoiity for lesolvmg these 
confusions is the Commission on Inor- 
ganic Nomenclature of the Inteniational 
Union of Chemistry, Recently the Com- 
mission met in Amsterdam, with lepie- 
sentatives from 30 nations present, and 
made some official decisions. 

The one that will cause the gicatest 
readjustment in the English-speaking 
world is its renaming of tungsten, ele- 
ment 74, This commonly used metal is 
henceforth to be known in ihc U.S. and 
Biitain, as it already is n\ other coimtnes, 
as wolf 1 am, after the mineral wollramite, 
from which it was first separated. The 
name will now be consistent with the 
elements chemical symbol, W. 

The case of element 61, a raie earth, 
presented the Commission with a knotty 
pioblem. University of Illinois chemists, 
leportmg its discovery in 1926, named it 
“illinium.” Chemists at the University of 
Florence in Italy later claimed to have 
identified the substance more accuiate- 
ly, and they named it “floientnim.” In 
1941 workers at Ohio State University 
gave It still another name, “cyclonium,” 
alter the cyclotron with whose aid they 
claimed to have isolated it. Finally 
chemists at the Oak Ridge hot chemistry 
laboratoiy discovered a fission product 
which was identified beyond question as 
element 61, and they gave it a fourth 
iiame— “prometheum,” after the Greek 
god of fire. The Commission decided to 
accept this as the official name, but 
changed its spelling to “promethium.” 
Othei lulings of the Commission: 
Element 4, known both as beryllium 
and glucinium, is now officially beryl- 
lium. 

Element 41, called columbium in the 
U.S,, IS to be called niobium, in defer- 
ence to prevailing international usage. 

Element 43 is to be technetium, the 
older name, masurium, is dropped. 

Element 71 is to be lutetium instead of 
lutecium (it was named in 1907 after 
Lutetia, an ancient name for what is now 
Paris) . 
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Elcmeiil; 72 is officially confiimed as 
halnnim 

Element 8.^^, a natnially radioactiv'e 
sulistance, is to 1)(' known as astatine, 
lioin the Greek “astasia'* meaning iiii- 
stcadiuess, as suggested by Uinvei sity of 
Cahioinia chemists m 1940 

Element 87 is tranemm, lor Fiance, 
wlieie it was discoveicd in 1939 

Element 91 is protactinium instead o( 
piotoactinium 

Elements 98 to 96 aic ofEcially con- 
firmed as neptumum, plutonium, ameii- 
cium and cunum respectively. 

The Commission postponed loi deci- 
sion at a future meeting a pioposal that 
the names of certain \Nx41-known ele- 
ments be changed to agiee with their 
chemical symbols. It was pioposed that 
gold be called “am mm,” sodium “natii- 
um,” tin “stannum** and potassium “kali- 
iim.” 


Safer Injections 

T he injection of piotein fluids into the 
veins as a method of cmeigency 
feeding has lecently been widely adopt- 
ed as a life-saving measuie in many con- 
ditions— seveie bums, starvation, gasliic 
cancer, m piejiaration lor major surgciy, 
and so on. But piotein shots arc some- 
times dangeioiis; they may produce al- 
leigic leactions and seveie shock. This 
danger may lie avoided by injecting 
ammo acids, the building blocks of pio- 
teins, instead of the proteins themselves. 
The difficulty, howevei, is tliat an ammo 
acid is made up of two types of mole- 
cules, called “F* and “d,” and only the 
1-acids are desiiable. The chemical sepa- 
ration of l-molecules horn d-molecules is 
tiouhlesome and costly. 

Now it appeals that a gioup of bio- 
chemists at tlie National Cancer Institute 
of the Public ITealth Seivice have solved 
the problem. Then discoveiy was a by- 
pioducl of anotlier investigation. The 
gioup, headed by Jesse P, Grcenstcin, 
needed a laige supply of pure 1-acids foi 
a study of piotem metabolism m cancel. 
It occur! eel to them that they might be 
able to sepaiate the l-molecules from the 
d-molecules m amino acids by a biologi- 
cal technique using enzymes, which 
would be much simplei than the labori- 
ous chemical processes previously used. 
Digestive enzymes aie known to act only 
upon the l-molecules in amino acids. The 
investigatois mixed specially treated 
amino acids with animal tissues that con- 
tained enzymes. Aitei allowing time foi 
tlic enzymatic reactions to take place, 
they were able to extract puio 1-acids 
with alcohol. By this method they have 
separated the l-molecules m 16 amino 
acids. 

The process greatly i educes the cost 
of producing the 1-acids and for the first 
time makes it practicable to use them in 
inttavenous feeding. For example, a gram 
of l-methionine, which formerly cost 
$6.50, can now be made for 30 cents. 




FOTO-FLO MODEL C 

PHOTO-COPYING MACHINE 
New/ Speedier! More Economical! 

Makes 3 (I8"x24") 
Prints a Minute 

of anything written ^ printed, drawn 
or photographed 

DAYLIGHT OPERATION 
NO DARKROOM REQUIRED 

If your business needs copies of plans, charts, blue- 
prints, payrolls, contracts, correspondence, photos, clip- 
pings, etc. FOTO-FLO wil/ pay for itse/f many fimes over 
in time, money ond man power saved I 

FOTO'FtO produces exact, error-proof photocopies in 
any quantity, in actual, enlarged or reduced size. Manu- 
facturers, banks, insurance companies, newspapers, de- 
partment stores, universities, government departments and 
others will find it invaluable NEEDS NO DARKROOM. 
Easy to install. Anyone can learn to operate FOTO-FLO. 
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Indecision is de- 
plorable, but 
sometimes a light 
ray must go two 
ways at the same 
time! 




If some of your light 
rays are faced with 
this problem, it will 
pay you to investi- 
gate our semi-trans- 
parent DUOLUX 
mirrors. 


They are nofed for theii hardness, perma- 
nence, and high optical efficiency 

Made by Evaporated of Ithaca. 

Since 1935 — The Pioneer in 
First-Surface Mirrors. 
free descriptive totder on request. 
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SPANISH 

FRENCH 

GERMAN 

ITALIAN 


You Start to Speak a 
Foreign Language Correctly 
in Only 7 Days! 

In your home, or at your office* you can 
easily learn Spanish, French, German or 
Italian correctly, inexpensively— and in an 
amazingly short time! Now the new 

LANGUAGE PHONE METHOD 

with btand-new electrically transcribed un- 
breakable records brings you the actual 
voice of expert language 
teacheis speaking in their 
native tongue You learn as 
fast as you wish, repeat 
lessons as often as you need 
. . your teacher is always 
there to instruct vou, your 
manuals always there to 
help you. Send today for 
“^FREE free booklet explaining 
\BD0K Language Phone Method, 
' easy-payment terms and 7 

days* free trial offer. 

MAIL THIS COUPON 



.VflTTW . - 
.rlddrm. 
Cit]/ . . . 
State , 


Funk & Wagnalls Company 
Dept, SA-1149, Foreign Languages 
153 E. 24fh Street, New York 10, N. Y, 

Please send FREK 24-paBe booklet about your 
easy method ollearniug ( )Si>auiah. ( ) French. 
( ) German, ( ) Italian, and tell mo how I 
may obtain a complete Language Phone kit 
lor seven days' free tilal 


31 


came from the 200-inch on J an- 
naxy 26, It is a 15-minute exposure of NGC (an aObbrevia- 
tion of ISew G«eral Catalogue) 2261 made under poor- 


seeing conditions. NGC 2261 is a comet-shapcd mass of 
gas illuminated by a star at its apex. It is in otir 
o^vn galaxy at a distance of a few thousand light-years. 
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Presenting a portfolio oj noteivorthy plates made 
with the 200-inch mirror before it was dismounted 
from the Hale telescope for its final retouching 


by Edwin P. Hiihhle 


T he fiist photogiaphs made with the 
20()-inch Hale telescope on Palomai 
confiimod the most optimistic pie- 
dictions of its designers. They recorded 
nebulae at least loui times as faint, and 
lienee twice as far away, as had ever been 
photographed before. This early result 
was bctlei than we had any light to ex- 
pect, because tlie photographs wcic 
made at a time when fuilher woik still 
had to be done to bring out the lull 
power oi the mirror. When the niiiror is 
adjusted to its maximum clBcicncy, its 
range should surpass all advance expec- 
tations. 

The 200-mch miiror, which weighs 
about 15 tons, must be supported so that 
it can be lipped from horizontal to verti- 
cal without sagging enough to distort the 
figure, or cuive of the mirroi-iacc, ap- 
preciably. Because the tolerances aie 
measured in fractions of wavelengths of 
light, the adjustments are a tedious busi- 
ness, and they proceed moie and more 
slowly as perfection is approached. The 
ultimate goal is to concentrate the light 
from a star in a circle at the focus of 
the mirror less than .002 inch in diame- 
ter (compaiable with the resolution of 
fast photographic emulsions) regixrdless 
of how the mirror is tilted. At the start 
the images were about 10 times the 


desired size, j,e , the resolution was only 
one tenth as sharp as our goal. 

T he ehectiveness of a telescope de- 
pends on two qualities: its light- 
gathering power and its resolution. The 
first obvious adjustments brought the 
2(){)-mch to its full light-gathering pow- 
ei . At tliat stage the telescope could have 
been used efficiently for any research 
woik that did not le quire fine definition, 
Fuithei adjustments soon i educed the 
optical images to the limit of resolution 
on nights of poor ''seeing,'' that is, when 
the twinkling and dancing of stars is so 
great that, magnified by the telescope, 
they produce large images on the photo- 
graphic plate. By the end of 1948 still 
Jiirther adjustments had leflned the op- 
tical images to the point where they weie 
only about twice the desired size, and 
the telescope was considered to be ready 
for work under aveiage seeing condi- 
tions. It then became obvious that to 
make further progress, so the telescope 
would be sharp enough to take advan- 
tage of the very finest seeing conditions, 
would requiie a major operation on the 
mirror. 

The trouble was in the figure of the 
mirror. The outermost 18-inch zone was 
too high by a few millionths of an inch, 


and it could not easily be lienl into shujie 
by the supporting mechanism. So it was 
decided to ‘retouch,” that is, to rub down 
the offending zone. For this work the 
mirror was dismounted and laid on the 
flooi of the dome and its aluminum re- 
flecting coat was removed The i ubbiug 
had to pioceed very cautiously in ordei 
to avoid undercutting the proper figure. 
Each two-hour session ot nilibing was 
followed by two weeks of testing on tlic 
telescope. This job, wliicli began last 
May, has now been completed, and the 
telescope will again be readv foi use this 
fall. 

Before this operation was performed, 
some 60 photogiaphs weie made to re- 
cord the perfoimance of the telescope as 
it was at the time. It is these photo- 
graphs, the fiist to be made under noi- 
mal observing conditions, that constitute 
the product of the 20()-iiich to date. 
About half a dozen of them represent the 
full power of the telescope under average 
seeing conditions. Some of the most sig- 
nificant photographs are shown on these 
pages. 

The first photograph with the 200- 
mch {opposite pcige) was made on Janu- 
ary 26, 1949. It was a l5-minute ex- 
posure under poor seeing conditions of 
the galactic nebula NGC 2261. This ex- 
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SPIRAL NEBUI^ was photographed hy the 200-inch 
telescope on April 26, shortly before theLrror wa^^e 
moved and xts outer 18 inches rubbed down. The nebX 


4S??w?v fro™ “ liglit- 

S So, r IT 200- 

men mirroi js able to resolve a few of the brightest 
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posuio was inadc meiclv as a prcliminaiy 
tiial of opeiatknis and mechanisms in- 
volved in woikiug m the piirne-tociis 
cage—a six-foot ban el susjocnded in the 
top of the telescope tube, directly ovei 
the center of the main mirror. Everything 
worked perfectly, but the images weic 
so lai ge, due to the poor seeing, that the 
plate has no gieat scientific value. It will 
be picscived largely for sentimental 
reasons. 

The following night, with seeing im- 
proved but still below average, scveial 
series of shoit exposuies were made with 
different apeitures to study the star im- 
ages. There were also a few longer ex- 
posures of well-known nebulae, made to 
determine the maximum exposuie possi- 
ble without too great interference Irom 
the faint luminosity of the sky back- 
ground. The limit with full aperture, 
using the very sensitive Eastman Kodak 
emulsion I03-a-0, was found to be about 
one hour. Longer exposures would mere- 
ly fog the plates without legistenng any 
lainter objects, 

W ITH these preliminary tests com- 
pleted, the observer settled down 
to wait for better weather, januaiy was 
a stormy month. He had waited a week 
for the first plates, and the clouds had 
closed ill once more. Four days later, 
January SI, the oppoitunity came. The 
night was clear. Although the seeing ^vas 
poor at the start, it improved steadily, 
and dining the last three hours licfore 
dawn it could be rated as average. The 
critical tests were made during these 
hours. ^ 

Selected Aiea No 57, a random sam- 
ple of the sky in Coma Berenices, near 
the pole of the Milky Way, had been 
chosen as a suitable test field. It bad 
been thoroughly studied beforehand, 
and acciuate measures of apparent 
brightness had been established foi a 
sequence of increasingly faint stars, 
reaching to the limits of the 100-inch re- 
flector on Mount Wilson, the largest tele- 
scope theretofore in operation. On this 
night, as in the preliminary test, short 
exposiues were made with difirerent 
apertures, and another set was made 
with increasing exposuie times at the full 
aperture. 

It was found that with apertures up 
to 160 inches, the faint-star images were 
as small as the seeing permitted, but with 
full aperture they were perceptibly 
larger (about .003 inch). This degree of 
spieading of images was expected; it was 
accounted for by the imperfect edge of 
the mirror, and it will be corrected by the 
retouching of the mirror that has just 
been completed. 

The most welcome result of the fest 
was the faintness of the stars recorded 
on the plates. The faintest stars that the 
100-inch telescope had been able to re- 
cord with the longest possible exposures 
were registered by the 200-inch after 


SPIRAL NEBULA was photographed by the 
200-inch on Apra 27. It is NGG 3359, a stdl^ syst^ 
about SIX imihon light-years away. Here, as in the /hoto- 


graph on the preceding two pages, the 200-inch mirror 
has resolved a few individual stars. These may now be 
compared with the brightest stars in our own galaxy. 
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EARLY-TYPE spiral nebula was photo<xraohed 

® about fivemillion 

bght-years away. Nebulae of this type do not Sntain 


snfralf TT T late-type 

spirals. Thus the brightest stars in this nebula are not 

lesolved. Original plate has been magnified 17.5 times. 
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exposuie ol: only to si\ minutes In 
a hiil exposure of 60 minutes, the 200- 
mch accumulated 10 to 12 times as mucli 
li 2 ;ht as in the shoiter exposuies. This 
does not mean that it could reach stars 
10 to 12 times fainter, for the nature of 
photogiaphic piocesses limits the rate of 
image-makmg. It did, howevei, leach 
stars wdiich are estimated to be at least 
foui times fainter than the exti'eme limit 
of the 100-mch. This achievement, which 
represents the ratio of the light-gathering 
power of the 200-mch to the 100-inch, 
was all that had been expected, even 
with the best definition. Evidently our 
piedictions had been overcautious, for 
the 200-inch will eventually do much 
better than this. With a clean minor ( the 
tests were made with a rather grimy 
coat) and the correction of the miiTOr 
that we have smce made, it should be 
possible to reach stars perhaps 20 per 
cent fainter than those recorded m last 
Januaiy s test. In astionomical language, 
tlie 200-inch should reach and possibly 
sui'pass the 2ord photographic magni- 
tude— stais more than 600 million times 
fainter than the faintest that can be seen 
with the naked eye. 

E ^’EN hi ORE impressive than the 
faint stars on the photographs were 
the faint nebulae. These nebulae are 
great stellar systems, similar to our own 
system of the Milk)' Way. They are scat- 
tered thmly through the universe out as 
fai' as telescopes can reach. With long 
exposures the 200 -inch legisters many 
more nebulae than stais— evidence that 
tlie gieat telescope bleaks clean away 
from our o\vn stellai system and ranges 
through the x’eiy depths of space. The 
faintest nebulae recorded appear as 
ghostly spots only a little largei than the 
images of stars. Twice as fai aw^ay as any 
identified with the lOO-mcli, most of the 
tlireshold objects presumably are aver- 
age stellar systems at distances of the 
order of a thousand million light-yeais 
from us. Some perhaps are giant systems 
even more remote; a few may be dwarf 
systems closer to us. All of them are in- 
habitants of space beyond the reach of 
the 100-inch— space hitherto unexplored. 

Our photographing with the 200-inch 
continued through April The later pho- 
tographs confirmed, in a general way, 
the results of the first critical tests. The 
tests show quite clearly that the 200-inch 
opens to exploration a volume of space 
about eight times gi*eater than that pre- 
viously accessible for study. The region 
of space that we can now observe is so 
substantial that it may be a fair sample 
of the universe as a whole. 


Edwin F, Bubble h As- 
tronomer and Chairman 
of the Besearch CommU- 
fee at the Mount WUson 
and Falomar Observatoxies, 



GREATEST PENETRATION OF SPACE was achieved by tbe 200-inch 
telescope on Jannaiy 31. This plate shows Selected Area No. 57, a random 
sample of the sky in the constellation Coma Berenices. It is a OO-minnte 


38 


exposure representing tlie maximum power of the tele- 
scope under average seeing conditions^ The plate shows 
a few stars and many nebulae. The latter appear as 


the smaller fuzzy spots. These nebulae are full-scale 
stellar systems. The faintest of them are at distances that 
average approximately a thousand billion light-years. 
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Being an account of the author's call upon the group 
of noted physicists at the universities of Manchester 
and Birmingham. Second in a series of three articles 


by Leopold Infeld 

I N DUBLIN the sky had been blue, and the author of a much-discussed book To me it seems that Blackett’s 'lack of 

the air clear, the "grass gieen, the on the strategic consequences of atomic objectivity,” if such a phrase has mean- 

waters sparkling. But two hours energy. mg heie, stems from another souice. He 

later, when we circled over London, sky, Blackett’s book is veiy well wiitten, loves Europe, with its mosaic of nalion- 
aii and city were as gray as the problems and I am sure that no one who leads it ahties, diversity of culture, and beauty 
of England. ' doubt the authors sinceiity. Some of aichitecture. When Blackett gels to 

I had first seen this monstrously large of the reviews of the book, although talking on this subject, one senses that 

city some 15 years before when I arrived written by fiist-class physicists, weie he feels an individual pain and horroi 

to spend two years at Cambridge. Lon- touched with venom, and were not ar- tor the ruin of each beautiful and ancient 

don then had seemed to me magnificent- gued on that detached plane of reason building that was destroyed by mdis- 

ly rich, though brooding and somewhat on which people incoiiectly imagine eliminate bombing in the late wai. No 

faceless. This time the impiession of that scientists always operate. One of the doubt these emotions color Blackett’s ai- 

wealth was gone. London was shabby, reasons foi the violent differences over gumenls. Who can be free ol them when 

its houses in need of paint, its inhabi- the book is, of course, that Blackett’s he contemplates the question of wai 

tants in need of a tasty meal, its hotels militaiy arguments cannot be conclusive- and peace? 

in need of soap and towels But, to use ly proved or disproved except by actual Blackett and Rosenfcld asked me to 
a platitude, eveiy thing IS relative. After test in wai. Blackett himself is awaic that visit the Umvcisily ol Maneliestei and 

a tliree-dav stay in England I went on hisaigumeiit that the atomic bomb is not lecluic at its ihcoietical physics seminar 

to Poland. When I returned foul weeks a decisive weapon does not take into ac- on my return liom the Continent. I 

later from the ruined Continent, London count the possibility of the use of poison- gladly accepted the invitation, 

actually seemed blooming with opu- ous ladioactive gases which may piove 

lence. Compared with Berlin, Warsaw more deadly than atomic bombs. This A FTER a foui-week trip to Poland, I 
and Wroclaw, the effects of bombing on pait of the book and the discussion came back to England for a one- 

London appealed negligible. around it seem to me faiily meaningless, week stay before going home to Canada. 

Before I left for Warsaw, the Polish The histoiy of wars should have taught My fiist visit was to the University of 

Ambassador m London and his beautiful us by now that their lealities are always Bnmingham. I bought a fiist-class ticket 

wife gave a dmner party for me, to which different from the pi edictions of quarrel- from London to Birmingham. This 

they invited scientists. I was especially mg scientists and sti'ategists. Peihaps an turned out to he a mistake, as far as 

pleased and honored that the well- imaginative artist like H G. Wells has oppoitumties foi conveisation were con- 

known physicists P. M. S. Blackett and more chance of guessing right than a cerned. Em'opean tram compartments, 

Leon Rosenfeld accepted the invitation scientist. with seats facing each other, are made 

and came all the way from Manchester Aside from these debatable argu- for confessions. Passengers may unbur- 
to the dinner. I must admit that if I were ments, Blackett’s book contains some m- den themselves of iheir lile stoiies wilh- 
living in England and knew the quality teresting ideas and information, which out running the danger of le-encounter- 
of the Ambassador’s dinners, I too should should prove stimulating even to those ing them conlessois. On the Continent 
have accepted such an invitation, no who disagiee with the author. Most of conveisation is inevitable, but the British 
matter what bores 1 might meet. Before the leviews said that Blackett favoied are more leticent. Near me m the com- 
I went to England I had no idea that the Russian plan and opposed the paitment to Bmmingham sat two well- 
food could be so important. It is not so American plan for tlie conti*ol of atomic dressed gentlemen. They cairied on a 
much the scarcity of food tliat gets on energy. I did not find this in the book, desultory discussion, punctuated by 
one’s nerves as the tasteless way it is In fact, he has veiy warm words tor the puffs on their pipes and tremendous 
cooked and served. Every successive ''Acheson-Lilienthal” plan, as distin- sti'etches of silence. Dm mg the infre- 
meal becomes a new ordeal, incieasingly guished from the later “'Baruch” plan. quent breaks in these dead pauses, they 
difficult to face. One of my friends used Blackett contends that the original plan, leturned lepeatedly to a single theme: 
to say before the war that the English formulated by men of vision and ideal- the needs of the British Empire Their 
built an empiie because they were not ism, was taken out of their hands and diagnosis was that “we did not send the 
interested in good food or love-making used as a means of power politics. right kind of people to Canada and 

and had nothing else to do. Today both From our discussion at tlie dinner ta- Australia to build up trade,” and that 
empire and food seem to have deterio- ble, it was clear that Blackett still be- this situation must somehow be reme- 
rated in the same degree. (I don t know lieves eveiy word he wrote, and that his died. It was clear that they still regarded 
about the love-making.) critics have no more convinced him than Australia and Canada as colonies, and 

, ^ infor- he them. One spiteful remark often made only grudgmgly recognized that the U. S. 

niaL We ta^ed late into the night. I had about Blackett is that he is too far left of had ceased to be one. I felt a great urge 

never n^t Blackett, whose name has re- center to he objective— as though there to intervene in the conversation, but 

cenRy become known to the general were one precise, predetermined posi- since on an English train this would have 

pubhc as a winner of the Nobel prize tion from which objectivity is possible, been an unthinkable barbarism, I man- 
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a^cd lo leinain silent all the way to 
Birnnnghain. 

European cities can be bicalh-taking- 
ly beautiiiil Dublin, Cambiidgc, 

Cracow), but when a European town is 
ugly it is utterly so. Biiminghani is ugly. 
The University ol Biiminghani, though 
pleasantly situated on a bill, with a spa> 
cious, green campus, has the ugliest uni- 
versity buildings I have ever seen in my 
life. The inhabitants of Biimingham con- 
sole themselves by claiming that the 
University ol Manchester is still uglier. 
This IS not true. Biimingham's chief 
building is a led buck mosque with a 
tiemendous glass cupola, flanked on one 
side by thiec wings with cupolas ol dc- 
ci easing size, and on the othei by a 
single wing with one cupola. The oppoi- 
tiinity to complete the structuie and 
collect this lack ol symmetiy passed 
away with the Victorian era, lor no one 
would daie suggest building moie cupo- 
las now to round out tlic picture. Yet to 
leave the building unfinished is no solu- 
tion cither. The chance to destioy the 
building by bombs dining the war was 
missed, and I heard regicts on this score. 

Dominating the Biimingham campus 
is a huge led brick tower, also m bad 
taste. This ugly stiuctuie is called by 
physicists “the Poyntmg vectoi.” The 
lerm, well known to anyone who has 
studied the work ol the J9th-ceiituiy 
physicist ]amcs Clerk Maxwell, ie]-)re- 
sents a concept introduced liy the late 
lohn II, Poynling a famous professor of 
theoretical physics at Birmingham. 

The department ol theoretical physics, 
one of the world’s best, is housed in tem- 
porary wooden bariacks. It was lefiesh- 
111 g to find the emphasis placed on men 
and not on buildings. The reputation of 
the school of theoretical physics in Bir- 
mingham is due hugely to one man— 
Rudolf E. Peierls. He has a lare ability 
to stimulate others. A relatively young 
man of 42, he kindles his gioup by his 
ialks, lectures, arguments, cpiestions and 
ability to arrive quickly at tlie essence 
of a problem. 

From Peieils, a German relugce from 
Nazism, I learned some mteiesting de- 
tails about the British end of the atomic 
bomb pioject, in which he played a lead- 
ing lole, receiving m lecognition the 
awaid ol the Order of Commander of 
the BriUsh Empire. The idea of the 
atomic boml) was discussed by Peieils 
and Otto R. Frisch, another Geiman 
refugee, as early as the beginning of 
1940. Together with Sir [araes Chad- 
wick, the discoverer of the neutron^ they 
approached the British Government with 
the suggestion that the idea be studied. 
A Government-appointed Commission 
that included Blackett and G. P. Thom- 
son decided early in 1941 that such a 
project was feasible. On the basis of 
what Peierls told me, it appears that the 
British started actual work on the bomb 
proposal before the U, S. The British 





P. M. S. BLACKETT is professor of physics at the University of j\tmi- 
chcstcr. He has also taught in the Cavendish Lahoraloiy at Cambridge. 



LEON J. H. C. ROSENFELD, tlieoretical physicist at the University of 
Manchester, has done most of his work on the Continent. He is a Belgian. 
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and U S. projects did not meige until 
1943 

NowacLns too many people aie in- 
clined to lorget England’s great contri- 
butions to the knowledge of the atomic 
nucleus The golden age of atomic phys- 
ics in England, when Lord Rutherford 
was alive, seems to me to outshine any 
other in the histoi^ of expeiimental sci- 
ence. The pioneer woik done in this field 
at Manchester and latei at Cambridge 
formed tlie foundations for the spectacu- 
lar work of physicists in Noith America 
Every scientist knows this It would be 
well if ever\’one else, even Senators, re- 
membeied it. Although England today 
has neithei the wealth nor the human 
scientific stiength that has gathered in 
Ameiica, it still has gieat science and is 
ahead of us m the appreciation of it. 

Birmingham's department of experi- 
mental physics has two full professors. 
The senior man is white-haired Maicus 
L. E. Oliphant, 48, one of Lord Ruther- 
foid's most talented students. He is a 
key man in England’s experimental work 
on atomic physics. Unfortunately Eng- 
land will soon lose Oliphant, for he is 
returning m a year or two to his native 
Australia The huge pioton synchiotion 
under consti*uction in Birmingham, de- 
signed to accelerate protons to 1.5 bil- 
lion electron volts, is called “the wlute 
Oliphant.” When finished, it will be the 
biggest, most effective acceleiator in 
existence— provided it is completed be- 
fore some of the largei machines in the 
U. S , as seems likely. 

Our centuiy is witnessing a lace in 
atomic artillery which in the long lun 
will have more significance than the 
vulgar competition in building atomic 
bombs. This race is the physicists' effort 
to build faster and faster atomic projec- 
tiles that will peneti'ate deeper and deep- 
er into the nucleus, witlr tlie hope of 
finding out more and more about its 
structure and tlie forces that bind it to- 
gether. “The white Oliphant,” a colos- 
sal doughnut-shaped metal structure, is 
the latest word in the race so far, but no 
doubt It will soon become antiquated. At 
Brookhaven National Laboratory on 
Long Island and at the Umversit\f of 
California, still moie powerful proton 
synchrotrons, of three billion and six 
billion electron volts respectively, are 
being built. The one at Birmingham, 
however, seems to be further along in its 
construction. The physicists' atomic artil- 
ler\' not only is becoming more powerful, 
it also is growing in numbers, populating 
more and more physics departments and 
other laboratories throughout the world. 
Indeed, the fever of this “armament'* 
race has created a danger that the ma- 
chine will become a goal in itself, raflier 
tlian a mevins of solving problems. 

At Birmingham the theoretical and ex- 
perimental work is focused on nuclear 
physics. Yet everything is open to m- 
speetion. There is. no secret work.on the 


campus. Indeed, nowheie in England’s 
umveisities did 1 see guaids watching 
ovei expeiimental laboi atones. 

F rom Bumingham I went to Man- 
chester. I shall always regret that I 
spent such a short time there. The Um- 
veisity of Manchester, like Biimmgham, 
is situated m an ugly city. Its English 
Gothic walls are black with grime. Yet 
its distinction somehow shines thiough 
its external shabbiness. 

It IS impossible to describe briefly a 
physics laboratory that deals with as 
many pioblems as Manchester's Black- 
ett decided to conceiitiate our tour of 
the laboratories on the work in cosmic 
rays, for which Manchester is most fa- 
mous. We climbed the high, elevator- 
less building by fiie escapes to its flat 
roof, wheie some cosmic-ray experi- 
ments, using 14 Geiger counters, were in 
progress The laboratory's equipment 
makes so many cosmic-iay photographs 
each day that a staff of specially tixuned 
gii'ls IS employed to analyze them. 

In cosmic lays, natui*e grudgingly pro- 
vides us with a little information about 
the most elementaiy and powerful forces 
of the univeise. These high-poweied 
natuial projectiles tell us something 
about the creation and death of mattei 
The hope in building powerful acceleia- 
tois in the laboi atory is that we shall be 
able to pioduce some of naUire's effects 
at will. I say some of them, because 
many of its phenomena demand eiieigies 
which we cannot even dream of repio- 
ducing with oui pi ojec tiles. The ma- 
chines we aie building at great e.xpense 
are as childi'en's toys compared with the 
forces that play in space. 

I do not believe that experimental 
work alone will add much to our under- 
standing of thesfe forces. The histoiy of 
science teaches us that gieat progress is 
usually achieved by iiiiSpiied guesses, by 
the formulation of theories by which 
known facts can be explained and new 
ones can be piedicted. A good theory is 
a guide through the unknown. In the 
case of cosmic rays, we still lack the 
illuminating flash of a good theory. All 
great theories of the past were built upon 
a few known facts. About cosmic rays 
we seem to know not too few, but too 
many facts. Without a theory, we cannot 
separate tlie important facts from the 
accidental ones. 

All tins suggests the difficulty of the 
problems with which Blackett and his 
group are grappling. Much of Blackett's 
scientific woik has bioad appeal not only 
to scientists but also to laymen. This is 
because he is interested in fundamental 
problems, . 

Blackett is known, among other things, 
as a co-discoverei\ of the positron. This 
elementary particle, equal in mass and 
opposite in charge to tlie electron, is the 
child of a lawful maniage between the 
quantum and - relativity theories. The 


possibility ol its existence was foieseen 
by the Cambiidge physicist P. A. M. 
Diiac some yeais before it was actually 
observed. It was discoveied in 1933 al- 
most simiilUineously and independently 
by Call D Andeison at the California 
Institute of Technology, by C. Street 
and E. C. Stevenson at Plaivard Univer- 
sity, by Blackett and G. P. S. Occhialiiii 
at Cambridge Umveisity, and by Frede- 
ric and Irene Johot-Cune in Paris. 

Dining the last thiee yeais Blackett 
has been working on another project 
which has evoked general mteiest all 
over the world— a new theory about the 
magnetic field of the earth. Blackett’s 
theory (oi, rathei, guess) is rejected by 
many physicists; I must admit that I be- 
long to the nonbelieveis. If it should turn 
out to be correct, howevei , it will be one 
of the most fundamental discoveries of 
this centmy. 

No one has evei suggested a satisfac- 
toiy theoiy to explain the earth’s mag- 
netism. Blackett’s idea is that it is due 
to the earth’s rotation. He holds that all 
bodies of mattei produce a magnetic 
field when they lotate. It has been 
shown, of couise, that a spinning par- 
ticle in an atom has a “magnetic mo- 
ment." Blackett has written an equation 
which slates that the poles of the mag- 
netic field of a massive lotating body 
must lie on the axis ol rotation. (This i.s 
almost so in the case ol the earth, but 
the geographic and magnetic poles do 
not quite coincide.) liis equation also 
declares that the “magnetic moment” 
chai actcnzing the magnetic field is pio- 
poitional to the “angular moment’' chai- 
acterizing the rotation of the body. Just 
why lotational eneigy is connected with 
magnetic force is not, however, ex- 
plained. Blackett writes: “An explana- 
tion of this phenomenon must be sought 
in a new fundamental property of matter 
not contained in the structure of present- 
day physical theoiy.” 

The physicists' skepticism of Blackett’s 
theoiy deiives m part from the fact that 
the experimental evidence he himself 
cites leaves some doubt as to the general 
validity of his equation. Plaiokl D. Bab- 
cock’s beautiful expeiimental work at 
Mount Wilson Observatory shows that 
there are stais with a periodically chang- 
ing magnetic field. The axis connecting 
tlie magnetic poles seems to change, 
whereas the axis aiound which the star 
rotates apparently does not change, 
\idiich contradicts Blackett's view that 
the two axes must coincide. Moreover, 
the U. S. physicist Walter Elsasser and 
the British geophysicist Edward G. Bul- 
lard have recently suggested theories 
which indicate at least the possibility of 
another explanation of terrestrial mag- 
netism that would be consistent with the 
known laws of physics. 

Blackett's theory might be tested by a 
crucial experiment which in principle 
would be" very simple— construct a mas- 
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sivc spheie and then cause it to rotate 
As it licgms to rotate, a magnetic field 
should appear Foi both technical and 
iheoielical leasons, bowevei, such an ex- 
periment would be very ddFicull to pci- 
ioim II it sliould prove to be feasible, 
then Blackett, with his gieat skill in pie- 
cision cxpeiiments, is the man to do it. 
He has lound the pioblcm of the earth’s 
magnetism altogether lascinating, and he 
has alicady done some experimental 
work at Manehestei on certain aspects oi 
it, such as the mcasuiement ol the varia- 
tion oi the eaith’s magnetic field with 
depth 

Theie aie othei univcisities m Gicat 
Biitam wheie unpoitant work is going 
on in physics— Biistol, Liveipool, Edin- 
burgh, Cambridge, Oxfoid. With le- 
markable devotion to the long view, the 
Biitish Goveinment has not extended 
its austcuty progiam to science It has 
provided adecpiate means for research 
and recently laised the salaiies of uni- 
versity peisonncl. I found an equal ap- 
pieciatioii oi science in li eland and 
Poland, the other European countiics 
that I visited. 

When I anived in London iioin Mau- 
chestei to ily home, 1 found that I had 
made a mistake; my plane was not to 
take oil until the next day, I used the 
extia day of grace to diive down to 
Cambridge, wlieic I had once spent two 
thiilling yeais, I still think Camlnidge is 
the most wondcnfnl place in the world 
Though England has changed, looks 
shabby, pooi and dcpiessed, Cambridge 
lemains the same glorious town. The col- 
leges, Tiinity College court, the bridges, 
the willow tiecs bending ovei the nairow 
rivei— all these appear as beautiiul as 
ever. Even the people seem the same. 
Though faces have changed, the new- 
comeis talk and behave according to 
eteinal Cantabrigian rules. 

Tiiie enough, the Cavendish Laboia- 
tory is not piecisely as it was 15 years 
ago. Cavendish then seemed the center 
of the univcise. It was tlie golden flower 
of the golden age of physics m England. 
Thoie in one lectin c room one could 
meet Loid Rutherford, J. | Thomson, 
Francis W. Aston, Charles T. R. Wilson, 
J. D. Cockcioft, Peter Kapitza, Max 
Born, R, H. Fowler, Blackett, Chadwick, 
Dirac, Oiiphant and others whose names 
will long endure in the history of physics. 
Some are dead; others have moved to 
other universities to become leadeis of 
their own schools of research. Yet even 
these great changes seem but small fluc- 
tuations on the Olympian face of this 
imperishable institution. It is good to 
know tliat in this changing world there 
is an invariant j^oint— Cambiidge. 


Leopold Infeld is professor of ap- 
plied mathematics at the Universiti/ 
of Toronto and author, with Albert 
Einstein, of The Evolution of Physics. 
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Fluorocarbons 

Tbe marriage of carbon and the reactive 
gas flnorine has resulted in a whole new 
family of stable and promising compounds 


by J. H. Simons 


T he word fluorocarbons, which 
made a quiet entrance into the 
vocabulary of science about a dec- 
ade ago, has recently been leceivmg 
more lively attention, and it appeals that 
the frequency of its use will increase 
lapidly m the near future. It is the name 
foi an entirely new domain of chem- 
ishT. It stands not merely for a new kind 
of laboratory cm'iosity but for millions 
of new substances, many of gi'eat utili- 
tarian value. These substances aie not 
found in natm*e, they ai*e in the fullest 
sense a creation of modern chemical 
technology. Unknown to the ancients 
and unobtainable from nature’s stoie- 
houses, the fluorocaibons appear to be 
sometlimg new under the sun. 

The fluoiocaibons are chemical broth- 
ers of the hvdiocaibons, the immensely 
important class of substances that fuels 
oui- civihzation. The hydrocarbons are 
compounds of carbon and hydrogen, the 
fluorocarbons, of caibon and fluorine. 
The fluorocarbon molecules m general 
have tlie same architecture as the coiTe- 
spondmg hydrocai*bons, the only differ- 
ence being tliat fiuorme atoms instead 
of hydrogen atoms are used in their con- 
struction. Thus the fluorocarbons have 
some superflcial resemblances to tbe hy- 
drocarbons. There the similarity ends In 
reactivity, stability and many other fun- 
damental chemical properties the two 
classes of substances are vastly diffeient. 

Let us consider briefly how the con- 
trasting properties of hydrogen and 
fluorine account for these differences. 
All chemical elements ai*e diwded 
roughly into two general classes. 1) those 
that readily react with ox)"gen, or react 
with acids to produce hydrogen, and 
2) those that readily react with hydro- 
gen. Hydrogen and carbon belong to the 
first class, they bum, or react with oxy- 
gen, qinte readily, die former fonning 
water and the iafter carbon dioxide. 
Tliis class of elements is called electro- 
positive. The element fluorine^ on die 
other hand, belongs to the second class, 
called electronegative; it reacts very 
readily with hy&o^n, (Other typical 


elements in this class are oxygen and 
chlorine.) Fluoiine is the most electro- 
negative substance known, and the most 
chemically i ©active gas. It sets fire to 
wood, paper, cloth and othei similar 
materials at lOom temp ei at me. It even 
leacts with water, and without much 
provocation will set fiie to most of the 
metals. It reacts with glass, poicelain and 
most rocks. A yellow- greenish gas with 
a lather pungent odor, it is dangerous to 
touch 01 inhale. 

Obviously the combinations of hydro- 
gen and of fiuorme with carbon must 
result in substances of vastly difleient 
natuie. We would expect hydiogen and 
cai'bon, two electi'opositive elements, to 
form a highly combustible product, and 
of comse they do. In the combination of 
extiemely electronegative fluorine with 
electropositive caibon we may be uncer- 
tain what to expect At fiist thought one 
might suppose that the fluorine com- 
pound would be highly reactive Actu- 
ally fluorine and carbon form a durable 
attachment which sti’ougly resists dis- 
luption. We might liken them to the op- 
posite sexes the two opposite substances 
have a sti'ong chemical affinity foi each 
other, and when then mutual affinities 
are satisfied by combination, there is 
little affinity left over with which to en- 
gage in further combination. So both 
carbon and fluorine, when joined in a 
fluoiocarboii, show little tendency to re- 
act with otlier substances. 

How do the fluorocarbons behave as 
a combmation? We can best appioach 
this question by considering tlie behavior 
of tlie familiar substances on which they 
are modeled— the hydiocarbons The lat- 
ter fonn much of tlie stuff of our every- 
day experience— gasohne, coal, lubricat- 
ing oil, rubber, moth balls, to mention 
only a few. Combined with other ele- 
ments, such as oxygen, sulfur and nitro- 
gen, they fomi the host of substances 
known as organic compounds. These 
ranges from u^atively simple molecules 
like alcohol, ether and acetic acid to 
wood, paper, wool, silk, cotton, nylon, 
dyestuff, paint, all of our foods and prac- 



MOLECULES of a hydrocarbon {at 
left) and a fluorocarbon {at right) 
indicate why the fluorocarbons resist 

tically all of oiu medicines. It was once 
thought that organic substances could 
be produced only by living organisms, 
but chemical technology has manulac- 
lured many organic materials that no liv- 
ing organism would lecognize as its 
pi oduct, 

We note at once that the hydrocar- 
bons and then deuvatives aie used 
almost exclusively for two purposes. 
1) fuel, which includes food, and 2) con- 
struction material. The fiist use depends 
on the combustibility of the compounds, 
the second on the structural properties 
of the element caibon. Unfortunately 
combustibility, either rapidly in fires or 
slowly in the foim of deteiioration and 
decay, is not a desirable property in con- 
struction materials. It is in this class of 
uses that the fluorocaibons are going to 
be of gieat value. They are ideal mate- 
lials of construction, for they combine 
tbe structural characteristics of caibon 
with the advantage of an exti’eme chemi- 
cal inertness. 

Fluorocarbons do not bum, corrode, 
mold oi decay. Neithei rodents nor in- 
sects nor fungi can find any nourishment 
in them. They may be used to make 
paints, lubricants, plastics, rubbei, cloth 
fibers, oils and solvents that defy fire 
and attack by organisms. The furniture, 
draperies and other decorations that 
make even a “fireproof’’ house or hotel a 
blazing stove when fire gets undei way 
can be as noncombustible as the exterior 
when they are made of fluorocarbons. 

Future * fluorocarbon “products may 
similarly improve youi automobile. 
When proper fluids aie prepared, it will 
have a sealed engine with fluorocarbon 
lubricants that need no replacement. The 
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combining with oilier su])staiiccs. In these liighly schc- which ai‘e .32 Ang&tioms. Surrounding them at right arc 
malic drawiniis llic carbon atoms are black. Surroiindinii fliioiine atoms, radii of whicli arc .64 A. Laiaer rtnorin(‘ 


them at left are hydrogen atoms, the 

liquid in the cooling system will also be 
a fluoiocarbon; no antilreeze will be nec- 
essary, and the radiator will never rust. 
The tires will last foi the hie o( the car. 
They will be made of (liiorocaibon elas- 
tomei which will not undergo tlio dc- 
teiioration ol slow oxidation. The cloth 
ol the seat covers will be firc-repclhng 
and dirt-repellmg. It will be made bril- 
liant with light, last colors, given per- 
manence by fluorocarbon raclicals in the 
molecules ol the dyes. The upholstery 
will be protected against fiie by means 
of fluoiocaibon compounds. If the car 
should somehow still catch fire, the ra- 
diator licpiid will be available as a fire 
exlmgmsher. Even the motor may under- 
go drastic changes one can imagine the 
internal combustion engine replaced by 
a high- temper atm e tuibine impelled by 
a dense stream of therm ally stable fluoro- 
carbon vapoi . 

T hese aie but a few of the possi- 
bilities inherent in this new class of 
materials. The fluorocarbons and their 
derivatives will be a branch of chemistry 
even larger than the hydrocarbons. The 
fluoiocaibon domain should not, how- 
ever, be confused with oigamc chemis- 
try, Its chemical properties, methods of 
synthesis and other important character- 
istics are entirely different. Fluorocarbon 
oxides, nitrides, bromides, iodides and 
other deiivatives have properties alto- 
gether unlike the analogous oiganic com- 
pounds. For one example, hydrocarbon 
peroxides are dangerously explosive, but 
fluorocarbon peroxides are not. 

Nevertheless the architecture of the 
fluorocarbon molecules so closely paral- 
lels that of organic compounds that it 


covaieiit radii of atoms shield ini 

is convenient Lo employ as much of the 
wcll-esiablished system of terminology 
loi naming the compounds us is possible. 
To distinguish the fluorocaibons fiom 
oiganic chemicals we simply insert the 
syllable ‘floi’' belore the ending of the 
oigamc name. For example, the fluoio- 
carbon coimterpait of the hydrocarbon 
methane (CH4) is called methforane 
(CF4). Other typical fliioiocarbon com- 
pounds are. ethforene, C2F4; ethforanc, 
CoFo; octfoiane, ChF]^; methforyl oxide, 
(CF.i)20, methforyl peroxide, (CFh) 2“ 
O2, fluoroxy methforane, CF3OF; meth- 
foryl nitrogen diflnoride, CF3NF2, bio- 
mopropforane, CiF^Br; butyrforic acid, 
C3F7CO0H; methforylcyclohexf oranc, 
CFaCoFu. 

As we have noted, in some physical 
propel ties the fluorocarbons are veiy 
similar to the analogous hycirocaibons, 
in otheis, very different. For example, 
the comparable compounds in both 
groups generally have roughly siniilai 
boiling and freezing points. On the other 
hand, they differ radically in suiface 
tension. The fluorocarbons have much 
lowei suiface tension, the lowest, in fact, 
of any class of substances. 

By way of illustration, let us compaie 
a parallel pair of compounds— the hydro- 
carbon pentane (051^12)5 found in 
petroleum, and the fluorocaibon pent- 
forane (C5Fi2)* Both have the same 
number of atoms and the same carbon 
skeleton s tincture. Both are clearly trans- 
parent mobile liquids that boil at prac- 
tically the same temperature, slightly 
above that of the ordinary room. Both 
freeze al approximately 200 degrees be- 
low zero Fahreiiheit. They have approxi- 
mately the same viscosity, and about the 


irual force field of llic fluorocariion. 

same amount of heat is leqimed to tians- 
loim an ecpial number ol molecules 
Irom the liquid to the gaseous .state. 
Both arc insoluble in watei, and ncitlici 
will conduct an clcctiic current. 

Notwithstanding all these similari- 
ties, one compound can easily be disliu- 
guished from the other. The pcntloranc 
molecule weighs nearly four times as 
much as the pentane. The surface ten- 
sion of pentfoiano is moic than 30 pci 
cent less than that of pentane. If two 
vials, one containing pentfoiaue and the 
other an equal volume of pentane, were 
placed side by side, there would be sev- 
eial ways of distinguishing them without 
even opening the vials. In the first place, 
the fluoiocaibon would be much heavier. 
In the second place, the pentane, due Lo 
its suiface tension, would have an ap- 
preciable meniscus, 01 ciiive, on its vSur- 
face where it touched the glass, while 
the suiface of the pentforane would 
appear flat almost to the very edge. On 
opening the vials you would immediately 
smell the difference: pentane has a sig- 
nificant odor, whereas pentfoiaae is 
piactically odorless. The pentane would 
catch fire readily and burn with a yellow 
and very sooty flame. The pentfoianc 
would refuse to burn; it conld, in fact, 
be used as a fire extinguisher. 

I N their chemical and thermal stability 
the fluoiocarbons are unique. Powei- 
ful chemical reagents, such as acids and 
bases, oxidizing and reducing agents, 
are without effect on them. What are the 
reasons for this tremendous resistance to 
chemical attack? To begin with, the un- 
derlying carbon skeleton is itself very 
resistant, as is apparent m carbon’s most 
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compact form, the dm able diamond. 
But obviously the caibon skeleton cannot 
account foi the great difference in dura- 
bility between the fluoiocaibons and the 
hvdrocaibons. The diffeience must de- 
rive from the difiFeiing sheaths of atoms 
sm rounding the skeleton. Part of the ex- 
planation lies in the conti-astmg eneigy 
situations m the two types of combina- 
tion. The decomposition of a fluoio- 
carbon, or separation of fluorine fiom 
caibon, recpires a considerable amount 
of energy, wheieas when a hvdiocaiboii 
decomposes it liheiates eneigy. In other 
words. It takes a great deal more energy 
to decompose a fluoiocaibon than a hy- 
drocarbon. Another leason foi the diffei- 
ence in stabilit}^ IS that hycliogeii atoms 
have a gieat tendency to leact oi com- 
bine with oxygen oi oxidizing agents, 
while fluorine atoms resist this type of 
reaction, paiticulaily when they are com- 
bined with elements such as caibon. 

These explanations, howevei, only 
partly account for the lefractory nature 
of the fluorocarbons. To explain it fully 
we must also examine the mechanism 
by which a chemical leaction starts The 
exact point of attack upon a molecule bv 
a leacting substance is probably not at 
one of the atoms of the molecule but 
rathei at the foice field that lies between 
the atoms. Because hydiogen atoms are 
\ ery small, the hydrogen-atom envelope 
of a liydiocarbon molecule does not 
shield the internal force field. On the 
other hand the lai ger fluorine atoms that 
envelop a fluorocarbon molecule appar- 
ently form a very effective shield against 
attack by an intruding molecule. \Iore- 
ovei, as we have seen, the fluorine atoms, 
when mmTied to carbon, show little 
tendency to combine further with other 
elements or to deseit carbon foi another 
partner. Thus the fluorine-atom envelope 
not only piotects the carbon skeleton but 
is itself resistant to attack. The heait of 
diamond is sheathed in the skin of an 
alligator. 

The fluorine slieatli covering the car- 
bon skeleton is so highly satisfied with 
its paitnership that it retains little attrac- 
tive force even foi substances of like 
kind. This is, of course, the reason for 
its low surface tension, since surface 
tension is a manifestation of the attrac- 
tion between molecules'' in a liquid. And 
because fluorocarbons show even less 
attraction for unlike substances than for 
their own kind, the fluorocarbon solid 
plastics made so far have defied all 
attempts to find adhesives that will stick 
to them. Even the baker's tacky dough 
does not adhere, so fluorocarbon plastic 
makes an ideal coating for dough boards, 
for which it is aheady in use. Such 
boards do not require flouring to pre- 
vent sticking- It is this property that 
leads to the expectation that articles made 
of fluorocarbons will be easy to clean. 

The great stability of the fluorocar- 
bons will eventually make it possible to 


synthesize even moie compounds in the 
fluoiocaibon domain than in the domain 
of 01 game chemistiy. Since chemists can 
now envasion about one million possible 
organic compounds, we can conseiva- 
tively estimate that theie will be at least 
that number of fluoiocarbons, Moie- 
over, molecules which are pait fluoio- 
caibon and pait oigamc can be con- 
stuicted, so the foieseeable compounds 
of the two combined systems number a 
million times a million. Considenng that 
most commercial substances are com- 
binations 01 mixtuies of compounds, the 
niimbei of possible useful mateiials fiom 
this airay of molecules is piactically 
limitless— many times a million million. 

W HY aie the fluoiocaibons such a 
late auival on the chemical scene^ 
The answer is easy: the pioductioii of 
fluorocarbons leqiiiies techiiicpies en- 
tirely difleieiit horn those used m odiei 
blanches of chemistry, and these tech- 
niques have only recently been discov- 
ered Early exp eiim enters tiled to make 
carbon- fluoune compounds by reacting 
caibon with gaseous fluorine, just as 
caibon oxides aie made by the leactioii 
of carbon and oxygen. But almost the 
only pioduct they w’cie able to obUiin 
was mcthloiane, and the expciimenls 
geneially ended in explosions. A little 
moie than a dozen yeais ago woikers in 
the Fluorine Laboratoiies at The Penn- 
sylvania State College found that the 
reaction could be controlled by means of 
suitable catalysts. With this knowledge 
they soon produced a large number of 
mteiesting new substances. These, natu- 
rally, were named fluorocarbons. 

The State College discoveiy burned 
out to be extiemely opportune. Soon 
aftei the atomic bomb project stai’ted 
eaily in Woild Wai II, chemists woi Ic- 
ing on the pioduction ot fissionable 
material found that they needed a sub- 
stance that could be mixed with uranium 
hexafluoiide without reacting with it. 
The first specifications called for a mate- 
rial that was veiy stable and possessed 
a boiling pomt and a molecular weight 
not too far away from those of uianium 
hexafluoride Only a fluorocarbon would 
meet these requirements Fortunately 
two cubic centimeters of a fluorocaiboii 
m the right boiling lange had been sepa- 
rated fiom the original preparations in 
the Fluorine Laboratories. The major 
constituent of this sample was heptfor- 
-ane. The sample was supplied for tests in 
1941. The atomic bomb workers found 
that it resisted the attack of the leactive 
uranium l:texafluoride, and so the new- 
born fluorocarbons were baptized as a 
mihtaiy material. For reasons of military 
security they were designated as 
Stuff/' 

Although the compounds first sup- 
plied met the initial specifications, chem- 
ists, like other people, are never satisfied 
with what they have. They always de- 


mand moie and hettei substances. Fluo- 
rocaibons with physical properties dil- 
leient from the oiiginal sample weie 
soon desiied foi lubricants, elastomers, 
gasket materials, valve packings and so 
on, especially foi the gaseous diffusion 
plant at Oak Ridge, which cycled uia- 
nium hexafluoride ihiough bairieis and 
pipes to sepal ate U-B35 Research teams 
ihioughoiit the country weie staited on 
the difficult task of making these com- 
pounds. That tlie}' succeeded is now 
known in the chemical profession, and 
tangibly attested by the existence of the 
Oak Ridge plant. 

Much technical knowledge was gained 
in the coiuse of this work, but most of 
the fluorocarbon piocesses used during 
the war aie too costly and difficult foi 
cornmeicial peacetime use The useful- 
ness of the fluorocaibons was demon- 
strated, but then cost was so high as to 
discouiage any consideration ot them 
foi ordinal y applications. We had leal- 
ized m the Fluorine Laboi atones even 
before the military uses ot Joe’s Stuff 
w'ere known that methods other than the 
original catalytic leaction between the 
elements would be necessaiy to pioduce 
fluoiocarbons oii a commercial scale. The 
catalytic pioccss, although iL has been 
improved and will piobably be com- 
meicuilly useful foi some pioducts, has 
an important shoiLcoming. it pioduccs 
u mixtuie oi many fluorocaibons in- 
stead of just the one desiied. Some le- 
seaich was done befoie the war on a 
supenoi method of production—the elec- 
ti*ochemical piocess This fundamental 
woik was halted by the wai, but it was 
lesumed immediately alteiward and the 
process was peifected. 

This piocess produces fluorocaibons 
at low tempeiatuies and without the 
necessity of using fluoime in its elemen- 
tal form. The product is obtained m one 
step horn available and inexpensive raw 
mateiials. The law materials aie hydro- 
gen fluoride and oiganic chemicals. 

The heart ot the apparatus is an elec- 
trochemical cell consisting of an iron 
container m which is suspended an elec- 
trode pack. This is made up of thin sheets 
of nickel suspended vertically parallel to 
one anothei and separated by a small 
fraction of an inch. Alternate sheets 
electrically connected form the anode 
and the cathode, much like the plates m 
a storage battery. Through a system of 
pipes the raw-matenal mixture of hydro- 
gen fiuoiide and organic chemical is fed 
into tlie cell. Somehow the flow of elec- 
tricity causes the fluorine in the fluoride 
to replace the hydrogen m the orgamc 
material, forming a fluoiocaibon, with 
the freed hydrogen from both the hydro- 
gen fluoride and the organic compound 
escaping as a gas, 

Just how and why this process works 
is still a mystery, but the important 
thing is that it does work, and in a highly 
efficient manner. The electrode pack 
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appaiently lasts almost indefinitely. A 
caibic loot oi: the pack pioduces some 
25 to 50 pounds of lluoj ocarbons per 
day, depending upon conditions. The 
cost of production is much less than by 
other pioccsscs, and by use ot the pioper 
law matciials many ol the lluoiocaibon 
dciivativcs can be obtained m one step 
and m good yield. A pilot plant employ- 
ing this electrochemical process has been 
in opeiabon in St. Paul, Minn., toi sev- 
cial years— long enough to demonstiatc 
the Icasibihty of the process lor laige- 
scale pioduction. Tins is highly encoin- 
agmg; it would be sad to whet man's 
appetite lor a host of dcsiiable products 
and then be unable to pioduce them. 

T PIERE is no ([lies lion of the abun- 
dance ol the law matciials. Caibon, 
as everyone knows, is sulficicntly [ilenti- 
lul. And Huoiine, accoiding to all esti- 
mates, is loughly as abundant as caibon. 
Fluoime-containmg minerals aic widely 
scattered over the caith’s siirlace; they 
aie found in practically every state ol 
the Union and piactically eveiy country. 
The majoi ore at present is lluorspai oi 
calcium lluoiidc, of which there are 
many small or impure deposits One ol 
the largest and best deposits is on the 
Illinois-Kentucky border. Another mm- 
exal containing considerable lluorine is 
the aluminum ore cryolite, chemically 
identified as sodmm aluminum lluoride. 
Sinallci propoi turns ol lluorine aic loiind 
m many other mineials. One is the plios- 
phate called a])atitc, which often con- 
tains from thiee to five pei cent liuorme. 
This material is mined chiefly foi phos- 
phoius lor fertilizer, and the fluoime in 
it at present is almost entirely discarded; 
in fact, some ot it escapes from the 
furnaces in the form of noxious com- 
pounds that devastate the landscape. In 
Florida, the principal apatite-minmg 
area, approximately a million pounds oi 
fluorine is rcmove<l from the grcuind 
every day, and most of it is used. Wo may 
note ill passing, foi the edification ol 
those who may be interested in the mys- 
tic significance ol words, that in the U. S. 
the largest reserve of fluorine is in Floii- 
da, and in Europe the deposits of apatite 
lie in Hungary. 

Whether or not high-grade ore ol one 
chemical formula is available m suffi- 
ciently large deposits is a matter for the 
experts to argue. The layman can be 
confident that il there is an ample supply 
of fluorine on the earth's surlace, tech- 
nology will find a way to make it avail- 
able lor use; and the one big predictable 
use for the element will be the fluoro- 
carbons and theii derivatives. 


/. H. Simons is professor 
of physical chemistry and 
director of the Fluorine 
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sylvania State College, 



LOW SURFACE TENSION of a fluorocarbon is illustrated by these three 
photographs. Vessel at left contains water; vessel in center, a hydrocarbon; 
vessel at right, a fluorocarbon. Inside each vessel is a capillary tube in 
whicli liquids rise according to their surface tension. Water rises high- 
est; the hydrocarbon rises less; the fluorocarbon rises almost not at all. 
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ON THE ATOM 


The remarkable insights of the Greek 
materialist philosopher are preserved 
in the writings of later commentators 


D emocritus, the gicutcst of the 

Gieek matenalisi philosophcis, 
was ]:>oin in the Thiacian town oi 
Abdeia early m the fitth century B C 
He was the son ot a rich man, and he 
spent his patrimony traveling in the East. 
His pimcipal contribution to philosophy 
was his development of the concept ot 
the atom, first proposed by Leucippus. 
He is said to have written 72 books, but 
none survives All that we know of him 
IS in the words of lalei philosopheis, who 
often admn ed him but usually clisagi eed 
with hini. A few exceipts fiom their de- 
scriptions ot his philosophy are given 
heie. They aie leprinted horn Selections 
from Earlij Greek Pliilosophij (ihiid edi- 
tion, 1947), by Milton C Nahm, with 
the kind permission ot Appleton-Cen- 
tury- Crofts, Inc 

Simplicius 



“A few notes fiom Aiis to tie’s On 
Democritus will clarify the thought ot 
these men. ‘Democritus considcis the 
eternal ob]ects to be small substances in- 
finite in niimbei For these he posits a 
place infimlc m magnitude, and he calls 
place by such names as void, notliing, 
and infinite, but each of the substances 
he calls, something, solid, and existent 
He thinks the sulis Lances aic so small 
that we cannot peiceive them, yet they 
have all soits of loims and shapes, and 
difiei dices m size. Accordingly horn 
these as from elements he genciates and 
combines visible objects and peiceptiblc 
masses And they aie disturbed and 
move in the void because of their dis- 
simiLuity and the other diffeiences men- 
tioned, and as they move they collide 
and become entangled in such a fashion 
as to be near to and touch each other 
However this does not in truth give rise 
to any one single nature, for it is alto- 
gether silly that two oi moi e things may 
ever become one The coheicnce up to a 
certain point of substances he explains 
by the gripping and intei mingling of the 
bodies, for some of them aie scalene in 
shape, some are baibed, some concave, 
some convex and otheis have countless 
otliei differences. Accordingly he thinks 
they cling to each other and cohere un- 
til some sti'ongei necessity Lorn the sm- 
roundings approaches, shakes and scat- 
ters them/ And he speaks of genesis and 
its contrary, separation, not only with 
refeience to animals, but to plants, and 
worlds, and, m general, all sensible 
bodies. If, therefore, genesis is the com- 
mmgling of atoms, and destruction is 
theii separation, then according to 
Democritus genesis is also the same as 
quahtative change.” (From de caelo.) 


“Deitiocritus the Abderite posited as 

rfcT?ivTrir'i>TT^TTc • j - 1 . principles the full and the void, of which 

UliMULKllUS IS depicted as a sad old man in an IStlvcentury engraving, he called the first Being and the second 
Most earlier representations showed him laughing. According to the second- Non-being. For positmg the atoms as the 
century Bithynian astronomer Hipparchus^ Democritus lived to be 109 * material things, they produce the 
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othei things by thcii diffeienccs And 
these aie ihice, propoition, impulsion, 
and airangemcnt, which is the same as 
saying shape, position, and oider. For 
the like is natiiially set in motion by the 
like, and the homogeneous is diawu to- 
gether, and each ol the sliapes when it is 
arranged into a dilfeient combination 
pioduces anothci design Consequently, 
since the elements are infinite, they could 
leasonably piomise to rcndei an account 
of all qualities and things, an account 
both of the cause and the piocess of any- 
thing’s generation.” (Fiom Commcntcinj 
on the Physics ) 

“Demociitus’ lollowois assert that all 
the atoms aic liomogcneous and have 
weight, but because some arc heavier, 
the lighter ones are tluust aside by the 
othei s as they fall and arc caiucd up- 
waids, and thus it is they say, that some 
things aie considered light and some 
heavy. The Demociitean gioup thinks 
that all things have weight, but since fiie 
lias less weight and is squeezed out by 
the things ahead of it, it is cariied up- 
ward, and loi this leason it appears light. 
And they consider that only what is 
Iieavy exists, and it is always in motion 
toward the ccntci . 1’he atoms necessarily 
liavo equal speeds when they move 
thiough the void which odeis no resis- 
tance For ncitlici will the [large andl 
heavy atoms move more (piickly than the 
small and light, wlien nothing olistructs 
them, nor will the small atoms, all of 
wdiich have commcnsui ate passageways, 
move more slowly than the huge ones 
when nothing lesists them eithei.” (From 
de caelo.) 

Alexander of Aphrodisias 

“Demociitus, theiefore, considering 
that [chemical] mixture’ so-called occurs 
by the juxtaposition ol bodies, which are 
divided into minute particles and pro- 
duce the inixtme by the positions of the 
particles alongside of each other, asserts 
that in truth things aie not mixed even 
in the beginning, but the apparent mix- 
ture IS a juxtaposition of bodies in mi- 
nute particles, preserving the proper na- 
Inie of each, which they had before the 
mixing. They seem to be mixed because 
on account of the smallness of the jux- 
taposed particles our senses cannot per- 
ceive any one of them by itself.” (From 
Meteorology. ) 

Plutarcli 

‘'For what does Demociitus say? Sub- 
stances infinite in number, indivisible, 
and different from each other, without 
qualities and unchanging, are scattered 
about and move in the void. When they 
approach each other or collide or be- 
come entangled, some of these aggrega- 
tions form water, some fire, some plants, 
and some men. But all things are really 


atoms Ol toims as he calls them, and be- 
sides tliesc nothing exists. For thei'e is 
no generation from non-bcing nor can 
thcie he any generation from things 
winch exist because the atoms on ac- 
count of theii solidity neither change noi 
suffer any impiession.” (Fiom Lives ) 

Galen 

“ ‘For by convention coloi exists, by 
convention bittei, by convention sweet, 
but in leality atoms and void,’ says 
Democritus, believing that from the con- 
junction of atoms all sensible qualities 
come into being foi us who peiceive 
them, but by naluie nothing is white, 
black, yellow, led, bittei, oi sweet, lor 
the phiase ‘by convention’ means the 
same thing as ‘by custom,’ and ‘for us,’ 
not according to the nature ol the things 
themselves, which he calls ‘in reality’ 
coining the teim liom ‘real’ which means 
tine. And the complete sense of his aigu- 
ment would be as follows Men think 
that there is such a thing as white, black, 
sweet, Ol hitter, but m truth the iini- 
veise IS composed of ‘thing’ and ‘noth- 
ing ’ ” (From History of Philosophy ) 

Thcol>hraslu^ 

“Democritus in assigning a shape to 
eac‘h quality made sweet to consist of 
fairly huge, spherical atoms. To the qual- 
ity sour he assigned very large, loiigh 
shapes with many angles and no cuives. 
The sharp [in taste], as its name implies, 
he regarded as consisting of atoms sliaip 
in mass, angulai, crooked, thin, and un- 
rounded. The pungent needs atoms 
which are thin, angulai, and bent, but 
rounded also. Salt is angulai, faiily laige, 
lAVJstod, although symmetrical. Bitter is 
rounded and smooth, unsymmetrical, 
and small in size.” (Fiom de causis 
plantarum.) 

Aetins 

“Democritus held that thunder is pio- 
duced by an unstable mixture forcing 
the cloud enclosing it to move down- 
waid. Lightning is a clashing together 
of clouds by which the fiie-producing 
atoms rubbing against each other aie 
assembled thiough tlie porous mass into 
one place and pass out. And the thunder- 
bolt occurs when the motion is forced 
by the very pui’e, very fine, very uniform 
and ‘closely-packed’ fiie-producing at- 
oms, as he himself calls them.” (From 
Flacita Philosophoriim.) 

“According to Democritus, a kind of 
shadow [is] cast by the high parts on 
[the moon], for it has hollows and glens ” 
(From Flacita Fhilosophorum.) 

“Democritus says that .the air, too, is 
broken into bodies of similar shapes and 
rolls about with the fragments of the 


sound.” {Fiom Flacita Pliilosoplwi uni ) 

“Coloi does not exist by nature. For 
the elements have no qualities, neither 
the solids nor the void. What is com- 
posed of these, howevei, is coloied by 
arrangement, proportion, and impulsion, 
that IS, Older, shape, and position, lor 
appeal ances aiise horn these. Of the.se 
colors . . . theie aie four types, white, 
black, led, and yellow” (Fiom Flacita 
PhiJosophoriun.) 

Ccnsorinus 

“Democritus the Abderitc lielicved the 
fiist men weie begotten ol water and 
slime.” (Fiom dc die natal i ) 

Hij)po]ylus 

“And [Demociitus] would say that the 
lealitics weie always moving in the void; 
and theie aie an infinite number of 
woilds diffeiing in size; in some there is 
neithei sun noi moon, in otheis they are 
larger than ours, and in otheis theie are 
many suns and moons. The distances be- 
tween the world.s is unequal and in some 
cjuaitcrs theie aie moie woilds, in oth- 
cn\s fewer, and some aie gi owing and 
others have i cached theii lull size, and 
others aie dismtcgi ating, and in some 
quarters woi]d.s aie coming inlo lieing 
and in others they are ceasing to exist 
They aie destioyed by colliding with 
each other. And some woilds aic devoid 
of living beings and all moisture. In our 
system the earth came into being before 
the stars, and the moon is nearest '"the 
earth, and then the sun, and then the 
fixed stars. The planets are not equally 
distant from the eaith.” (Fiom refuta- 
tio omnium haeresium.) 

Aiistotle 

“Anaxagoias and Demociitus say the 
Milky Way is the light ol certain stars. 
For the sun at night goes under the earth. 
Hence those stais above the eartli which 
the sun illumines cannot make their own 
light visible because it is obscured by the 
lays of the sun; but those which the 
shadow of the earth darkens so that they 
aie not illumined by the light of the sun, 
do show theii own light and this is the 
Milky Way. [The Milky Way is] the 
combined biilliance of many small stars 
in juxtaposition uniting their light.” 
(From Meteorologia.) 

“Democritus of Abdera holds that the 
distinction between male and female 
takes place in the womb, not however as 
the result of heat and cold, but it de- 
pends on which parent furnishes the 
dominant seed, or more exactly that 
‘cliromosome’ which originates m the or- 
gans which differentiate male from fe- 
male,” (From de genet atione animaL 
iuvi.) 




HERPES VIRUS FROM EGG is resolved into tiny graph specimen has been shadowed with gold to make 
spheres by the election microscope. The spheres are each them visible in three dimensions. Tlic original iiiicro- 
approximately 1,500 Angstroms in diameter. The mici'o- graph magnified the virus material 13,000 diameters. 



HERPES VIRUS FROM BODY 


, /-i • . -i ^ resolved into same 

spheres. Origmal micrograph magnified the virus.13,000 
diameters. It and micrograph above were made by Geof- 


frey W. Rake of The Squibb Institute for Medical Re- 
searcl^ and Harvey Blank, Lewis L. Coriell and T. F. 
McNair Scott of The Children’s Hospital of Philadelphia, 
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Virologists have ])iirsued the organisiii that causes 
herpes simplex, the eotiimoii fever hlister or cold 
sore, by the subtle track it leaves within its host 


I N the 19th centuiy iiulmal hisioiy 
meant aclvenUiie and tuivel to dis- 
tant lands. Scientihc cxploieis sought 
the scciets ol birds, llowcis and lieasts 
in giecn jungles, on snow-topped moun- 
lains and descil islands. Charles Dai win 
sailed lor live ycais on PI. M. S. Beagle 
to lie on the plains ol Patagonia watcdi- 
iiig the condoi in ilight, to find on “the 
loUy j-icaks oi the Couhllera” the alpine 
rodent bizeacha, to nieasiiie in a New 
Zealand loiesl tlu' tiunk ol the kauri 
pine. For Dai win the adventure did not 
end tlieie, of course, as a great scientist 
he not only collected facts hut used them 
to analyze the iorms ol life and thcii in- 
tci relationships, and to develop a tlicoiy. 

In the 20th centuiy natural history 
still means adventuie, but not always 
tiavel. While men contmiie to pin sue 
launa and floia to i emote paits of the 
world, theie aie many who do all their 
exploring within the walls of a laliora- 
toiy, Theie they aic lollowing the tiacks 
ol strange unlmown oiganisms eveiy 
whit as fascinating as the lile of Patago- 
nia Among the micioorgamsms whoso 
lives and hal^its have lieen traced with 
cmiosity, ardoi and profit during the past 
decade is a particulaily intriguing virus, 
the vnus of herpes simplex. 

One does not need to go on a jouiney 
to look for the herpes virus; almost every- 
one has seen its tracks on his own body. 
It is the organism that causes the levei 
lihstei, or cold sore, on the hp— one of 
the most common afilietions of man. Only 
a lew Eskimo tribes in arctic Greenland 
seem to be fiec of it. So tlie explorer who 
sets out in search ol the heipes virus 
goes armed not with compass, maps and 
machete but with a knowledge of im- 
munology and statistics, a hypodermic 
needle and an electron microscope. His 
terrain is the human lip, the patient lab- 
oratory rabbit and the chick egg. 

The story of how the herpes virus was 
discovered is of interest not only for it- 
self but also because the methods used 
and the results obtained in its study are 


by Pbilip and Emily Morrison 

basic to an understanding oi the bio- 
logical natiiie ol all disease. The virus 
was tiacked down only aftei a long se- 
nes of investigations, piincipally by the 
Australian virologist Frank M. Bui net. 

Although nearly eveiy one has lever 
l)listei.s occasionally, the cause of this 
aflliction had mystified physicians ioi 
many years. It does not heliave at all like 
ail mioctioiis disease. The blisters lecur 
tliiougliouL ihe lifetime ol an individual, 
usually in exactly the same spot, they 
sometimes accompany colds, lovers or 
emotional ujisets, as it they were symp- 
toms ol a moic geneial disorder; they 
give no evidence ol spreading by contact 
from one person to aiiothei. In contrast, 
a typical common viius disease like 
measles begins with considerable lever, 
catarrhal symptoms and spots in the 
mouth; a lash appeals all over the body, 
the disease spreads very readily, so that 
only about one pei cent of susceptible 
individuals fail to get it upon then first 
close contact with an infected person, 
usually it attacks an individual only once 
during liis lifetime. 

As early as 1912 some investigalois 
discovered that a virus was present in 
typical heipes blisters. But this informa- 
tion was dismissed by most research men 
as not significant Flow could heipes he 
caused by a virus, they argued, when it 
did not conform to the pattern of other 
known virus infections^ Nonetheless a 
few workers peisisted in following this 
appaiently blind alley. An encouraging 
but by no means conclusive experiment 
in 1919 showed that some of the liquid 
obtained from a human fever hlistei 
would produce lesions on the cornea of a 
rabbit. Again the evidence was rejected. 
A number of other theories were offered 
to explain the recuiring blisters. One of 
the most widely supported was that 
herpes was simply a peculiar external 
iiritation which affected certain sensitive 
cells 

In 1939, however, the virus theory re- 
ceived a tiemendous boost from findings 


by Kathaiine Dodd, L. M JohnsLon and 
G. J. Buddmgh at the Vanderbilt Uni- 
versity School ol Medicine. They learned 
that an infectious oiganism could be re- 
covered from the mouths ol iiilants suf- 
fering iioin a common Jorin of sore 
moil til known as aphthous stomatitis 
They did not sec the typical heipes 
hlisteis on these childicii, nor, of course, 
could they see the vims itself. Their 
chief evidence llial Iioipos viius was 
present was the fact that they louud 
heipes antibodies in ilic cliildreirs l)lood. 
Ill other woids, they detected the viius 
not by its usual blister tiack but by a 
kind of chemical scent The antibodies 
they found had pievioiisly been observed 
111 herpes patients. 

Spurred by these expeiimenls, Dr. 
Burnet and other mvcstigatois under- 
took a long, painstaking senes ol meas- 
urements ol herpes antibodies, hoping to 
lirove conclusively that herpes was a 
virus infection and to study the virus in 
all its peculiar habits. In these studies 
they had the benefit oi a gicat deal of 
knowledge about antibodies that has 
been developed in recent years. 

Antibodies, one of man’s major de- 
fenses against disease, arc manufactured 
by the human body m a nunihei of forms. 
Each vaiiety, evoked by a paiticular in- 
fectious organism oi other foreign agent, 
IS a specialist it has a particulai chemical 
structui e and possesses the specific abil- 
ity to neutralize the invader that evoked 
It. Its action on its antagonist is quanti- 
tative and measurable. When, lor exam- 
ple, a rabbit is injected with a certain 
number of diphtheria bacteua mixed 
with a certain amount of the specific 
diphtheria antibody in blood serum, tire 
animal shows no symptoms of the dis- 
ease. ^ 

I N the case of herpes virus pexhaps 
the most useful medium for this kind 
of measm'ement is the fertilized hen’s 
egg. The living cells of the developing 
chick embryo provide a favorable en- 




VIRUS IS CULTIVATED in fertilized eggs. Shown in 
these drawings is the technique used by Lederle 



Laboratories. At left a triangular window is cut in the 
egg. Next a rubber bulb is applied to a tiny hole at 


vironment for growing virus. In a herpes 
experiment the investigator carefully re- 
moves a small portion of the shell of a 
fertihzecl egg, lifts the shell membrane, 
thus exposing the outer layer of the liv- 
ing embryo, which is filled witli blood 
vessels, and then moculates this layer 
with a cei tarn amount of infectious liquid 
from a typical fever blister. On this rich 
field the herpes virus grows rapidly. 
Within two or three days the membrane 
shows raised white spots or plaques, 
which aie colonies formed by enormous 
numbers of individual pai tides of viius. 
The investigator then repeats the pro- 
cedure, but this time adds to the infec- 
tious material a measured amount of 
serum from the blood of an individual 
believed to have specific antibodies for 
herpes virus. By counting the difference 
in the number of lesions produced on the 
membiane before and after adding the 
serum, he can make an accurate estimate 
of the amount of antibody piesent in the 
individual who supplied the serum. 

Most normal adults have antibodies 
against herpes. These antibodies are a 
very peculiar bieed. Usually an individ- 
ual who has antibodies against a specific 
infection is immune from a recurrence 
of tliat disease; a notable example is 
measles. But the investigators found that 
in the case of herpes the antibodies do 
not immunize the patient; he may still 
have repeated attacks of fever blisters. 
On the otlier hand, in spite of the wide 
distnbution of the virus some people who 
have no herpes antibodies never get 
fever blisters. The herpes antibodies show 
another peculiarity. In many diseases, 
notably diphtheria and influenza, the 
production of antibodies varies with time 
or with the virulence of the attack. A 
mild infection produces a moderate con- 
centration of antibodies; after a severe 
infection the convalescing patient at first 
has many antibodies, then the concen- 
tration diminishes and finally disappears. 
In herpes, however, the investigators 
found that it is all or none— there are 


either a great number of antibodies oi 
none at all. Infants with stomatitis who 
had no antibodies at the time they be- 
came ill had a gieat many within thiee 
weeks, and continued to. have them. No 
one who had ever had a fevei blister 
failed to show a large number of anti- 
bodies, and a comparable concentration 
was found in some people who could not 
lemember having had such blisters. Peo- 
ple who have herpes antibodies seem to 
keep them in their blood foi life, and 
even for some time after death 

With these facts at hand, the picture 
of the herpes virus began to take definite 
shape. The mvestigatoi s determined by 
filiation that tlie virus is about 1,500 
Angstroms m diametei— roughly the 
same size as the influenza and rabies 
viruses. Like other viruses it is essen- 
tially a nucleoprotein. It first appears in 
young childien, usually m the form of a 
mild sore mouth Once it attacks an in- 
dividual, it remains with him until death, 
though it makes its presence known only 
by occasional blisters or not at all. If you 
escape herpes as a child, it is somewhat 
moie difficult to acquire it as an adult, 
but it can be done A woman worker in 
Bui net's group acquii*ed the telltale anti- 
bodies during their investigation. Upon 
inquiry, Bui net learned that she had be- 
come engaged to a* man who had had 
herpes for some time, and she had evi- 
dently acquired it from him^ 

Infection with the herpes viius seems 
to vary considerably with socio-economic 
status, according to mvestigations made 
in Austi’alia and England. Among uni- 
versity graduates, who come generally 
from comfortable homes, only about 37 
per cent showed herpes antibody, among 
groups in lower income brackets, as 
many as 93 per cent showed antibody. 
This statistic has been interpreted as 
evidence that herpes is probably spread 
by close physical contact, perhaps be- 
tween the mouth of the child and the 
saliva of the parent. The greater crowd- 
ing and poorer hygiene in lower income 


groups would tend to help the spread. 
If heipes were spiead by auhorne drop- 
lets rather than by contact, it is difficult 
to see how anyone could escape, legard- 
less of income 

Howevei that may be, the Buinet 
group positively identified herpes as an 
miectious disease, like measles, mumps 
oi any other viius infection except foi 
the unique fact that it persists all 
through life, almost without symptoms 
Only occasionally, when the lesistance 
of the body is loweied by fevei, a cold, 
or some emotional strain, do the infected 
cells of the lip, wheie the virus presuma- 
bly lives, break down into the typical 
blisters. 

S O fai we have been concerned with 
the description of herpes virus fiom 
the point of view of the exploier and the 
naturalist. We have identified it and stud- 
ied its habits. But it is valuable also to 
assume the point of view of the histonan 
and the ecologist, to trace the virus' ori- 
gin and development and its lelationship 
to othei oiganisms. Like Darwin, the 
modem virologists have not stopped at 
description but have earned theii re- 
searches into this broad and rather 
speculative field as well 

The natural habitat of the herpes virus 
is man, it seems to be as much at home 
m man as is the mistletoe on the oak. 
The creature multiplies and gains its 
food and shelter from the human body, 
and from its own point of view it is ex- 
tremely successful, for it invades almost 
every human being, is nevei dislodged 
and IS spread constantly to new hosts. 
But an essential element of this parasite's 
successful adaptation to its environment 
is tliat it does not do much damage to 
man. Tins is not because tire virus is 
totally incapable of doing damage, on 
the conti*ary, when introduced into rab- 
bits or mice it often infects the central 
nervous systems of these little animals 
and produces a true and usually fatal 
encephalitis. There are a few rare cases 
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the cud of the C{;{> to draw <lowu the luemljvanc beneath 
the shell. Then the virus material is injected into 


the embryo. Finally the window is covered with tians^ 
parent tape so the virus colonies may he observed. 


known in which lieipes virus has caused 
encephalitis even m human beings. 

Tlie generally haimlcss behavior o[ 
this creature in its natuial host gives us 
an exceptionally illuminating insight in- 
to the suivLval value ol a biological 
ec]iiilibiiiim. 11 you die ol encephalitis 
mcluced by hcipes viius, this is ol little 
advantage to the virus, since it cannot 
spicad 111 huge niunbcrs liom the dead 
On the othei hand, if you cany lieipes 
virus always with you and sulfei only an 
occasional blistei, the viius lives happily 
in ecpulibuum with you (or a i datively 
long time and has splendid opportuni- 
ties to glow and spread. Herpes virus is 
a conciete demonstration of a gieat gen- 
eralization made by the late Theobald 
Smith ol the Rockefeller Institute, whei- 
ever you find a parasite tliat has affected 
a given host ovei a long period ol time, 
you will find that the infection does not 
interfeie with the suivival of the host 
and IS of low virulence. A strange host, 
such as a mouse or a lalilnl, cannot ex- 
pect SLicli good l:)chavior from llie hu- 
man herpes vims because the host has 
not had lime to establish the basic 
chemical adjustment necessaiy for a 
state of equilibrium. Just as psittacosis is 
much more virulent in people than in 
parrots, so herpes is much more virulent 
in the mouse than in human beings. 

The history of herpes m man leads us 
to speculation on its sociology. We know 
that virulent diseases like measles and 
smallpox have not always been world- 
wide. When measles first strikes in virgin 
teiritory (e.g., the Faeroe Islands) it be- 
comes a terrible scourge; so it was with 
smallpox when it was introduced among 
the American Indians and among the 
Samoans. Such diseases are probably 
diseases of civilization— of cities or large, 
stable communities of men. Measles is 
more or less constantly present in all 
large communities, and there are major 
epidemics or sudden increases in preva- 
lence at about three-year intervals. It 
spreads rapidly, but after a comparative- 


ly short illness it confers long-time im- 
munity on those who lecover. By the age 
of 20 approximately 85 per cent of the 
population m a civilized country have 
had the disease, and second attacks are 
unusual. The measles viius is able to 
survive indefinitely in a city because 
iheie are always new people to cany and 
spicad il among a constant new ciop ot 
clnldien who have no immunity. It 
would have a hard time smviving in an 
isolalcd family oi small iiihe of cave 
dwellcis or nomads, lor il the gioup weie 
accidentally injected Ironi some outside 
souicc, all of its members would be sick, 
the suivivois would be immune and the 
disease would die out. 

The herpes vuus, on the other hand, 
IS self-peipeludtmg. It is the only known 
vuus disease m which a woman who had 
the disease as a child can infect her own 
children many years later, and they in 
turn infect their children. Thus the viius 
can be forever transmitted even within 
a single isolated family. 

So this newly found living loim, viius 
ol herpes simplex, is not new at all but 
piobably older than tlie pyramids or the 
ancient plagues, older than writing or 
even fire. It is undoubtedly one of the 
oldest domesticated organisms we know, 
older even than man's liiend the dog. 
The occasional colony of heipes on your 
lip is the evidence of a slight disturbance 
of the nice balance between 10,000 
generations of men and countless gener- 
ations of these little globes of nucleo- 
protein 1,500 Angstroms m diameter. 
Only as a result of many mutations and 
selective adaptations could the herpes 
virus have achieved so successful and 
peaceable a relationship and struck so 
delicate a balance between its own ag- 
gressive tendencies and the defensive 
mechanisms of its human host. 

T he human race exists in a rather 
sensitive and unstable relationship 
with its environment; it can be pro- 
foundly disturbed by slight changes in 


die physiology of even the tiniest para- 
sitic micioorganism. It may well be that 
othei diseases of man can profitably be 
studied in the light ol what we have 
learned about heipes, even though in 
those diseases the picture is much moie 
complicated. It may be that some of oui 
violent diseases are meiely now foims ot 
old ones that have suddenly been modi- 
fied, perhaps by imitation. It may also 
be that these virulent diseases aic evolv- 
ing toward the achievement ol a new 
successful equilibrium with tlieir hosts, 
and will gradually lose their picscut 
virulence Investigators have not tailed 
to observe that old diseases are disap- 
pearing just as new ones are emerging. 
The theory ot the age ol disease also 
offeis a clue to the undei standing of 
epidemics. It suggests that they lepie- 
sent sudden, violent disturbances in the 
equilibiium between a parasitic micio- 
organism and the human host. 

Thus the investigation of this haim- 
less, seemingly insignificant virus may 
well have impoitant results in our de- 
fenses against more troublesome dis- 
eases. It is clear, for example, that in 
poliomyelitis, as in heipes, many indi- 
viduals are infected without experienc- 
ing recognizable symptoms. Antibody 
analyses show that there are 100 hidden 
cases of polio to every visible one. The 
science of immunology becomes ever 
more important as it becomes evident 
that the individual living in a large com- 
munity is unable to protect himself 
against infections from his neighbors, 
but must rely upon the continuing ex- 
ploration and research of today’s natural 
historian, whose daily adventures are 
just as exciting and perhaps more imme- 
diately useful than those of his predeces- 
sois who sought the tapir, the okapi, or 
the high-flying condor. 


Fhilip Morrison is a theoreti- 
cal phijsicist at Cornell Univer- 
sity. Emily Morrison is his wife. 
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Julian Huxley’s summary of the vast debate 
between the schools of Lysenko and Mendel 



by James R. Newman 

HereditYj East and West: Mendel 
^’ERS us Lysenko, by Julian Huxley. 
Heniy Scliuman ($2.75). 

W HAT justification is there tor a 
new book on the Lysenko con- 
ti'oversy^ Unlike the Abbe Men- 
del, the Soviet biologist Trofim D. Ly- 
senko has not been a victim of public 
neglect. At home he has received the 
highest honors and rewards; abioad, 
though mostly excoriated, he has been 
the subject of a tonent of news stories, 
editorials, articles in populai magazines 
and technical jomnals, lectures, political 
orations and tlie approving notice of 
Geoige Bernard Shaw. 

Julian Huxley explains in the preface 
to his book what prompted him to the 
task. He believes that the controversy 
over Smdet genetics, for all the words 
poured out, has not been pioperly pre- 
sented. The subject of the debate is high- 
Iv technical, and its background is a 
country^ about niiich available informa- 
tion is both meager and wonderfully un- 
reliable. In judging the merits of a sci- 
entific theory one must apply stricter 
standards than the easy rules of political 
debate. Misti'ust or hatred of Russia, 
even when born of disillusionment fol- 
lowmg a great love, does not fully qualify 
one to discuss the Lysenko affair; nor is 
it altogether advantageous to be ignorant 
of genetics. Even among professional 
scientists, says Huxley, there has been 
misapprehension of the natme of the 
dispute. 

Dr. Huxley is uniquely equipped for 
the job. He is not only a first-rate bi- 
ologist but a man of broad culture. On 
his \dsits to Russia, where he became ac- 
quainted with leading Soviet biologists, 
including Lysenko, he heard their genet- 
ic theories expounded at first hand and 
participated in their discussions, as a 
former head of UNESCO he had the 
opportunity to study the international 
scientific scene and to work for the cause 
of scientific advancement and freedom. 
He ^mtes lucidly, witli political aware- 
ness and disinterestedness. His motives, 
as his record amply demonstrates, are 
beyond question. 

His book recapitulates tlie controversy 
in scrupulous detail; it explains the "role 
of science and the scientiflc method in 
world ci\dli 2 ation^’; it presents an excel- 


lent summary of neo-KIendelian and neo- 
Dai winian theoiy. It is a model of intel- 
hgent popularization, and a boon to the 
average leader. Thus Dr. Huxley’s essay, 
though not without obvious defects— it 
has an an of hunied composition, it is 
lepetitious, sometimes dispiopoitionate 
in emphasis, and not unifoimly per- 
suasive— is an event of unusual social 
and scientific note in this Soviet-ceiiteied 
debate about opposing theories of hered- 
ity. 

While the conRoversy gamed woild- 
wide attention in 1948 on the occasion 
of a special session of the Soviet Acad- 
emy of Agncultuial Sciences, its origins, 
of course, go back much farther, they 
may be traced to the waitings of the 
Marxist Fatheis and to the circumstances 
of the Soviet revolution. We may fix 
attention on the early 1930s, however, as 
a convenient starting point for the argu- 
ment among Soviet scientists. At about 
that time Mendelian genetics fell into 
marked disfavor in the Soviet Union. 
Stubborn and outspoken Mendelians be- 
gan to lose their jobs, "some being ban- 
ished to Sibeiia, others sent to labor 
camps, others just disappearing.” Hux- 
ley's principal informant on this early 
history is the Nobel prize- winning genet- 
icist Hermann J. Muller, now at Indiana 
University, who woiked in Moscow from 
1933 to 1937. Accoiding to Mullei, the 
Soviet geneticist Agol, among otheis, 
was "liquidated” in 1936, and S. G 
Levit, founder of the Medico-Genetical 
Institute, was forced to make a "confes- 
sion” of scientific guilt, after which he 
also vanished. In 1937 an International 
Congress of Genetics which was to have 
been held m Moscow was called off by 
the authorities, when the Congress final- 
ly convened in Edinburgh in 1939, all 
of the 40 Soviet geneticists who had 
submitted papers were refused exit per- 
mits to attend. After the outbreak of 
war the Soviet attack on "idealist” ge- 
netics was intensified, and before 1945 
a number of the most distinguished Men- 
dehans had "disappeared Rom the 
scene,” including Karpechenko, Sere- 
brovsk}^ and the famous Nicolai Vavilov. 
The latter, as a foreign member of the 
Biitish Royal Society— a raie honor, for 
there are only 50— was the subject of 
repeated official inquiries from the So- 
ciety to the Soviet Academy. There was 
never a reply; Muller says Vavilov died 
miserably in Siberian exile in 1942. 

These events were accompanied by 
the "exaltation” of Lysenko, an obscure 
Ukrainian experimenter in grain-grow- 


ing who was gaming fame as the piin- 
cipal advocate of the genetical theoiies 
of the late I. V. Michiirm, Russian hoiti- 
cultiiiist and plant bieeder ( 1855-1935) . 
Special confeiences were held in Russia 
111 1936, in 1939 and after the war to 
publicize the views and accomplishments 
of Lysenko, to expound the relationship 
between Maixist ideology and Michinm- 
isni, and to “disci edit” hlendehsm. Ly- 
senko enteied political life, was awaided 
two Stalin prizes and the Ordei of Lenm, 
was made a Hero of the Soviet Union 
and leplaced Vavilov in his highest posts. 

To the famous 1948 meeting of the 
Academy of Agncultuial Sciences, over 
which Lysenko presided as president, 
Huxley devotes many dieaiy pages. The 
meeting maiked the climax of the Com- 
munist assault on Mendelism. Since a 
piinted lecord of it exists, Huxley’s 
account of the pioceedings is tainted 
by neithei hcaisay noi fallible recollec- 
tion. The proceedings aie a tuigid and 
idiotic business. The party line in ge- 
netics, as thcie enimciated, luns some- 
thing like this: Mendelism is "incor- 
lect,” "anti-, un-, and pseudo-scientific,” 
"reactionaiy,” "idealist,” "inconsistent,” 
"unpatriotic,” "bourgeois,” “mystic,” 
"metaphysical,” "feeble,” “scholastic,” 
"alien,” and "pernicious.” Hereafter 
the biological sciences as taught and 
practiced in Russia shall be guided by 
Michuim’s teachings, which are "scien- 
tific,” "materialist,” "progressive,” "crea- 
tive,” "effective,” "piactical,” "part of 
the gold fund of our science,” and 
"coiTect in ideology.” In Soviet scien- 
tists’ councils "partisans” of "Morgano- 
Weismannite” genetics are to be le- 
placed by supporters of Michurinite 
biology; "formal” genetics shall be 
"rooted out” of Soviet science. 

A number of heretics were peimitted 
the opportunity of publicly lecanting 
their errois. A few IVlendelians were al- 
lowed to defend their views and to come 
out openly against Lysenko. This was 
done, Huxley suggests, “to give a sem- 
blance of free discussion” and to give 
the dissenters a lope to hang themselves 
"They have now all been dismissed or 
disgiaced.” Lysenko concluded the 
Academy meeting with ti:ie tiiumphant 
announcement that liis views had 
official approval of the Communist Party, 
and with the following tribute: 

“ Xong live the Michurin teaching, 
which shows how to transform living 
nature for the benefit of the Soviet peo- 
ple’ (applause). 

“ ‘Long live the Party of Lenin and 
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Stalin, whidi discoveied Michniin tor 
the world (applause) and cicaled all 
the conditions loi tlie ]:>iopess oi ad- 
vanced matcruibsl biolot^y ni our coun- 
tiy' (applause . . . all use , piolonged 
applause)/' 

What is “idealist'’ Mendelisiu? What 
aie the elements of “Moigano-Weisman- 
mte” genetics? What is the natuie ot the 
boon coni 01 red on the woild by the party 
ot Lenin and Stalin in discovering Mich- 
uiin? In trying to answer these (piestions 
I am loiced to make a biiel oi an cx- 
peit’s bnei, which is difficult. I shall 
([note and paiaphrase freely. 

Eighty years ago Gregor Mendel dis- 
covered “that when difleieiit kinds ol 
peas weie ciossed, ceitain ol then char- 
acters letained iheii distinctiveness in 
latei genciations without any trace of 
dilution 01 blending, and l:)ehaved as if 
they were tiansinitted by some kind of 



BRANCHED-WHEAT development 
has been stressed in the U.S.S.R. 
Some such strains arc known in U.S, 


definite unit or particle in the reproduc- 
tive cells— i.e., that the material basis of 
their heredity was pai ticulatc.” This con- 
clusion has been confiimed and enor- 
mously amplified in the modern science 
of genetics, which goes under the gen- 
eral name of neo-Mendelism. The exist- 
ence of the hei editary units postulated 
by Mendel has been demonsti ated, and 
it IS known that these particles, the 
genes, are arranged in a definite linear 
order within the cell-organs, the chromo- 
somes. Huxley compares chromosomes 
to playing cards. There are two full packs 
in the nucleus of every cell of every 
higher organism. Before a gamete— a 
sperm or egg cell— is lormed, “a com- 
plicated process of pairing and separa- 
tion takes place so that each gamete has 
only one pack of chromosomes,” con- 
taining one chromosome of each kind. 
Fertilization brings two packs together, 
one from the egg, one from the sperm* 
The Mendelian laws of heredity, as 
now generally applied in research, are 


physical and statistical piinciples which 
govern the distribution ol genes from 
one generation to the next. The genes, 
which contain “mainly pioteins together 
with a paiticulai kind of nucleic acid,” 
possess the “essential propcity oi hie, 
in that they aie self-copying.” Thus 
ihcic IS a continuity of germ plasm, the 
genes being tiansinitted from one gen- 
eialion to the next, theieby detei mining 
design, rate of growth, function, phy- 
sique, tempei ament and so on. 

This process extends to yellow-legged 
chickens, pug dogs, soft-shelled ciabs, 
chestnuts and men. The genes, in sum, 
constitute th(' oigan, the factoiv, the 
aichitect and the physical basis of heicd- 
ity. II you have a taste for miiacles, the 
genes imply a miiacle of eternal lite 
compaied to which the analogous miia- 
cles of leligion oi spnituahsm aie sticks 
in the mud. 

We come now to a ciitical point in the 
argument. “Neo-Mendelism is the sci- 
ence of variafion a.s well as ol heiedity,” 
Variations in organisms of the same spe- 
cies may spring horn heredity oi from 
the effects oi environment or activity, 
and the two kinds must be sharply dis- 
tinguished. Vaiialions of the second 
kind, such as “darkci skin color oi wliite 
men who have been exposed to plenty 
of sun,” aic called modificatunis Modi- 
fications, the nco-Mcndclians assert, are 
laicly if ever iiihoiited. The only way 
HI whicli llic environment can pioduce 
pcimanent eirecls is ihiough the evolu- 
tionary selection of adaptive traits, with 
the lesiilt, say, in the illustration abov^e, 
that men who daiken more readily in 
the sun enjoy, with their descendants, 
an advantage m the struggle foi sm- 
vival in certain climates and societies. 

The permanent hereditary vanations 
are due to the occasional random changes 
in genes known as mutations. “A muta- 
tion is a change oi' measui able extent m 
the constitution— eithei a change m 
qualtity of a single gene, oi a change 
m c;[uantity due to the addition or sub- 
ii action ol whole genes, sections of 
chromosomes, whole chromosomes, or 
whole chromosome-sets.” Mutations may 
come about either spontaneously, or “as 
the lesult of some agency such as X- 
rays, ultraviolet radiation, or ceitain 
chemical substances acting on the gene.” 

Neo-Mendelism and neo-Dai winism 
together fit into a single system— modern 
evolutionary biology— in the same way 
(though with less exactitude) that the 
facts and principles of modern physics 
fit into “a single theoretical framework, 
that of atomic physics.” The basis of in- 
heritance is held to be material and 
almost always particulate, and all char- 
acters of adult organisms are ascribed 
to the interaction of heredity and en- 
vironment, Evolution results from mu- 
tations coupled with selection. In the 
struggle for existence the possessors of 
mutant genes will be either at an ad- 
vantage or disadvantage in their aver- 
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age ability to survive and reproduce. 
“Mathematical calculation has demon- 
strated that quite a small advantage 
will lead in what is biologically a quite 
reasonable time to the vu'tual or total 
replacement of tlie old gene by its new 
mutant representative.” In sexual repro- 
duction the “mechanism of heredity . . 
allows the recombination of characters,” 
i.e , mutant genes may combine with 
each otlier or with unmutated genes to 
produce new combinations of characters 
This process, more favorable than a sin- 
gle mutation, accounts foi many signi- 
ficant and relatively rapid evolutionary 
changes. 

This concept of a world of Mendelian 
buildmg blocks and processes, with its 
trends determined by Darwmian selec- 
tion, has been constructed by scientists 
woiking patiently over a period of al- 
most a century. They have used experi- 
mental subjects as diveise as chickens, 
sweet peas, guinea pigs, corn, frmt flies, 
dogs and tomatoes; instruments ranging 
from microscopes and spectroscopes to 
poicelain dishes, pipettes and wateimg 
cans, disciplmes including mathematics, 
statistics, physics, biology, chemistry, 
zoology, psychology, biophysics, bio- 
chemistiy and even the social sciences. 
The system is founded on observations 
and theory, as Huxley says, “inextricably 
combined.” It is subject to modification 
or even total abandonment as new facts 
are uncovered and better hypotheses 
adduced. Among its followers tJieie are 
shaip differences of opinion and intei- 
pretation legaiding the meaning of ex- 
perimental results, and the applications 
of various principles. It is, however, a 
coherent whole embodying the best of 
conteruporary scientific method. 

Against this system must be measuied 
the Qieories of Lysenko and Michiuin. 
Their main thesis runs back to the theory 
of tlie inheritance of acquued characters, 
propounded by tlie French nobleman 
Jean Lamarck m 1815 He suggested 
that “detailed adaptive adjustments of 
the body and its organs to changed en- 
vironment or way of life are supposed 
to be able to produce corresponding 
changes, though of less extent, in the 
offspring, and to produce them even in 
the absence of the influences which orig- 
inally caused the bodily changes in the 
parent.” For illustiation, when a land 
bird took to water, swimming stimulated 
the growth of a web betw^eeii its toes, 
and this webbing was “gradually ac- 
cumulated by heredity.” (To suppose, 
says Huxley, tliat a change in the skin 
of a bird’s toes could influence its genes 
and thus affect its offspring is “Hke sup- 
posing that a telegram sent off from 
Peking in China will arrive in London 
already translated into English.”) 

Micburin and Lysenko have modified 
elassioal Lamarckism. They speak first 
of a ‘shattering^ or “shakingf^ of hered- 
ity by* enviromla^M forc^ This is 
supposed to br&k dddm flbe ' 'Stability 


normal to the hei editary constitution, 
thus making it “labile and plastic, or 
what Lysenko sometimes calls ‘unestab- 
lished.’” In contiast to neo-Mendelism, 
which regards the hereditary mechanism 
(the leproductive organs) as an enclave 
within the body, only rarely affected by 
any force or substance acting on the body 
itself, Michurinism holds, in Lysenko’s 
woids, that heredity “is inheient not 
only in the chromosomes but in eveiy 
part of the living body You need but 
change the type of metabolism in a liv- 
ing body to bring about a change in 
heredity ” The mechanics of this change 
are descnbed by the word “assimila- 
tion.” Lysenko defines heredity as “the 
effect of the concenti*ation of the action 
of external conditions assimilated by the 
organism in a seiies of preceding gen- 
erations.” 

As examples of Michurmism in prac- 
tice, Lysenko cites certain expeiiments. 
He clamas that by a modified method 
of vernalization— making winter cereals 
flower earlier by treatmg the seeds with 
moistui e at a lower tempei ature— he ban 
turn winter rye, hereditarily, into a per- 
manent spring type. This, he says, shows 
the effects of changing the enviroment. 
A second method of “shatteiing” hered- 
ity IS “vegetative hybndization”— a spe- 
cial combination of grafting and plant- 
ing. The thiid “shattering” method is 
crossbreeding. Whether or not the teim 
“shattering” has any meaning, cross- 
breeding IS undoubtedly a valid method 
foi producing hereditary changes, and 
it has proved particularly fiuitful, Hux- 
ley admits, in the hands of Soviet breed- 
ers. Huxley contends, however, that such 
results can be explained on strict neo- 
Mendeiian Imes, “since a hybrid between 
two sti-ains differing in many genes must 
inevitably pioduce a wide range of new 
gene-combmations, and therefore of 
characters, in subsequent geneiations, 
and the best of these can then be iso- 
lated and purified by selection.” 

Huxley disputes Michurmism in al- 
most every particular. He charges, in the 
first place, that the Michurmites’ whole 
attitude is unscientific “they do not 
normally employ scientific controls, 
statistical tests, or the usual scientific 
precautions, such as concern for purity 
of material”, tlieir publications of meth- 
ods and data are frequently so inade- 
quate as to prevent verification, they “re- 
peatedly make incon*ect statements of 
fact” as to the work of others. Secondly, 
while vernalization itself is an estab- 
lished fact, “the hereditary conversion 
of winter into spring cereals through a 
few years’ partial vernalization, as 
claimed by Lysenko, is not an estab- 
lished fact.” Lysenko’s experiments have 
not been confirmed; his results are “al- 
most certainly” no proof of Lamarckian 
inheritance; he neglects the effects of 
selection, which here and elsewhere 
simulate Lamarckism'. Huxley similarly 
critidzes the results claimed for “vege- 


tative hybridization,” emphasizing Ly- 
senko’s use of impure strains. 

None of the numerous claims made by 
classical Lamarckism, says Huxley, has 
ever stood the test of criticism and lepe- 
tition. Strong evidence against it has 
been maishaled in the famous mathe- 
matical reseaiches of the British genet- 
icist Ronald A. Fishei. Though Lysen- 
ko’s Michurmism modifies Lamaickism 
by postulating that its effects can take 
place only aftei the “shatteimg” oi 
“shaking” of heredity, this has not been 
pioved eithei, noi can the postulate be 
“easily reconciled with various facts that 
aie established.” Huxley concedes that 
many observed phenomena aie not in- 
consistent with Michurmism, but he ai- 
gues that they can all be explained as 
well or better by neo-Mendelism and 
neo-Darwmism. On the other hand, 
Mendelian genetics is able to explain a 
host of other phenomena that do not 
fit into the Michurmite system. This is, 
of couise, the crucial test of the validity 
of a scientific sy^em— its inclusiveness, 
economy and ability to account for di- 
veigent phenomena. 

Huxley also censures Lysenko’s lepu- 
diation of the methods of mathematical 
piobability and statistics He says that 
Lysenko apeais to understand little ol 
mathematics, and in any case seems to 
be unwilling to accord a place to chance 
and indeterminacy m his scientific sys- 
tem, nothing short of certitude will do. 
Obseiving that attacks on the mathe- 
matical theory of probability have come 
fiom othei quaileis in the U.S.S.R., Hux- 
ley takes this as evidence that pi ob abil- 
ity tlieory is incompatible with Marxism, 
or at least with Marxist ideology as now 
interpieted. Howevei this may be, we 
do have Lysenko’s own arguments that 
the “so-called laws [of neo-Mendelism] 

. . are based entirely on chance”, that 
“with such a science it is impossible to 
plan to work toward a definite goal”, 
that physics and chemistiy have become 
“exact sciences” only as they rid them- 
selves of “fortuities”, and, finally, that 
“Mendelism-Moigamsm” must be ban- 
ished from “oiu* science,” because “we 
must firmly remembei that science is 
the enemy of chance ” 

Some of Huxley’s criticisms must, of 
course, be left to the judgment of other 
experts; some aie easily accessible to the 
general reader’s understanding. The de- 
scriptions of Lysenko’s personal attri- 
butes, to wliich Huxley devotes consider- 
able attention (“a peasant,” “piactical,” 
“a zealous Communist,” “not a charla- 
tan,” “sincere,” “fanatical,” “a medieval 
mind using what is almost a medieval 
technique”), serve to explain the vehe- 
mence of Lysenko’s opinions and the 
ideological bias underlying his side of the 
conti'oveisy, Lysenko is an easy target 
for ridicule, and the book contains many 
choice samples of his astounding opin- 
ions. 

Yet Huxley weakens his case by omis- 



MODS and oversiatements. The natme- 
niirtiirc controversy, decades old, con- 
tinues to l:)iibble even in the Mendehan 
pot. Many aspects of modern genetics 
and neo-Dai winism are not only enoi- 
mously complex but admit of wholly 
conti adictory inferences. Even in phys- 
ics, a science much more exact than 
genetics, our period is witness to re- 
markable antitheses ol fundamental 
theory. The fashionable cuiient view 
that physical laws aie only statistical 
averages is i ejected by no less an au- 
thority than Albeit Einstein, who holds 
to deterministic theoiy and lefuses to 
believe that the behavior of matter is a 
“fundamental game of dice” [Ins words 
m a letter to Max Boin]. Huxley does 
not adequately acknowledge the differ- 
ences among classical geneticists. In the 
lole of advocate he seems unwilling to 
admit that his own cause is afflicted by 
internal divisions. Scientists in general, 
geneticists not excepted, have the usual 
social, political and economic piefei- 
ences. Huxley knows of course that the 
outlook of an investigatoi , honest and 
independent though he may be, affects 
liis scientific inteipretatioiis and conclu- 
sions, This book makes clear the rela- 
tion between social and political dogmas 
and Lysenko-Michurmism; it neglects 
to make the same searching inquiiy ic- 
garding nco-Mcndchsin and neo-Dai - 
winism. Tins is not to imply tliat West- 
ern scientists aie dishonest, or to sug- 
gest that orthodox genetics is not, by 
scientific as well as pragmatic standards, 
vastly superior to Michminism. It would 
have been better, however, to draw the 
Western portrait with its waits. Huxley's 
case would still have been oveiwhelm- 
ing. 

The last phase of Pluxley’s analysis 
attempts to answer the question. Why 
lias Miciiiuinism found favor in the 
Soviet Union? The leasons are not al- 
together obvious and it is necessary to 
be lemindcd of the hioad setting. 

The suboi dination of many forms of 
mtellectua) activity to Maixist philoso- 
]ihy, and the imposition of state con- 
ti ols to enforce conformity, are by now 
a familiar aspect of Soviet life. This 
has taken place, in varying degiees, in 
histoiy, music, philosophy, law and 
science. Thus far, howevei, the other 
sciences have not been caught up in the 
ideological mill as directly as biology; 
there is no "paity line” for chemistry, 
geology, mathematics and so on, except, 
as we have noted, in probability theory 
and statistics. 

The “socialization” of biological sci- 
ence has proceeded along lines of 
“appeal to immediate utility ... to na- 
tional patriotism and class sentiment, so 
that science is regarded primarily as 
an instrument of the class stiuggle and 
its national extensions.” In accordance 
with the principles of dialectical ma- 
terialism, Soviet intellectuals have found 
it necessary to justify a philosophical 


doctune oi scientific theoiy as material- 
ist, and in turn to i eject any doctrine 
or theory “to which there attaches a 
suspicion of idealism.” The term “ma- 
terialism” is thus used not only widi its 
usual classical philosophical connotation, 
but as a “ceitificate of value,” a “label 
... of praise and commendation, to de- 
note conformity with official dogma.” 

Neo-Mendelism also rests on a belief 
in the mateiial basis of inheiitance 
One IS puzzled, theiefoie, as to why this 
system is denounced as “idealist” and 
“anti-mateiialist.” Huxley suggests an 
explanation. Lysenko and his followers 
use these terms, without much regard 
to moaning, simply because they are 
the accepted style of denunciation, and 
because “it pays to do so in oidcr to 
emeige victoiious in the dispute.” 

It IS less easy for a scientist to un- 
dei stand why the scientists of the 
Academy as a whole back Michminism, 
“whose facts are notoriously and obvi- 
ously dubious and whose crude inter- 
pretive piinciplcs beai no lesemblance 
to a scientific theory m the accepted 
sense.” This endorsement is the more 
perplexing in view of the fact that, as 
Huxley points out, “Russian science in 
general stands at a high level.” Moie- 
over, it stiams at plausibility to make 
out the Russians, as American official 
and newspaper opinion has attempted to 
do, as diabolically ingenious and quar- 
tei-witted at the same time. To be sure, 
the totalitaiiamsm of the U.S.S R. would 
account for the Academy’s blessing once 
the political authorities had laid down 
the rule. But why weie the politicians 
won over^ Huxley off'eis two reasons. 

The practical leason is that the 
U.S.S. R. IS “economically and teclino- 
logically a backward country.” Russia 
IS despeiately dependent upon an in- 
crease m agricultural yield, and Lysen- 
ko’s theoiies hold out the promise of a 
more rapid increase than does Men- 
delism. His results since 1985 have 
“seemed evidence of successful achieve- 
ment.” In the long run, Huxley com- 
ments, Mendelian methods of bleeding 
would have paid off moie richly, but 
Lysenko, capitalizing on his country’s 
agricultural backwardness, including its 
unimproved and genetically impure 
strains of crop plants and livestock, has 
“energetically” inti'oduced superior agio- 
nomical methods and produced some 
quick results. His methods have had “a 
salutary effect.” 

The second reason for Lysenko’s po- 
litical backing is ideological, Mendelian 
lieiedity is disliked in the Soviet Union 
because it locks man into a groove of 
predestination and implies both “human 
inequality” and “human helplessness.” 
Such, at least, is the popular misappre- 
hension, though responsible Mendelians 
would regard these pat notions as ab- 
surd. Marxist politicians might be ex- 
pected to swallow such ideas, to embrace 
Lamarckism with its “promise of speedy 
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known and loved by cveiyonc who lieaid 
him speak or lead his woiks Heic in one 
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It provides a sober, sensible basis 
for judging how the struggle for 
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coutiol,” Lysenko-Michurinism with its 
simple, easily comprehensible methods. 
No choice could be more compatible 
with Marxian ideology, nor, indeed, with 
the aspirations of a society piofessmg 
egalitarianism, sti*uggling to overtake the 
Western world and to overcome the 
handicap of centuries of enslavement in 
poverty and ignorance. Soviet political 
opinion was the more leadily impelled 
to accept Michmimsm because Mendel- 
ism, 01 the idea of genetic inequality, 
had been used by the Nazis, and con- 
tinues m use by bigots, fools, and re- 
actionaries elsev'here, to justify social 
practices based on lacism. The ti'uth is, 
of couise, that Mendelism no moie re- 
quires the acceptance of racism than 
“acceptance of the biological stiuggle 
for existence as a fact means that war 
IS a good thing in human affairs.'' 

"'Actually,” writes Huxley, "the effect 
of environment and social conditions is 
often so laige as quite to mask the un- 
dei lying genetic inequality; and the 
genetic vai lability of the human species 
is so well distributed that the aveiage 
genetic difteience between different 
classes or social gioups and diffeient 
nations oi ethnic groups is negligible or 
small in its effects, compaied with the 
improvements which can be effected 
through better living conditions and bet- 
ter education Similarly, genetic piede- 
termination is not absolute, environment 
IS needed for the unfolding of man’s 
potentialities.” 

I lecommend Dr Huxley's book, es- 
pecially to those who hold to the old- 
fashioned beliefs that timth is the means 
to fieedom, and understanding the 
means to peace 


S ocial-Glass Influences upon 
Learning- The Inglis Lecture, 
1948, by Allison Davis. Harvard Uni- 
versity Press ($1.50). Elmtown's 
Youth. The Impact of Social Classes 
on Adolescents, by August B. Hollings- 
head. John Wiley & Sons, Inc. ($500). 
Adolescent Character and Person- 
ality, by Robert J. Ha\dghuist and 
Hilda Taba. John Wiley & Sons, Inc. 
($4 00). The Psychology of Social 
Classes: A Study of Class Conscious- 
ness, by Richard Centers. Princeton Uni- 
versity Press ( $3 50 ) When citizens of 
the United States are asked whether they 
belong to the upper, middle or lower 
class, the great majority choose the mid- 
dle class This lesult, consistent with the 
notion of America as the land of equal 
opportunity, has led some people to con- 
clude that consciousness of class is not a 
factor in tlie life of the United States. 
Traditionally, in America, anyone is 
equal to anyone else, and wealth, educa- 
tion, family—in a word, class— are not 
important. The testimony of these four 
books contradicts all of this. In sober 
language the authors describe the classes 
into which American society is organ- 


ized, and they go beyond this descrip- 
tion. Foi one's expeiiences in childhood 
and adolescence, when attitudes are be- 
ing formed and when the mind itself is 
being tiained, are strongly conditioned 
by his class membeiship. In adult life, 
too, class may deteimiiie one's voting be- 
havior, and political and social attitudes 
and beliefs. Dr Davis summarizes 
studies which show that intellectual 
functioning difteis among the social 
classes. The pattern of intelligence, as 
measmed by tests, vanes with class, and 
it is deal that the school, which stresses 
middle-class beliefs and values, is un- 
able efiSciently to teach oi even to com- 
municate with those of its students 
whose parents aie laboieis, factoiy 
hands, clerks and the like. Dr. Hollings- 
head, in Elmtowns Youth, describes the 
class structuie in a typical midwestein 
town and shows in detail how class mem- 
bership affects the lives of ovei 700 ado- 
lescents of high-school age. The high 
school IS dominated by the higher classes 
(classes I and II). High-school parties, 
plays, clubs, awaids and scholai ships 
aie largely theiis. Religious clubs and 
adolescent cliques seldom include mem- 
bers Irom moie than two classes, and 
social intercom sc between class Vs (the 
lowest gioup) and class Is and IIs is raie 
indeed. Many adolescents of high-school 
age, mostly horn classes IV and V, had 
withdrawn from school, their jobs, lecie- 
ational pui suits and maniages aie maik- 
edly affected by class lines. Theie is 
little oppoitumty foi them to rise above 
the kind of lives led by their class IV 
and class V parents. Similar findings are 
reported in Adolescent Character and 
Peisonalitij A gioup of specialists 
studied 16-yeai-old adolescents in 
"Pranie City,” some of whom had been 
studied by Di. Hollingshead in "Elm- 
town.” Character (leputation) is highly 
related to school achievement, which de- 
pends in good part upon conformity to 
the school's middle-class values and ex- 
pectations. “Good Chaiacter” then will 
be fosteied in families whose values aie 
the school's values, and this is a class 
matter. Dr. Centers, thiough Princeton’s 
Office of Public Opinion Research, found 
that the majority of a sample of white, 
male adults was divided into two classes, 
the middle class and the working class 
In a large number of aieas— representa- 
tive ones are political behavior, atti- 
tudes toward jobs, lehgion, and chances 
for advancement— the two classes dif- 
fered greatly in their expressed view- 
points. At least this conclusion can be 
reached from these fom books* By his 
class, ye shall know him. 

J ames McKeen Cattell: Man of 
Science. Volume I, Psychological 
Research, Volume II, Addresses and 
Formal Papers, Edited by A. T. Poffen- 
berger. The Science Press ($10.00). 
Cattell would not write an autobiogra- 
phy, givmg as an excuse his umvilling- 
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Coiidiictecl by Albert G. Ingalls 

T he Pcilomar Mountam Obseivatoiy 
possesses the largest existing exam- 
ples of two opposite t)’pes of stai 
cameras : the 200-inch— still called a tele- 
scope though it IS used only photogiaph- 
ically— which takes pictmes of veiy nai- 
low areas but penetrates space to a 
distance of a billion light-years, and the 
48-inch Schmidt, which reaches only one 
thu'd as far as the 2()0-inch but photo- 
graphs areas many times wider. 

The 48-nich Schmidt is now beginning 
its first work as a systematic scout for the 
200-inch. During the next foui yeais it 
will photograph, aiea by adjacent area, 
in both red hght and blue, the whole of 
the sky tliat is visible bom its latitude— 
tlu'ee fomths of the entire area of the 
heavens. The result will be an album of 
a thousand paiis of photographic prints, 
costing $2,000 a copy, which will be used 
by other observatoiies 

As diis program swings along, at the 
rate of one exposure an hour when the 
skies aie clear, new discoveries almost 
surely will be made as by-products; data 
on valuable stars, on novae, on clusters, 
and unexpected finds, a new asteroid 
has been found akeady. What, then, is 
the principle of the Schmidt, and where 
did it get its name? 

Bernhard Schmidt, the son of Swedish 
and German parents, was born m 1879 
on Nargen, an Estonian island het\veen 
Estonia and Finland. After studying op- 
tics in Sweden he moved to the vicinity 
of Jena in Germany, where he lived ’a 
carefree Ufe for 25 years, occasionally 
making telescope mirrors to sell to ama- 
teur and professional astronomers. He 
ground diem not only by hand but with 
only one hand, he had lost his right hand 
when he was a hoy. He never married. 
Dr. Paul C. Hodges, who has investigated 
his life, says ibat Schmidt s wants were 
confined to simple lodgings, food, cigars, 
cognac and freedom fr^om regimentation. 
He would undertake no more mirror 
making than would barely satisfy these 
few needs, and refused positions with 
the large optical manufacturers. 

In 1926, however, he was induced by 
astronomers of the Hamburg Observa- 



toiy in Beigedoif to join the staff as a 
“voluntary colleague,’' an airangement 
that gave him freedom to loam the 
woods and talk to himself. In regimented 
Geimany this loose kind of anaiigement 
might have cost the diiector of the Ob- 
seivalory his job but, as Di Hodges 
states, “instead it gave the world the 
Schmidt camera” Schmidt announced 
its discovery in 1932. He died in 1935, 
hut not before the significance of the 
basic principle he originated had been 
recognized by science. Even gi eater 
realization of its importance has come 
since his death. 

This IS the problem that Schmidt 
solved: If only a spheiical minor could 
be used in a leflectmg telescope, the 
telescope would be free from the blur- 
ring aberration called coma Unfortunate- 
ly a spherical mirroi suffeis from anothei 
cause of blurring called splierical aber- 
ration To remo\e this spheiical aberra- 
tion the sphere is “concctcd,” that is, 
slightly deepened towaid the center to 
make it a paiaboloid. This collection m 
turn introduces coma, which, foi cutical 
uses such as stai photography, bluis all 
images not in the centei ol the field. 
Thus in picking up one bundle the sec- 
ond bundle is dropped. 

Beinhard Schmidt discovered a way 
to cairy both bundles. He analyzed the 
pioblem thus. A correction equivalent 
to a paraboloid could he made on a sepa- 
late plate of glass in contact with the 
oiiginal spherical mirroi. From this, 
however, there would be no gain, as 
many others had realized after having 
the same analytical thought. Schmidt’s 
sti’oke of genius was to think one moie 
thought— and, of course, the right one. 
He lemoved the plate fiom contact with 
the spherical muTor and shifted it several 
feet to the centei of curvature of the 
sphere Here both kinds of aberration 
were eliminated at once, making possi- 
ble a shaiq) focus ovei a bioad area on 
tlie photographic plate. By easy hmd- 
sight, most optical woikers have noted 
how simple the Schmidt principle is, and 
have kicked themselves for not discover- 
mg it first. 

Cameras like the 200-inch that have 
paraboloidal mirroi s can photograph, 
blur-free, ai*eas of the sky only about one 
sixth of a degree in angular diameter, 
represented approximately by holding a 
pin at arm’s length with its head facing 
the eye. The 48-inch Schmidt at Palomar 
can photograph areas six degrees in an- 
gular diameter, represented by holding 
three fingers at arm’s length against the 
sky. The ratio between the two areas 
IS about one to 900. This gain was 
Schmidt’s great gift to astronomy. 

The six-degree angular diameter of 



the area photogiaphed by the 48-inch 
Schmidt is almost the same as tlial 
achieved by a Schmidt caineia built b) 
the amateur astronomer John F Giegoiy 
of 3825 Bambridge Road, Cleveland 
Heights 18, Ohio. This docs not mean 
that Gregory’s 5-mch Schmidt, shown on 
page 63, equals the gicat Paloinai 
Schmidt m all respects It has very much 
less powei to penetiate distant space. 

On the opposite page is a photograph 
of the Double Clustei in Peiseus and 
smioundnig stars made by Giegory’s 
Schmidt. The oiigiiial oi this photo- 
graph, a little round film only l/s inches 
m diameter, was shown, togethei with 
photographs of the Gregory instrument, 
to Di Henry Paul of Norwich, N. Y., 
an advanced amateui authority on the 
Schmidt. The Peiseus Clustei pholo- 
giaph evoked praises not often given to 
or justified by similai attempts. “Very 
good m many, many respects.” The 
images of individual stars aic small and 
lound, showing no ahcuations, clear out 
to the edges of the film 

G regory Ls a senior student m me- 
chanical engmeeimg at the Case In- 
stitute of Technology in Cleveland. Ten 
years ago, at the age of 12, he attended 
a lectin e by J. f. Nassau, head of the dc- 
jiartment of astionomy at Case. A yeai 
later, with the help of the book Amatcm 
Telescope Making, he had completed a 
beginner’s reflecting telescope. Wisely, 
he waited to acquire more yeais and ex- 
perience befoie tackling a Schmidt. 

The lightweight tripod shown in the 
illustration is temporal y, being found too 
shaky on bieezy nights. Bolted to the top 
of the tripod is a block of oak. To this 
the electric diiving motoi and the driv- 
ing-speed 1 eduction gearbox are bolted 
below, the mounting and tube aie bolted 
above. The mam casting of the mounting, 
as well as the fork and the gearbox, aie 
of aluminum. Giegory “patterned,” cast 
and machined them as a special project 
while taking leqmred courses in these 
subjects at Case. The sloping polar axis 
is mounted in a ^s-mch radial ball bearing 
at its lower (south) end. Another bear- 
ing of 1/Tinch diameter at die upper end 
of this axis absorbs the end thrust due 
to the cameia’s weight. 

The drive that keej^s the camera in 
motion to compensate for the earth’s ro- 
tation consists of a Warren C5M syn- 
chronous motor rated at 12 watts and 
costing $13. It IS attached to the lower 
end of the gearbox and rotates at four 
1 evolutions per minute The drive passes 
through a differential like the one shown 
on page 323 of Amateur Telescope Mak- 
ing-Advanced (to permit the use of a 
flexible cable for hand guiding during 
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photographic exposuics), then to 18- glass would be fiat enough, but I had to 
and 15-tooth meshing spur geai s, next to grind it fiat with No. 600 Carboiundum.” 

61- and 75-tooth gears. All aie Boston I^oi the correcting plate Gregory chose 
Gear Woiks slock gears. All the shafts the type of ciuve based on k=l. This 
are mounted on ball bcaiings. Where it gives a curve that is worked from a plane 
emerges from the gearbox the drive is surface with a neutral or deepest zone 
connected with the camera by a vertical .707 of the distance from the center of 
shaft with jaw coupling which peimits the plate to the edge. '^Having drawn 
disconnection of the gearbox from the the curve,” he stales, “I cemented half- 
unit. The next gear, above the oak board, inch-square glasses, cut from a two-inch- 
is a woim and 60- tooth worm gear square slide cover glass, to a sponge- 
pi essed diiectly on the mam worm shaft lubber kneeling pad, with most of the 
of the polar axis. The woim wheel has squaies at the ladius of the thinnest zone, 
96 teeth. tapering oft gradually toward the center 

The tube of the telescope was made and very rapidly toward the edge. After 
by a local sheet-metal worker who rolled 15 minutes' grinding with finishing 
up and butt- welded a sheet of .050-inch- cmeiy, and an houTs polishing with 
thick 3S/ffl aluminum that cost $1.70 at cerium oxide on HCF backed with 
a local waiehouse of the Aluminum sponge rubber, the lens was ready to 
Company of America (gcneial office: test. 

Pittsburgh, Pa.) . ''The test described by Lower in 

"The pi im ary , mirror was made from Amateur Telescope Making— Advanced, 
a 6-inch plate glass blank, ground and page 412, was found to be satisfactory, 
figured to a sphere of 14-mch focal but I used a Ronchi gi'ating instead of a 
length,” Gregory says. "Thus if the 5- slit, making it by photographing a coaise 
inch stop in the focal plane were re- grating on film to give about 80 lines 
moved the focal latio would be 2^/4, but per inch. Placing this film at the focus 
with it the working focal latio is /3. The (within half an inch) and viewing the 
5-inch stop provides for equal illumina- miiror through the lens from a distance 
tion ovei an area as large as a 4-inch stop of 10 feet or so, I discoveied that all ex- 
would pi ovide if placed at the mirror s cept the outer inch was satisfactory. Re- 
center of curvature. Because the curve is grinding, polishing and testing from 30 
so deep, the figure tended to lemaiii leeL finally gave a much-longed-for ap- 
sphciical during polishing and little trou- pearance of parallel lines, 
ble was experienced in figuring. "The longitudinal focusing mecha- 

"The glass for tlie correcting plate was nism I evolved is shown in the di awing, 
fiom an Air Corps filter I thought this It is the easiest arrangement I know of 



John Gregory's Schmidt photograph of the Double Cluster in Perseus 


POCKET MICROSCOPE 

See for yourself wiih this fasemafing pencil- 
size microscope. Clips on to your pocket; you'll 
be proud to own this amazingly powerful pencil- 
size microscope. Ideal for people in all walks 
of life. Holds unlimited fascination for both 
young and old. Replaces costly instruments. 
Magnifies 20X. Instant focus, excellent wide 
field. Aluminum body, beautifully satin-finished 
Hundreds of uses Makes handy inspection in- 
strument. See for yourself. Order 
today. . Postpaid 

RADIOMETER 

American-made. Balanced four-arm vane turns 
when exposed to light. Demonstrates radiation 
principle 

GUARANTEED to operate. IN- 
SURBD POSTPAID. 


$ 6.50 


BLACK LIGHT 

Ideal for the study of minerals. Observe the 
colors of fluorescent materials under the 250 
Watt Purple X Lamp (Black Light) Why do 
white onions fluoresce milky blue while the 
peelings remain wholly negative? These results 
and many more are obtained under the same 
lamp. Minerals from different parts of the coun- 
try give off different colors. Order a BLACK 
LIGHT and three brilliantly |%|| 

fluorescent minerals for only 

Express Collecf. 

TELESCOPES 

Paiiular American Makes 

5X Telosoope $2.00 8X Teloscopo $7.50 
WoHensak vari-nower 15 to 40X . . . $24.50 

MINERALS 

Learn to Identify minerals. Know their relative hat d* 
ness hy use of the Moh's Scale of Hardness. A siieciat 
combinatlen offer of two hexes of minerals, contalnino 
59 different specimens and a mineral haniiheok 
describing more than 100 minerals with notes on 
how to collect minerals and thoir study. 
Postpaid $2,50 
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Super-powerful permanent bar magnets with which a 
largo variety of astonishing gravity-defying tricks 
can he performed. TwO bars including trick sheet. 
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GYRO-TOP 

Demonstrates the principle of the gyrocompass. A 
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. . , , Postpaid 

COMPASS 

Surplus Army Engineers compass in brass watch case 
with snap cover, jeweled bearing, self- locking needle 
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POLAROID 

Experiment with polarized light Get tv/o 
pieces of 2" x 2*' genuine polaroid film that 
can be used in photography, pe- d*'| |||| 
trology, physics, chemistry, as- 
tronomy, etc Postpaid 

Mounted in optical glass 3'' diameter (72mm) 
$[ 25 each, 2 for $2.00 Also 1" (25mm) 60c, 
2 for $1.00 
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These magnificent, imported 7x50 prism binoculars 
have the brilliant luminosity, precise clarity, and 
wide, undistorted field of view obtainable only 
with a good large glass Because 7x50 glasses give 
the highest performance obtainable they are now 
the official choice of the Army, Navy and Marine 
Corps This IS your opportunity to purchase a 
brand new 7x50 A7 1/3 OF THE USUAL COST 
Lifetime construction Lightweight aluminum 
body Individual eye focusing Ultra-precise op- 
tics, sealed against moisture and dust Unques- 
tionably the greatest binocular value available 
anywhere Sold with a guarantee of satisfaction 
or money refunded 


Price With 
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Price With 

Coated Lenses & Prisms 


$46* 


*P/us 20% Federal Tax 
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ACHROMATIC TELESCOPE OBJECTIVES— Ptrfect 
Matme-itiim riuoride Coated aticl cenieuted Gov'e 
Siirpltih knses made of finest Ctonn and Flint 
optical clas . Th£> ne fully torrecttd and have 
trememlttus ttbolviii}? jiowpi Gu^^aIltec•d well 
suited foi Astronomical Tolescupes, Spotting 
‘spfHit.s, etc Original Gov’t cost appro’^imatelj 
S 1 00 no each 
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Coated Lenses 


AOX— FINE for Astronomy 

30X— SUPERB for Long Distances 

20X— excellent Spotting Scope 

lOX— WONDERFUL for Close Study 
Precisif/n Ament j.n Made vanalde Powei Telescope 
tnut surplus! FOUR TELESCOPEh- in One 
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out Genuine Leather cuveniig Weight ^42 50 
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matit Eve and FteUl 
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nwnpatl, liglit weight 

- ">= S 4.50 

LENS cleaning TISSUE-Here is a Wonderful 
Gttv*t .sarfilus Buy of Perfect Paper which vvas 
made to the highest Gn\'t Standards and spe<?i- 
ticatinns "iOO t,heeis, 

isiJie X. 11* ,5 1 .00 
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Gregory's differential focusing mechanism 


for 'squanng-on’ the spider and finding 
the focus precisely, micrometncally, yet 
quickly. I thieaded a shoit stud one inch 
in diameter with 24 threads per inch and 
271 ess-fitted it to the S27idei. A second 
stud, movable, was thieaded with 20 
threads pei inch. A lo bating hi ass collar 
was made in two ]yieces, one half 
threaded with 24 tine ads per inch and 
the other with 20 thieads 27ei inch, and 
the two halves joined with screws. This 
collar moves the movable stud longi- 
tudinally at a veiy gradual, conli oil able 
late. As the collar is turned one revolu- 
tion it moves on the fixed stud lA inch, 
but at the same time off the movable stud 
^20 inch. Since the movable stud is con- 
sti allied against lotation by a concealed 
pin shown in the drawing, it moves 
only Ijh inch— ‘V 24 inch, or a delicate 
1420 inch, with respect to the stationary 
stud. 

“In adjusting the focus, which is deh- 
cate on a Schmidt, where everything is 
critically sensitive, a senes of exposmes 
aie taken witliout moving the 2 ^h^te- 
hoider on the stud. After each ex270sure 
the collar is rotated, the camera also be- 
ing moved in declination so that the next 
exposuie will not fall on the first. In this 
manner one can focus and square-on 
after abont three test plates. 

“The plateholder fits over and remains 
on the movable stud by friction, and con- 
sists of a camera filter adapter, a flat 
metal back-plate, a black pax^er disk, the 
film held flat, and a crown glass 27lano- 
convex field flattener lens (radius of con- 
vex curve 5 inches) , all m the stated se- 
quence and all piessed into mutual con- 
tact by ' die retaining ring. The field 
flattener for the convex field character- 
istic of the Sclimidt camera was resorted 
to after unsuccessful attempts to keep 
the film from humping out of contact 
with the conventional convex base. Ex- 
cept for flare due to reflection around 
bright stars, it has worked very well, es- 
pecially since it was coated. 

"On nights with no haze or smoke I 


can ex 2 )ose for an hour before sky illu- 
mination fogs the film. 

“The guide telesco27e is a 2-inch le- 
fractor and is loo small: it is unfortu- 
nately veiy hard to guide on faint stais 
with it. 

“Foi visual observation I have a diago- 
nal and a 16-mm orthosco27ic ocular, 
held on a metal plate that fits over the 
side of die tube. Because of the stee27 
cone of light, images arc good over no 
more than a three-degree diametei field, 
but most Schmidts aie not used visually 
at all." 

O NE more source of puzzling scialches 
on optical surfaces has been tracked 
down. Carl E. Wells of Roseville, Calif., 
re27orts that D. A. McLaien of Hunteds 
Point, Calif., was long baffled by unac- 
countable scratches, as are many other 
woikers. His ins27iration was to examine 
the chamfer at the edge with a micio- 
scope. He was astonished to note the 
mannei m which this [^ait was fractuied. 
Acting on the hy 2 >othesis that these tiny 
fractures break off during 27olishing and 
scratch die glass, he threw away the 
Carborundum stone used to make the 
chamfei and substituted a 27iece of glass 
and loose Carborundum grains No 600. 
This stiatagera finally 27ut an end to his 
scratches 

Ironically the use of a Caiborundum 
stone foi chamfei ing is lecommended 111 
Amateur Telescope Making (pages 286 
and 296) for the prevention of scratches ^ 
It p>i'Gvents some sciatches in a manner 
that a23parently causes otheis. The his- 
tory of the telesco27e making art from 
its beginning has been one of additional 
learning. 

UR SUN, by Donald H. Menzel, as- 
sistant directoi of the Haivard Col- 
lege Observatory, covers the current 
status of solar research from all its major 
angles: an easy approach, the basis of 
astrophysics, solar chemistry, the prob- 
lems of sunspots, or solar cyclones,* fine 





details of the solar siiiface, solar promi- 
nences as phenomena of explosiveness; 
the coiona mysleiy; atomic eneigy and 
the sun’s mteiior, solar eclipses, and the 
sun as a source ol energy tor man’s use 
This covei age is as broad and as deep as 
that of a textbook with the happy differ- 
ence that, not being dragged down by 
the consciousness that he is wilting a 
textbook tor use in the discipline and to 
be ciiticized as such by otheis, an author 
can write moie leadably and the pub- 
lisher can print more atti actively. The 
lesiilt, in the present instance, combines 
the values ot both qualities. Dr. Menzel 
has done much writing foi lay leadeis 
and his style is as straightfoiwaid and 
unstilted as that ot a lectuiei before an 
intimate audience. The subjects dealt 
with aie technical, the book is by no 
means light. It deals with solid sub- 
jects at the upper middle level of iin- 
dei standing. 

Another new book is Skij shoo ting, by 
R. Newton May all and Margaiet L. May- 
all. It calls to the attention ot owners ot 
ordinary cameras a wide vaiicty ol easily 


available photographic activities that 
many ot them have missed, piobably be- 
cause precise instructions have not been 
available. The activities systematically 
and practically, not loosely, dealt with 
aie- photographing stai trails, a first ap- 
proach; photographing the aurora pref- 
erably with Leicas and with fast or color 
plates, a next step in the oider of diffi- 
culty, meteoi photography, which will 
call foi patience and tenacity, photogra- 
phy of selected stai fields, using ordinary 
cameras or homemade box cameias (a 
simple design is described) together with 
guiding aids on simple equatoiial mount- 
ings, photogiaphy of vaiiable stars at 
intervals that reveal then changes, pho- 
tography of new stars, comets, clusters 
and nebulae, and of sun, moon and the 
planets. Data on exposure time and de- 
velopment aie included in this practical 
and self-contained working book Begm- 
neis in astionomy will find more new 
data m this book than advanced ama- 
teiiis. The junior author is a member of 
the staff ol the Harvard College Ob- 
servatory. 
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ASSEMBLE YOUR OWN BINOCULARS 
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plainlv wiitten, Itlustiated booklet showinr how you i an 
build lots of optical items Use these lenses In iihotoj-vi ijiliv 
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^ For j ofue people, you could not choose 
^ a more perfect Christmas gift than 
the next twelve monthly issues oi the new 
SCIENTIFIC AMERICAN 


- X. They are the triends on your Christmas list who 
share your interest in science Like so many sub- 
scribeis already enrolled, they have loop; \\ anted to see 
such a magazine published. 


★ 


For readers tor whom it is designed — tor laymen as well as pio- 
fessionals in science — this magazine is the perfect gift. At our 


money-saving Christmas rates, no other gitt will be so wcll-appieciated. 


^ This Christmas (oui second), we have made caietul prepaiations to tultill 
^ youi gift orders Use the coupon below^ (or postage-paid oider-foim facing 
page 56) to place your ordei toda\. Please act promptly so w'e can stait yoiii gift 
subscriptions wdth the Christmas issue. 
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eiBLIIIGIUPHV 

Readers interested in further leading 
on the subjects covered hij articles in this 
issue maij find the lists below helpful 
The lists are not intended as bibliogra- 
phies of sQwcG material for the articles 
The references selected will provide sup- 
ple men/ a ri/ information 

ARMS RACE V. CONTROL 
The Internation XL Control of 
Atomic Energy The Thiid Repot t of 
the United Nations Atomic Eneigy Com- 
mission to the Secmity Council, May 17, 
1948. Department of Slate U. S. Gov- 
ernment Pimting Office, 1948 

A Report on the International 
Control of Atomic Energy Prepaiecl 
for the SeeieUuy of State’s Committee 
on Atomic Eneigy by Chester I. Bar- 
naid, I R. Oppenheimer, Chailes A. 
Thomas, Haiiv A. Winne and David E. 
Lilienthal Donhledav and Company, 
1946 


SFiOCK WA\'ES 

Supersonic Flow and Shock Wav es. 
R Com ant and K O Fiiediiehs. Intei- 
seience Piiblisheis, Tne , 1948. 

THE APE-MEN 

Up Fpa>M the Ape Earnest A. Hootoii 
The Macmillan Company, 1946. 

Apes, Gixnts and Man. Fianz Wei- 
deiiieich UmvTisitv of Chicago Pi ess, 
1946 

FIVE HISTORIC PFIOTOGRAPHS 
FROM PALOMAR 

First Photographs wttii the 20t)- 
Inch Hale Telescope Edwdn P. Flub- 
]:)le m Publications of the Astiononiical 
Society of the Pacific, Vol. 61, No. 360, 
June, 1949 

A Night on Palomar Albeit G 
Ingalls in Scientific American, August, 
1948 


VISIT TO ENGLAND 
Fear, War, and the Boxib. P. M. S. 
Blackett. Whittlesey House, 1949. 

Nuclear Forces. Leon RoseiifekL 
Interscience Publishers, Inc , 1948. 

FLUOROCARBONS 
Fluorocarbons. J. H. Simons and 
L. P. Block m Journal of the American 
Chemical Societtf, Vol. 59, page 1407, 
1937 and VoL 61, page 2962, 1939. 

DEMOCRITUS ON THE ATOM 
Selections from Early' Greek 
Philosophy'. Edited by Milton C. Nalim. 
Appleton-Century-Crofts, Inc., 1947. 

NATURAL PIISTORY OF A VIRUS 
Virus as Organism Frank M. Bui net. 
Harvard University Press, 1946, 

Viral and Rickettsial Infections 
OF Man. Edited by T. M. Rivers, J B. 
Lippincott Company, 1948. 




With television, you see far beyond 
the horizon. Radio brings you sounds 
from aiound the world. Election mi- 
ci os copes peer deep into the world 
of the infinitesimal. 

These, and other “leaves” on our new 
tree of knowledge are rooted in creative 
reseaich— as caiiied out at RCA Lab- 
oiatories in Piinceton, N. J. Here, re- 
search scientists seek new scientific 
principles, improve on old ones, or put 
them to new uses. 


Alieady on their achievement list aie 
hundreds of important and basic develop- 
ments in electronics, television, radio, 
electron tubes, radar, and recorded music. 
RCA research works continually to give 
you better products. 

Examples now working for you in- 
clude: Today's sharp-eyed Image 
Orthicon television cameras, television 
pictuie tubes, compact portable radios 
made possible by tiny new RCA elec- 
tron tubes, the 45-rpm record-playing 
system with the fastest record changer 


ever devised and distortion-free lecords. 

Research in your behalf: Creative le- 
search into new principles is another 
way in which RCA Laboiatoiies work 
to improve your way of living. Lead- 
ership in science and engineeiing adds 
value beyond price to any pioduct oi 
seivice of RCA and RCA Victor. 

Examples of the newest advances in radio^ 
television, and electronics —in action— matj 
he seen at EGA Exhibition Hall, 36 Wek 
49th St,, N. Y. Admission is free. Radio Cor- 
poration of America, Radio City, N. Y. 20. 
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Patented design seals off upper 
surface of each prism with Neo- 
prene ring . , . Protects precision 
optics from dust and dirt . . . 
Assures maximum clarity and 
accuracy, UJe-long service. 

WIDER FIELDS! 

Critical focus on larger area than 
ever before . . . Advanced design 
optical system insures true stere- 
opsh . . . Finest optics ever pro- 
duced for wide field work. 


Higher eyepoinl • Dusfrproof 
nosepiece • Sturdier mechonical 
construction • and many other 
advantages you^il v/ant. 


today for complete information and demonstration. Bausch 
& Lomb Optical Co.,781-L St. Paul St., Rochester 2, N. Y. 
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NEW YORK . DECEMBER 26-31, 1949 

Symposia — xAnnual Science Exposition 
Technical Sessions in All Scientific Fields 
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Also — Hotels New Yorker • McAlpin • Martinique • Governor Clinton 


Sirs. 

This lettei will not discuss mateiial 
that has appealed in Scientific American, 
but will report an event that should be 
of mteiest to your leaders. 

The ever-mcreasing specialization in 
all fields of human endeavor has had at 
least one very unexpected result: the 
decay of our civilization, which can in 
part be traced to the disiegard of moral 
and ethical values. 

In foimer times scientists were in- 
evitably also concerned with the philo- 
vsophical quest foi the meaning of the 
universe and man's place in it. This quest 
led automatically to an establishment of 
moial values. 

Specialization has resulted in a com- 
plete sepal ation of professional problems 
from ethical ones. Scientists— like other 
people— sell their skill, as it were, m the 
inaiket place. This does not mean, how- 
ever, that scientists have no ethical oi 
moral values It does mean that in gen- 
eral they do not attempt to apply these 
values to the selection of the pioblems 
they woik on. 

Recently a society— the Society £oi 
Social Responsibility in Science— has 
been formed which links men and wom- 
en Avho do not agree with this coinpart- 
mentalizatioii and Avho, being aware of 
the social responsibilities of then work, 
aie determined to apply viewpoints of 
ethical and moral values to the selection 
of it. In our present-day society this is 
not easy because from a moral and ethi- 
cal viewpoint mass killing is not admissi- 
ble, and yet the greatest part of the 
scientific endeavoi at present is con- 
trolled by and devoted to mihtary aims, 
which implies mass killing. 

The constitution of the above-men- 
tioned society states its aims to be as 
follows* ‘‘to foster throughout the world 
a . . . tradition of personal moral respon- 
sibility for the consequences for human- 
ity of professional activity, with empha- 
sis on consh'uctive alternatives to mili- 
tarism, to embody in this tradition the 
principle that the individual must ab- 
stain from destructive work and devote 
himself to constructive work, according 
to his own moral judgment; to ascer- 
tain , . . the boundary between construc- 
tive and destructive work, to serve as a 
guide for individual and group decisions ^ 


mm 


and action; to establish and opciale an 
employment service . , . lor those indi- 
viduals whose convictions necessitate 
leaving or lef using destiuctive work, to 
assist those individuals who suffci eco- 
nomic 01 legal difficulties because of . . . 
abstaining from . . . destiuctive activity.” 

VICTOR PASGHKIS 

Piesidcnt, Society for Social 
Responsibility in Science 
Neshamc Station, N. J. 

Sms. 

Your article entitled “Enzymes in 
Teams” by David E. Gieen is veiy iii- 
teiesting and well done. Plowever, I 


would like to point out that the author 
evidently is not acquainted with an im- 
poitant piece of woik done m this field. 
He states, . . m the animal body the 
con vei Sion ol glycogen to glucose oi of 
glucose to glycogen is piotoundly af- 
lectcd by hoimones such as adienalin or 
insulin. But no one has succeeded m 
showing that the reconstructed process 
in the test tube is sensitive to the action 
of these hormones, m othei woids, it has 
yet to be demonstrated that insulin or 
adienalin act on isolated enzymes.” 

Colowick, Cori and Slem state m the 
Journal of Biological Chemistnj, Vol. 160, 
p. 633, 1945, and Vol. 168, p 583, 1947, 
that hexokinasc, which catalyzes the re- 
action: glucose + adenosine triphosphate 
— >■ glucose-6-phosphate -k adenosine di- 
phosphate is inhibited both in vivo and 
in vitro by adienal cortical hormone and 
anterior pituitary hormone working in 
coopeiation, and that this inhibition is 
antagonized by insulin. The above reac- 
tion IS a step in the conversion ol glyco- 
gen to glucose and vice versa 


Recalibrate 
your instruments 
with these... 



ERRATA 

The chart of the International 
Phonetic Alphabet that appeared 
on page 23 of the September is- 
sue ol this magazine was not 
piopeily Cl edited. It is adapted 
from The American College Dic- 
tionanj with the kind pei mission 
of the copyright ownei, Random 
Plouse, Inc. 

The caption on pages 38 and 
39 of the November issue, per- 
taining to the penetration of 
space achieved by the 200-mch 
telescope, contained the figuie 
“thousand billion light-years.” 
This should have been “thousand 
million light-years.” 
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CLARENCE M. COBB, JR. 
Blue LslancI, 111. 

Sirs. 

Careful reading of the papeis from the 
Cori laboiatoiy will disclose that the iii- 
hibitoiy eEects on hexokmase which 
were reveised by insulin weie brought 
about by extracts of anterior pituitary 
and adrenal cortex. There is no pub- 
lished evidence that the effects of these 
extracts can be lef erred to any of the 
known hoimones. Vaiious investigatois 
have extended these original obseiva- 
tions of the Con group and theie is now 
moie information about the specificity of 
the effects bi ought about by the glandu- 
lar extracts. Mir sky and Broh-Kahn have 
leported that extracts of spleen like the 
glandular extracts can produce inhibi- 
tions of hexokmase which in some cases 
are reveised by insulin. Stadie and Zapp 
have also published an extensive study 
which does not support the view that 
the physiological role of insulin is that 
of relieving the inhibition of hexokmase 
induced by diabetogenic hormones. Thus 
there is m my opimon no conclusive 
published evidence that hoimones can 
act on highly purified enzymes in the 
same way as they are known to influence 
these same enzymes in the intact cell or 
tissue. 

DAVID E. GREEN 

Institute for Enzyme Research 
The University of Wisconsin 
Madison, Wis. 


N[W high-aauracy 

RADIATION 

STANDARDS 

The United States Radium Corporation 
now offers you a new type of radiation 
standard for dependable, accurate recali- 
bration of Geiger counters, ionization 
chamber survey instruments, and radiation 
dosage meters. 

Through a method based on the incorpo- 
ration of radium (or related element) in 
foil, these new radiation standards offer 
greater latitude in design — configuration of 
the standard can be easily fitted to your 
particular instrument or counter tube. The 
new type is available as a point source or 
as a linear source (see illustration), cali- 
brated for alpha, beta, and gamma 
radiations. All standards are produced only 
to special order, but can be accurately 
duplicated at any time. 

In addition, U. S. Radium Corporation 
can supply the conventional type of radia- 
tion standard, consisting of hermetically- 
sealed capsules containing a radium salt. 

SPECIAL STANDARDS 

While radium is a suitable source of radia- 
tion and is used in most of these standards, 
frequently arrangements can be made to 
supply standards utilizing a source of either 
virtually pure beta or gamma radiation 
alone. 

INQUIRIES INVITED 

U. S. Radium Radiation Standards meet 
the most exacting needs of research, in- 
dustry, and medicine for recalibration or 
on-the-spot checking of radiation measuring 
equipment. We will be pleased to answer 
your inquiry about them. 



Please address Dept. J-5 

UNITED STATES 
RADIUM CORPORATION 

535 Pearl Street • New York 7, N* Y. 





50 AOD too VEARS AGO 



D ecember ISQQ. ‘‘Mars may al- 
most be said to liave lost his 
popularity of late. During the last 
opposition comparatively little was seen 
of the puzzling system of streaks called 
canals, which have given birth to so 
many fancies concerning Mars, and al- 
most nothing new seems to have been 
learned. It is tiue that the planet was not 
well situated for observations, but at the 
same time disappointment has been felt 
ovei the meager lesults obtained.” 

“How have our views as to matter 
changed and how are they constantly 
changmgl We cover the atom witli 
patches of electiicity here and there and 
make of it a system compared wdth which 
the planetary system is simplicity. Nay 
more: some of us even claim the power, 
which Newton attributed to God alone, 
of breaking the atom into smaller pieces 
whose size is left to the imagination.” 

“The stupendous Zeppelin ahship is 
now nearing completion on its floating 
dock m Lake Constance. Its proposed 
speed is 22 miles an hour, and hence it 
will be helpless against a wind of that 
veIocit^^ It is in providing a motor suf- 
ficiently powerful to propel the huge 
structure against a sti'ong opposing wind 
that the difficulty lies This has never 
been accomplished as yet, and theie is 
no expectation tliat even the mammoth 
Zeppelin airship will be able to make 
headway against anything stronger than 
a moderate breeze. Nevertheless, if this 
distinguished German succeeds in 
achie\ing tins speed with an airsliip 
capable of carrying a crew of several 
men, he will have placed the problem of 
aerial navigation on a practical basis 
which it has never hitherto reached.” 

“The present indications are that as 
long as balancing is dependent upon the 
sensations and voluntary control of the 
operator, aeroplane navigation w^ll re- 
main a very hazardous and fatal form of 
recreation. It is evident that some metli- 
od of automatic mechanical control is 
necessary, and the results acliieved by 
Professor Langley on die Potomac River 
indicate that such control is within the 
possibilities of the future. In perfectly 
still air the Langley steam-driven aero- 
drome achieved a steady flight of three- 
quarters of a mile at a speed of thirty 


miles an hour. But although this was a 
tiuly wondeiful result and speaks elo- 
quently for the skill and unconquerable 
perseverance of the uiventoi, it is a far 
step from that to a machine of com- 
mercial or military utility, capable of 
carrying its freight in any direction in 
all possible conditions of wind and 
weather.” 

“In lecent years bacteriological sci- 
ence has proved beyond the possibility 
of cavil that in the great cycle of change, 
fiom the organic matter in the soil to 
the elaborate products which aie ab- 
sorbed by the roots of the plant, the bac- 
teiaa of the soil are the gieat, and indeed 
the only agents employed. It is also a 
proved fact that the wait-like excies- 
cences on the roots of leguminous plants 
are the camping groimds of myriads of 
bacteiia which possess the property of 
being able to absorb the fiee nitrogen of 
the atmosphere and render it favorable 
for the use of plants.” 

“President McKinley has at last ridden 
in an automobile actuated by steam.” 

“The success of the tests of tlie^ Hol- 
land submarine torpedo boat, recently 
made at Pecomc Bay, on the north coast 
of Long Island, assuredly marks the ad- 
vent of a new era in the development of 
submarine craft designed for offensive 
operations in war. The vessel was on 
several occasions under water lor inter- 
vals of more than twenty minutes, and 
demonsti-ated her ability to i esponcl to a 
summons to sink beneath the surface, 
approach a ship, discharge a torpedo, 
wheel about m her couise and return to 
a place of safety, all within a space of 
consideiably less than half an houi.” 

ECEMBER 1849. “Some of our 
railroads, we hear, are expeii- 
menting with soft coal. It is time 
that wood was dispensed with by our 
railroads. Our forests, vast though they 
be, deserve a better fate than to be eaten 
up by the iron horse, when fuel from be- 
neath the surface of the earth will do 
]ust as well.” 

“Two gentlemen a short time since, 
ascended in a balloon from Bedford, 
England, and when at an elevation of 
two miles, they got into a cloud of sleet 
and snow, and die balloon was quickly 
covered with ice. In ixying the valve, 


above and below, it was found to be 
frozen. In this emergency, they applied 
a knile, and made an incision of twenty- 
four inches, m the silk. The gas issued 
foith in one continuous stream, and thus 
the aeronauts were rescued from the jaws 
of destiuction. They descended safely.’’ 

“Shortly after the brilliant discovery 
by Faraday of the lotation of the plane 
of polarization of light produced by mag- 
netism, M. Waitmann announced that 
he had tried the same experiment upon 
radiating heal. Several persons are said 
to have failed m the attempt to re-pro- 
duce the phenomenon, but MM. de la 
Prevostaye and Desams have succeeded, 
modifying, however, the process oi Jvl 
Warhiiann. They lully believe tliat then 
experiments establish, licyond a doubt, 
the rotation of the plane ol polarization 
of heat under the influence of mag- 
netism.” 

“M De la Rive experimentally sup- 
ports the hypothesis that the luminous 
matter of the aurora is due to the electric 
fluid contained in the atmosphere at 
great heights, where the air is larcfied. 
This explains, he thinks, why the mag- 
netic pole IS always the apparent centre 
from which the light that constitutes the 
aurora borealis proceeds, or towards 
which it seems to converge.” 

“By the latest news from California we 
leain that a Constitution has been adopt- 
ed, and they are knocking for admission 
into the Union. Gold is still plenty, and 
the prospects still good, with haid woik 
and a good chance for sickness.” 

“We have often thought that no city m 
the world could show such a rapid in- 
crease as that of New York, but a recent 
Parhamentaiy paper proves conclusively 
that we were very much mistaken. In ten 
years, from 1839 to 1849, the inciease 
of the inhabitants of London has been 
325,904; and 64,058 houses have been 
erected, 1,642 new streets opened, of 
200 miles in length. It now numbers 
2,336,960 inhabitants. What a BabeB” 

“Census of die United States. 1830, 
12,866,020; 1840, 17,063,353. In 1850 
the population will be 23,449,309. 
Eighty years hence will find the popula- 
tion of the United States 240,000,000; 
quite equal to the present population of 
Europe, or one-fourth the population of 
the world.” 
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They Packed a Pole Line Into a Pipe 


Back in the eighties, telephone executives faced 
a dilemma The public demanded more telephone 
service. But too often, overloaded telephone poles 
just couldn^t carry the extra wires needed, and 
in cities there was no room for extra poles. Could 
wires he packed away in cables underground? 

Yes, but in those days wires in cables were 
only fair conductors of voice vibrations, good 
only for very short distances. Gradually cables 
were improved; soon every city call could travel 


underground, by the early 1900's even cities far 
apart could be linked by cable. 

Then Bell scientists went on to devise ways 
to get more service out of the wires. They evolved 
carrier systems which transmit 3, 12, or even 15 
voices over a pair of long distance wires. A co- 
axial cable can carry 1800 conversations or six 
television pictures. This is another product of 
the centralized research that means still better 
service for you in^ the future. 

BXPIORING AND INVBNTtNG^ 
BCONOMIBS !N TBLBPHONB SERVICE 



BKI.L TC:L£PH0]V£ LABORATORIES 

DEVISING AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND 
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Model 356 
Alpha survey meter 


Model 263B 
Beta and gamma 
survey meter 



The A B and G 
of fine 

radiation instruments 


Sturdy, reliable, portable survey 
instruments to measure alpha, beta 
and gamma radiation. Catalog 
material and detailed information 
available on request. 


Model 247A 


Gamma survey 
meter 








Quality components including hu 
megohm resistors — suh-miniature 
tubes — and complete line of G-M 
counter tubes available without delay. 

Write for information and data sheets. 


THE VICTOREEN INSTRUMENT CO. 
5806 HOUGH AVENUE 
CLEVELAND 3, OHIO 



THE COYER 

In the center ot this month's covei 
painting is a crystal ot ethylene dia- 
mine tartiate (EDT), the piezoelec- 
tric propel ties ot which assist modern 
telephone communication {see page 
46). This crystal, six inches long and 
an inch thick, is synthetically grown 
out of solution on a “seed,” whose orig- 
inal outline is still visible in the right 
half ot the ciystal. From this “mother 
crystal” are cut lectangular slabs 
which are plated with gold and 
mounted m an assembly like that 
shown at the left. This assembly is the 
main constituent of the complete EDT 
crystal filtei unit, shown at the right 
on the edge ot the gieen baize cloth. 
In telephone ciicuits such units sepa- 
late the dozens of difterent earner 
frequencies, each carrying a diEereni 
signal, that aie transmitted simultane- 
ously over one telephone cable. Each 
unit is tuned to a single carrier tie- 
quency, and filters out' one message 
to be passed on to its destination. 
In the background is an isometiic 
di awing ot a piezoelectiic crystal. Be- 
cause ot EDTs pioperty ot biiefrm- 
gence, or double refraction, there aie 
two distinct images ot each line in 
that part of the drawing behind the 
crystal. The crystals, giown at West- 
ern Electric Company's Allentown, 
Pa., plant, weie developed as a syn- 
thetic substitute for natural quartz. 


THE ILLUSTRATIONS 

Covei by Walter Murch 

e Source 

David Stone Martin 
Erie Mose 
David Stone Mai tin 
11 Mount Wilson and Palomar 
Observatories 
M Richard Wolteis 

Bureau of Mines, United 
States Department of the 
Interior 

living Geis {top). Bureau of 
Mines, United States De- 
partment of the Intel lor 
19 Irvmg Geis 
i3 Wilham Auerbach-Levy 
Aero Service Corporation 
51 Eric Mose 
56 David Stone Martin 
50 Roger Hayward 



What GENERAL ELECTRIC People Are Saying 


D. E. CHAMBERS, 

Research Laboratory 

Research People: The laboratory 
director is constantly looking first 
for persons of outstanding natural 
attributes and only second!) docs 
he look at the scientific tools de- 
rived from training and experience 
which the man has collected. 01 
course the laboratory must achieve 
a balance of effort in the various 
fields, such as physics, chemistry, 
metallurgy, etc., as is deemed to be 
required by the Company’s fields of 
interest, but it has been demon- 
strated many times that a truly 
outstanding man with good basic 
scientific training can contribute to 
a surprising degree in several fields. 

We have found that a true re- 
search man has outstanding scien- 
tific curiosity and is primarily in- 
terested in tile unknown. Obstacles 
challenge him, and arbitrary pro- 
ce<lures and rules tend to iiTitale 
him. He seldom has the patience to 
carry a new idea through to a fin- 
ished design. The exceptional is an 
inspiration to him, and when he 
finds it he seeks to develop its 
peculiarities to the fullest extent. 
His imagination is of the philo- 
sophical type, which enables him to 
co-ordinate his observations into 
hypotheses for experimental verifi- 
cation or disproof. He is always an 
optimist, for it is easy to think of 
many reasons why a proposed ex- 
periment would be futile; the man 
who makes the discoveries is the man 
who goes ahead and tries it; optim- 
ism is to research what vitamins are 
to the animal organism. 

National Electronics Conference. 

Chicago. 

September 27^ 1949 

ir 

E. E. CHARLTON, 

Research Laboratory 

Medical Electronics: Investiga- 
tions of the effect of cathode rays on 
living tissue have been under way 
by various investigators for a num- 
ber of years. The recent develop- 
ment of high-energy electron ac- 
celerators has considerablyexpanded 
work in this field. The penetrating 
power of electrons in matter in- 
creases rapidly with voltage and can 


thus be varied at will. In sufficient 
dosage they are lethal to bacteria 
and molds, destroy cellular tissues, 
deactivate enzyme systems, and in 
some cases produce chemical changes 
as well. 

The field of application of electron 
beams directly in medicine and their 
polentialities can not safely be 
estimated today. They may give us 
improved techniques for the de- 
struction of cancer cells, they may 
give us new and useful methods in 
the sterilization and preservation of 
some food and drug products. Tluyv 
may even assist in the production 
of new food products. In certain 
cases, high molecular organic mole- 
cules may, by cathode-ray exposure, 
be broken down into simpler ones, 
thus producing chemical changes 
difficult to achieve by conventional 
methods. A precursor of vitamin D 
has been changed by cathode rays 
to the active form, and it is con- 
ceivable that the precursors of 
hormones could be similarly changed. 
Plant growth may also be stimulated 
and some indigestible materials may, 
by cathode rays, be made digestible. 

6lh Inter •‘American Congress of 
S urgery^ Ch icago , 
October 2L 1919 

★ 

J. R. STEHN, 

Research Laboi atory 

Age Of The Earth; A very interest- 
ing set of deductions can be made 
about natural and geological phe- 
nomena from the ratio of isotopes 
found in nature under different 
conditions. The age of the earth has 
been estimated (and this is the most 
accurate way known of doing it) by 
the measurement of the relative 
amoimts of the different lead iso- 
topes in samples of rocks which the 
geologists know to have been un- 
disturbed since they originally solid- 
ified on the earth’s crust. 

Certain of these rocks originally 
contained uranium, and this ura- 
nium decomposed in time into its 


final end-products: lead-206 and 
lead-207. The ratios of the abun- 
dances of these isotopes of lead to 
that of another one of the isotopes, 
say lead -208, that occurs in ordinary 
lead (wliich the rock may, of course, 
also eon Lam), tell what fraction of 
die lead now in the rocks came orig- 
inally from the uranium that once 
must liave been in the rock. Tying 
that in with the uranium that is still 
left m this same sample of rock, one 
can estimate what fraction of the 
uranium has decomposed, and this 
lets one estimate the age of the rock 
and lumce of the earth. Jt is thus 
that an age of about two billion 
years is generally stated. 

WG Y Science Foruni^ 

September 21, 1949 

★ 

11. A. WINNE 
Vice President 

Cost Of Progress: fn bygone days 
the progress of tribes and iialions 
could only be made at the expense 
of other Irihes and nations— by the 
exploitation of their resources, by 
the enslavement of their peoples. 
Technological advances hold the 
possibility of progress at nobody’s 
expense, through increasing produc- 
tivity-through, in effect, greatly 
increasing the length and strcngtli 
of every man’s arm. If the world 
today sometimes seems to be trem- 
bling dangerously on the brink of 
atomic war, it might be salutary to 
remember, as a kind of coimtcrbal- 
ante, that man has been struggling 
for survival for thousands of years, 
and sometimes has been pushed, or 
has stumbled, dangerously close to 
the edge, too. We are gaining, suf- 
ficient for our purposes or almost 
so, mastery of nature. We have left 
the problem of self-control, which, 
difficult though it may he, is still, 

I believe, within the possibility of 
man’s achievement. 

Newark College of Engineer ing, 
June 8, 1949 
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AMONG the many miraculous phar- 
Jlx raaceuticais made in the great 
modern plant of Lederle Laboratories 
at Pearl River, N. Y., is a preventive 
for Brucellosis, an infectious disease 
of cattle, costly to dairy farmers and 
dangerous to communities as a pos- 
sible source of undulant fever. 

The Lederle product, brucella abor- 
tus vaccine m pounder form, comes in 
hermetically sealed and dated vials, 
each vial containing over 300 billion 
live baaeria. 

When originally introduced in liquid 


form, the life span of the packaged 
bacteria was only around three months 
—after that the product was worthless. 

The short shelf-life made the prod- 
uct costly to manufacturer and con- 
sumer. It prevented overseas shipment 
to foreign markets. 

Lederle purchased from DPI high 
vacuum sublimation equipment for 
dehydrating the product. This treat- 
ment, so well known to DPI engineers, 
improved the stability and extended 
the "life’' of the packaged bacteria 
from three months to a year. 


Distillation Products, Inc. 

75' RIDCE ROAD WEST, ROCHESTER 13, N. Y. 

jDzsiiJlers oi Oil-Solohle Vifamias and Other Concentrates ior Science and Industry; 
Afanu/actlWiars of fffgrA- Vnrryim m Krpi ipmi>Tjf, 


Uses for high vacuum range all the 
way from atomic research to the manu- 
facture of cosmetics and ornaments 
for the ten-cent store trade. 

There may be surprising ways high 
vacuum can work for you— in reducing 
manufacturing costs — in improving 
your product — or in converting seem- 
ingly worthless by-products into profita- 
ble commodities. We invite inquiries. 



BIOS VACUUM RJS S JEARCJfM 
AtiD ENGINSERINO 
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For centoies man has dreamed 
of the conquest of Space. In the 
works of Jules Verne and H. G. 
Wells we have had a brief, imagi- 
native look at the excitement of 
interplanetary travel. 

Today space travel is no longer 
a fantastic dream. Science and en- 
gineering have gone far beyond 
the technical fmnblings of early 
writers, and it is not unlikely that 
in the next fifty years someone 
will arrive at the moon. Radio 
waves have already been reflected 
from this whistle stop in space, 
and in your lifetime some sort of 
missle will no doubt be sent there. 


Much work remains to be done 
— nothing comparable to another 
Oak Ridge, however — but intelli- 
gent people are working seriously 
on problems of space ships and 
means for travel in atmospheres 
like the moon. 

National Research has, for some 
time, been concerned with prob- 
lems relating to space travel — 
problems not too far removed 
from many encountered in the 
high vacuum field. To name a few: 
altimeters for use above 200,000 
feet, speedometers for use beyond 
the sonic range, gas-free metals for 
rockets, analysis of components of 


the upper atmosphere, and simu- 
lation of upper atmosphere con- 
ditions in the laboratory. 

Our research organization is al- 
ways interested in the develop- 
ment of new industrial processes 
or ideas, particularly those where 
real imagination or, in many 
cases, 'The courage of ignorance'' 
is required. We have accumulated 
a great background of experience 
in tackling research jobs for our- 
selves and other organizations, 
and we always welcome an oppor- 
tunity to become involved with a 
new project that at first appears 
impossible to solve. 


INDUSTRIAL RESEARCH PROCESS DEVELOPMENT 
HIGH VACUUM ENGINEERING Sc EQUIPMENT 
Metallurgy — Dehydration — Distillation — Coating — Applied Physics 

NATIONAL RESEARCH CORPORATION 

seventy memorial drive C ambridge, Massachusetts 

In the United Kingdom, BRITISH-AMERICAN RESEARCH, LTD., Londpn SW. 7, England-Glasgow S W. 2, Scotland 


10 



DECEMBER 1949 


SCIENTIFIC 

AMERICAN 


VOL. 181, NO. 6 


THE NOBEL PRIZES 

Although they are given in literature and peace as well 
as science, they have mainly reflected a scientific age. 

A history of the science prizes and how they were begun 


i)y George W. Gray 


N O one knows what chain ol events 
shaped the munificent will of Al- 
fied Nobel, but it seems likely 
that the Nobel prizes owe their genesis 
to an advertisement which appeared, 
luisSignod, in the Vienna Ncue Freie 
Presse in 1876: 

'‘Elderly, cultuied, wealthy gentle- 
man lequiies equally matin e lady, 
linguist, as secretaiy and super- 
visor of household in Pans.'* 

This want ad briefly bi ought into 
Alfred NobcFs household a lady named 
Beitha Kinsky, who was to exeicise a 
dctei mining influence upon him. Al- 
though she seived as his secretaiy only 
a few days, then eloping to Vienna for 
maruage with young Baron von Siittner 
and journeying eastwaid to a distant 
home beyond the Black Sea, Nobel con- 


ceived an immediate admiration lor her 
which theii* sepaiation never diminished. 
The Dynamite King wrote many letteis 
to “My dear Baroness and Friend.** Even 
when she became a vigorous apostle of 
pacifism in the 1880s, Nobel, then chief 
explosives munitioner to Lhe ainiies of 
Europe, losponded warmly. When Bei- 
tha*s piopaganda novel Lay Down Arms 
was published in 1889, he wiote hei an 
enthusiastic letter of congratulation, 
“The chaim of your style and the gran- 
deui of your ideas,** he glowed, “aie now 
and will always be carrying much faither 
than all the Labelles, Noidenfeldts, de 
Banges, and other tools of Hell.** 

These benevolent words did not mean 
that the man who made the smokeless 
powder that poweied the Noidenfekit 
guns was leady to come out for disarma- 
ment. Nobel, who all his life piofessed 


hatied of war, had a diffeient formula: 
peace through fright! ulness. In the first 
week of then acquaintance, he had said 
to Boitha, “I wish I could invent a sub- 
stance 01 a machine with such capacity 
for dcstiuctiou that wais would thereby 
become altogether impossible.** Yeais 
latci, when they were strollmg along the 
shoie of Lake Zurich and Berlha twitted 
him about his “dynamite iaclories,** No- 
bel retoited; “Perhaps my factories will 
end wai sooner than your peace con- 
gresses.** 

It wa.s, however, dining thisS same 
1892 meeting at Zurich, where the von 
Suttners were NobePs guests, that the 
Nobel prizes got theii start. At dinner 
one day the munitions maker challenged 
tire Baroness: “Infoim me, convince me; 
then I will do something great for the 
movement.*’ She was quick to seize the 



NOBEL MEDAL 


THE NOBEL PRIZES IN SCIENCE FOR 1949 

Physics: To Hideki Yukawa, Japanese theoretical physicist, 
now a visiting professor at Colimihia University, "“for liis jiredic- 
tion of the existence of the meson, based upon liis tlicory of 
nuclear forces.” Di. Yukawa is 42. 

Chemistry: To William Francis Giauque, Canadian-horn pliysi- 
cal chemist at the University of California, his contribution 
to chemical thermodynamics, especially for his investigations of 
the properties of substances at extremely low tcmperaluresP’ 
Dr. Giauque is 54. 

Physiology and Medicine: One half to Antonio Caelano cle 
Abreu Freire Egas Moniz, professor emeritus of neurology at the 
University of Lisbon, principally for his development of the 
psychosurgical operation prefrontal lobotomy. Di\ Egas Moniz 
is 75. One half to Waller Rudolf Hess, director of Zurich Univer- 
sity’s Physiological Institute, “for his discovery of the functional 
organization in the diencephalon [between-brain] for coordina- 
tion of the activity of internal organs.” Dr. Hess is 68. 
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NOBEL’S WILL was drafted in his oavti hand on November 27, 1895. Most 
of it deals with the prizes (see text of article) . The last paragraph reads: 
'Tt is moreover my express will and injunction that my veins shall be opened 
after my deatli, and that when this lias been done, and competent doctors 
have noted signs of my deatli, my body shall be burned in a crematorium.” 


oppoi timity, but altei days ol dueling 
with the wit and hardheaded skepticism 
of her host, Beitha went home feeling 
that she had failed. The following janu- 
aiy, however, came a siii prising New 
Yeai’s letter from Nobel: 

‘‘I should like to allot part of my for- 
tune to the formation of a prize fund to 
be distributed m every period of five 
years (we may say six times, for if we 
have failed at the end of 30 years to re- 
form the present system we shall inevita- 
bly leveit to barbarism). This prize 
would be awaided to the man or woman 
who had done most to advance the idea 
of general peace m Euiope. I do not refer 
to disarmament, which can be achieved 
only by slow degiees. I do not even 
necessarily refer to compulsory arbitia- 
tion between nations, but what I have m 
view is that we should soon achieve the 
result—undoubteclly a piactical one— that 
all states should bind themselves abso- 
lutely to take action against the first ag- 
gressor. . . /’ 

Thiee months later, on March 14, 
1893, Nobel drafted the fiist version of 
Ins will. It left his residuary estate to 
the Royal Academy of Science at Stock- 
holm, directing that the Academy make 
an annual dislnljution of the income '‘as 
a leward for the most important dis- 
coveries or achievements in the wide 
field of knowledge and pi ogress, excliid- 
ing physiology and medicine.” The will 
commended for special consideration 
“such persons as are successful m com- 
batting by word and deed the peculiar 
prejudices still cherished by peoples and 
governments against tlie inauguration of 
a Euiopean peace tribunal.'’ 

No one knows why this will departed 
so far from the plan outlined in his New 
Year's letter to Beitha, what decided him 
to ofler an unspecified number of prizes 
for contributions in a wide field instead 
of one prize for the advancement of 
peace. At all events, the ailing, aging 
millionaire, who had now icUred fioin 
active management ol his vast business 
scatteied over eight countries, soon be- 
gan to worry about his will. Perhaps it 
was too loose, not sufficiently specific. 
Pie legretted excluding physiology and 
medicme. He resolved to write a new 
will. Despite a severe heart ailment, he 
journeyed from his San Remo villa in 
northern Italy to the Swedish Club in 
Paris and, disdaining lawyers, as he did 
physicians, he composed the document 
himself. Four of his cronies at the Swed- 
ish Club witnessed his signatme on No- 
vember 27, 1895, and he carried the 
paper back to San Remo, The heart at- 
tacks increased in intensity. On Decem- 
ber 10, 1896, he collapsed at his desk. 

Bertha learned of his death, as she 
had met him 20 years before, through a 
newspaper. The obituaries all carried 
sm*mises as to how Nobel had disposed 
of his milhons, with hints of great hu- 
manitarian projects, hut nobody knew 
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the actual contents ol the will until it 
was opened a few days aitei the (uncial 

Nolicrs Will 

When the will was read, it made head- 
lines all ovei the woikl. Aftci some minor 
bequests to relatives and otheis, AKred 
Nobel directed that the lesidue ot his 
estate be invested in sale secmities, and 
that the inteiest acciumg horn this capi- 
tal he cnoarded annually in prizes to 
those peisons who shall have contributed 
most materialhj to benefit mankind dur- 
ing the year immediately preceding The 
said interest shall be dioided into five 
equal amounts to be apportioned as fol- 
lows. 

One share to the poison who shall 
have made the most important discoveiy 
or invention in the domain of Thy sics, 

One shaie to the person loho shall 
have made the most important Chemical 
discovery or improvement; 

One share to the person who shall 
have made the most important discovery 
in the domain of Physiology or Medi- 
cine, 

One share to the person loho shall 
have produced in the field of Literature 
the most distinguished work of an ideal- 
istic tendency, 

And, finally, one share to the person 
who shall have most or best jiromoted 
the Fraternity of Nations and the Aboli- 
tion or Diminution of Standing Armies 
and the Formation and Increase of Peace 
Congresses. 

The will asked the Royal Academy ol 
Science to be lesponsible loi selecting 
the winiieis in physics and chemistiy, the 
Karolinska Institute ol Medicine in 
Stockholm to do the selecting in physiol- 
ogy and medicine, the Swedish Academy 
(of Letteis) to choose the winners in 
liteiatuie, and a committee ol the Nor- 
wegian Parliament to award the peace 
prize. It specified that in'awardmg the 
prizes 'hio consideration whatever be 
paid to the nationality of the candidates.” 

It was magnificent— and breath-taking. 
“Could we have believed that Mammon, 
Mammon spuing from dynamite, should 
be so ennobled'^” wiote a Pans corre- 
spondent. The scope of the benefaction 
was unprecedented. The Cecil Rhodes 
scholarships, tlie Rockefeller and Carne- 
gie Foundations and other large inter- 
national philanthropies were still m the 
future. Univeisities and learned societies 
had long given piizes for the encourage- 
ment and reward of intellectual achieve- 
ment, but never on such a lavish scale 
or with such broad eligibility. Alfred 
Nobel was truly a trail blazer when he 
composed his last will. 

His Swedish nephews and nieces, 
children of his deceased brother Robert, 
who had been left a puny f S,000 each, 
brought suit to break the will. The law- 
suit never came to trial. It was settled 
out of court by a stipulation that granted 


the Swedish hens “ceitam pecumaiy ad- 
vantages” which were never made public 
but weie imdei stood to be substantial. 
Beyond this opposition within the lam- 
ily, thcie was poweiful opposition from 
the conseivative element in Swedish 
politics, including some membeis of the 
Goveinment who weie suspicious of 
Noiway. 

Thoie wcie other problems. It is a 
pity that Nobel did not call in a lawyei 
to dialt the will. Although to a layman 
Nobel’s intentions would seem cieuily 
cxpicssed, a legal mind could point to 
many ambiguities, loopholes and omis- 
sions, any one ol which might provide an 
opening toi litigation Foi example, to 
wliom was the rcsiduaiy estate willed? 
The academics, institute and parliament 
were empowered to select the piize wm- 
neis, but who was to hold the huge tiust 
fund and manage its investment ovei the 
years? What specific criteiia weie to be 
a^Dplied in selecting the piize winners'^ 
Altogether moie tlian thiee years were 
consumed in the delicate negotiations, 
public hearing.s and legal icd tape that 
weie necessary to bring the various in- 
terests to agiecmcnt and embody this in 
a code ol statutes. Finally, m June of 
]9(){), all disputes had been ironed out, 
the code of statutes was confirmed by 
King Oscar II, and the Nobel Foundation 
began to function as the bolder of No- 
bel’s legacy and the admmistialoi of his 
inteiilions, 

By that time the legacy had been 
somewhat diminished. In addition to the 
money paid the Swedish heus, millions 
of kroner had been spent in lawyers’ fees 
and othei expenses. For the Foundation 
and the piizes there i emained 27,716,243 
kroner, equivalent to $7,427,953. This 
does not seem a large fortune by piesent- 
day standards, but in 1900 it was enoi- 
mous. The thrifty Swedes were shocked 
by the thought that the interest on this 
amount was to be distiibuled among only 
five peisons. It was inci edible, many ar- 
gued, that Nobel could have intended to 
distribute such extravagant pnzes. But 
one ol his close friends, an associate who 
had witnessed the signing of the will, 
declared under oath. “His desire was, 
as he always stated, to place those whose 
woik showed promise in a position of 
such complete independence that they 
would be able to devote theii whole 
energies to dien woik.” 

NobcTs Intentions 

It will always be a moot question how 
closely the clistiibution ot the Nobel 
prizes has conformed to Alfred Nobel's 
intentions. Some of his stipulations ad- 
mittedly were difficult, if not impossible, 
to fulfill. He specified tliat each prize be 
given in recognition of services rendered 
during the previous year— but who is 
omniscient enough to know which of the 
workers in physics, chemistry and biolo- 


gy “contiibutcd most materially to bene- 
fit mankind dm mg the year immediately 
preceding’”'^ A discoveiy in science usu- 
ally takes Irom two to 10 yeais, some- 
times longer, to prove its value. It was 
finally agieed, in the code of statutes, 
that the qualification “during the ye in 
immediately preceding” was to be intei- 
pieted as meaning that woiks ot eailier 
yeais whose impoitance had just been 
demonstialed weie also to be consid- 
ered. 

The first Nobel prizes wcic awarded 
m 1901 During the preceding year Mux 
Planck had published his i evolutionary 
quantum theory, m 1898 Pieiie and 
Mai 1 C Cuiie had disco vcied radium; in 
1897 y y. Thomson had discovcied the 
electron, in 1896 Ilenri Beccpieiel had 
discoveied ladioactivity. But foi the fiist 
Nobel piize m pliysies the Swedish Royal 
Academy ot Science chose none of these, 
it went back to an eailici discovery and 
made the awaicl to Wilhelm K. Rontgen 
for his discovery ol X-rays in 1895. ITis- 
toiians will probably agicc that it was 
fitting lor the first award to go to Rbnt- 
geii, toi his X-iays were the cock’s crow 
ol the icvolulion m physics. His discov- 
ery spill red Bec([ucrcl to lenewed ex- 
pel iments with uuiuium, illuminated 
Thomson’s seaicli loi the election and 
eonlrilnited impoUantly both to the Cu- 
ues and to Planck, (All these persons 
eventually icccived Nobel piizes— Boc- 
quorel and the Curies m 1903, Thomson 
ill 1906, Planck in 1918 ) In naming 
Rbutgen, the piizc-givcis lecogmzcd the 
opening discoveiy in tlie brilhani sc- 
cpience ot findings that ovei turned 
classical physics— the first step in the 
fateful march to oiu Atomic Age. 

The other 1901 Nobel prizes m science 
were for woiks of even oklei vintage. 
J. H. van’t PI oft received the chemistiy 
prize foi discoveries m chemical thermo- 
dynamics and osmotic pressuie which he 
had made m the 188()s; E. A. von Rein- 
ing was awarded the prize in physiology 
and medicine lor his antitoxin against 
diphtheria, discoveied 10 years before. 
Indeed, in the whole history of the Nobel 
science prizes there is just one instance 
ol an award for a contribution of the 
previous year, the piize in physiology 
and medicine awarded jointly to F. G. 
Banting and J. ]. R. Macleod m 1923 
for the discovery of insulin, which they 
and their co-woikeis, G. H. Best and 
J. H Gollip, had announced in 1922, 
Usually the Nobel accolade has been 
given foi achievements five to 10 years 
old. The average age of the winners in 
science has been: physics, 46 years; 
chemistry, 49; physiology and medicine, 
54. Sir Charles Sherrington was 71 years 
old and Thomas Hunt Morgan 79 when 
prizes were awarded them. 

This brings up a question. Was it 
Alfred NobePs intention to reward great 
figures who had already anived, or was 
he primarily concerned with encourag- 
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LAUREATE 

A A Michelson 
Alexis Carrel 
T W Richards 
R A. Millikan 
A H Compton (one half) 
Karl Landsteiner 
Irving Langmuir 
T H Morgan 
G H Whipple (one third) 

G R Minot (one third) 

W. P Murphy (one third) 

H C Urey 

C D. Anderson (one half) 

C J Davisson (one half) 

E O. Lawrence 
E, A Dotsy (one half) 

Otto Stern 
1. 1 Rabi 

Joseph Erlanger (one half) 

H S Gasser (one half) i 
Wolfgang Pauli ^ 

P.W. Bridgman 
J B. Sumner (one 
J H. Northro|:^X^r^^^rth) 
W. M. Stdhie^^Qsi^^urth) 
H. J. Muller 
C F Cprv (o^lfourth) 

Gerty Cprf;l^fen^ fourth) 

W. F. 


INSTITUTION 

University of Chicago 
Rockefeller Institute 
Harvard University 
California Institute of Technology 
University of Chicago 
Rockefeller institute 
General Electric Laboratories 
California Institute of Technology 
University of Rochester 
Harvard University 
Harvard University 
Columbia University 
California Institute of Technology 
Bell Telephone Laboratories 
University of California 
St. Louis University 
Carnegie Institute of Technology 
Columbia University 
' '.^Washington University 

'v-<» Advanced Study 

Rockefel^^&^^te 
Rockef el leV 

University of ln^ipFlIa ^ 
Washington UjNtJ^erlEty^ 
Washington Unvyer^ty^/ 

University of Caiifoftrf^i 


GRAND 

TOTAL 


124 PRIZES 
158 PERSONS 
20 COUNTRIES 



PHYSICS 


i V U-S. . , I 

Great Britain i . | 


I iiiiil|i;;^:SwedehV; 

iiil' 


• - - fl 


Netherlands 


Switzerland 


' "'' B 




CHEMISTRY 


PHYSIOLOGY, 


TOTALS 


PersonS^"i:?N’ 


Prizes 

^^Rfizes 

Persons 

12 

^18 


331/2 

38 

10 



2oy2 

29 

12 



20 

28 

6 



iiy2 

16 

2 

1 m ^ 

1 7 1 

71/2 

8 


ill 


Italy 
Belgium 


Canada 


Finland 


Hungary 


India 


Japan 


Russia 


Argentina 


Portugal 


Spain 


■ 
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MANY COUNTRIES have shared the prizes in science. bottom. Although a number of foreign-born winners are 
A-list of U. S. vrinners is given at the top of this page. credited to the U. S., the 1949 prize of Columbia’s visit- 
The distribution of prizes among all countries is at the ing professor Yukawa has here been credited to Japan, 
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mg young scientists ol imusiial brillnmce 
and acliievement? Wc lecall the state- 
ment by a witness to the will that Nobel’s 
desiie was to place those whose woik 
showed piomise m a position of inde- 
pendence; another witness lepoited that 
Nobel once lemarked* “I would not 
leave anything to a man of action, since 
he would be tempted to abandon woik 
On the othci hand, I would like to help 
di earners, loi tliey find it haid to get on 
in life.” It would be mteiesting to check 
the list to see liow many awaids have 
gone to dieamcis who wcie finding it 
haul to get on in life. Perhaps Hermann 
y. Mullei might have qualified 20 years 
ago when he had just discoveied the ef- 
icct of X-iays in inducing genetic muta- 
tions and was laboring on a meager 
Univeisity ol Texas salary to extend his 
experiments. Within five yeais Mullei ’s 
discoveiy opened up a new chaj^tei in 
the study ol genes. But no Nobel com- 
mittee of awaid looked his way dm mg 
those yeais ol stiuggle, and he earned his 
dieam from Texas to the U.S.S.R., and 
tlien, disillusioned, was a retugee in 
Scotland tor thiec years bclorc a le- 
seaich post was found loi him in the 
U, S. At last m 1 946, in his 56th year and 
a lew months alter he had been ap- 
pointed a jirolessor at the University of 
Indiana, the Nobel authorities decided 
that the work he had done in Texas in 
1926 deserved a piize. 

It must be admitted that the dilficulty 
of picking the youthful dreameis who 
aie going to benefit mankind is enor- 
mous Moieovei, di earners aic not pei- 
mitted to submit then dicams in appli- 
cation foi a piize. “A candidate lor a 
piize must be proposed m writing by 
some duly cpialificd person,” says the 
code of statutes. “A diiect application 
will not be taken into consideration.” The 
list of duly cpiahfied persons designated 
as competent to nominate candidates in- 
cludes memhcis ol the academy that 
awaids the piize, lormei Nobel prize 
winners, ceiiain professors in Scandina- 
vian um ^ersities, and selected persons m 
outside countries. The lattci arc appoint- 
ed for 12 months, so theie is a new group 
each year. To assist in selection ol the 
1949 winner in physics, 237 scientists 
outside of Sweden, including 42 in the 
U. S., weie invited to propose candi- 
dates. In chemistiy, the coriesponding 
figures are 285, with 42 fiom the U. S.; 
and m physiology and medicine, some 
700, of whom 200 are Americans. 

Sharing tlic Prizes 

The youngest peison to receive a 
Nobel award was William Lawience 
Biagg, who was only 25 in 1915 when 
the prize in physics was awaided jointly 
to him and his world-famous father. Sir 
William Hemy, for the ingenious meas- 
lu'ements of the wavelength of X-rays 
in which the father and son collaborated. 


Next youngest weie P. A. M. Diiac, 
Call D. Anderson and Weiner Heiscn- 
beig, who became laureates at the age 
of 31. Of these only Pleisenberg got a 
full piize. Dirac was awarded the piize 
in physics jointly with Eiwm Schrodin- 
gei, who was 46, and Andcison shaied 
his With Victoi F. Hess, 53 

Theie is nothing m the will to indi- 
cate that Allred Nobel intended a piizc 
to be split. The testament plainly diiects 
that the annual income is to be divided 
into five equal shaies, and that one shave 
IS to he given to each ol five persons 
The idea ol dividing a piizc originated 
with the Swedish nephews and nieces 
who tiled to lireak the will and com- 
piomised on an out-of-court settlement. 
In this settlement they stipulated, among 
other provisions, that 'fin no circum- 
stances should a prize be divided into 
moie than three piizes.” The prizc- 
awaideis have frequently taken advan- 
tage of this permissive stipulation. Nine 
of the prizes in physics, six m chemistry 
and 12 m physiology and medicine have 
been split among two or thiee peisons. 

This sharing of the prizes has not se- 
uously discommoded anyone. The 
money value of an award, which vanes 
from yeai to year according to the in- 
come horn the capital, ranges lietwecu 
.$30,000 and $40,000, and oven a thiid 
oi that IS a sulislantial lewaid. More- 
over, while the money mav be fracLion- 
aled, the honor is not. No one is ever 
dcsciibed as a one- third Nobel piize win- 
ner. 

The idea of joint awards is entirely 
consistent with the method as well as 
the hisloiy of science, since no scientist 
works alone, but each is part of an inter- 
national whole Often, as in the case of 
the Braggs, more than one person was 
dnectly responsible for the work re- 
warded. Sometimes a lesult by one sci- 
entist hinged on an earliei achievement 
by anothei. Thus George PI. Whipple’s 
experiments with anemia in dogs pro- 
vided the basis for Geoige R. Mmol’s 
experiments with liver therapy in the 
tieatment of pernicious anemia in hu- 
man beings, recognizing this interde- 
pendence, the Kaiolmska Institute 
awarded the 1934 prize in physiology 
and medicine jointly to Whipple, Minot 
and Minot’s assistant, William P. Mur- 
phy. 

Invcnlovh and Discoverers 

Allied Nobel was an inventor; he held 
patents on more than SQO inventions be- 
sides dynamite, smokeless powder and 
the detonator. He specified that the pi’ize 
in physics should be given for 'Miscov- 
eiy” or “invention,” and the prize in 
chemistry for “discovery” or “improve- 
ment”; only the prize in physiology and 
medicine was restricted to “discovery,” 
It is only natural, however, that the 
basic discoveries of knowledge from 


which inventions flow have attracted the 
majoi attention ol the committees ol 
award. The inventors awaided N()l)c] 
prizes have been few: Gnglielmo Mar- 
coni and Carl F. Biami for inventions in 
the field ol ladio, C. T. R. Wilson lor his 
cloud chambei, E. O. Lawrence loi his 
cyclotron, Fiitz Habei loi his nitiogcn- 
fixation piocess; Call Bosch and Fiicd- 
rich Bergiiis jointly loi ^extending and 
exploiting Haber’s piocess All these 
were brilliant achievements; but il you 
were asked to list the most important in- 
ventions ol the last half-century in the 
ordei of their seivice to mankind, would 
you put any one ol them at tlie head ol 
the list? It seems to me that two contri- 
butions III the domain of physics in the 
20th century towei above all others. 
They aie the invention ol the airplane 
and the discoveiy of atomic cneigy. liar- 
old C. Urey has said that to find human 
achievements comparable in importance 
lo these it is necessaiy to go hack to 
piehistonc times— to the invention of the 
wheel and the boat and to the discoveiy 
of flic. Atomic cneigy was recognized bv 
the award of a Nobel prize to Otto Halm 
in 1944 tor the discoveiy ol nuclear fis- 
sion, but the iuvcntoi of the an plane 
went to his grave unci owned 

The Mihsiiig 

The 1 osier ol Nobel laiuoales is stud- 
ded with the names ol great and de.serv- 
edly illustuous persons— some di earners, 
some men ol action, a lew true geniuses 
—but theie aie giants missing irom the 
list. Foi example, the most lundamenUil 
contribution to the physical sciences that 
has come out of America was the woik 
of J. Willaid Gibbs, professor of mathe- 
matical physics at Yale Univeisity during 
the last quailer of the 19th century. 
Gilihs had no laboi alary; he performed 
no experiments; his only tools were paper 
and pencil, a piece of chalk and a black- 
board at which he worked out bis matbe- 
matical formulas. Between 1873 and 
1878 he pioduced a sciies of papcis on 
the application of thermodynamics to 
chemical phenomena which revolution- 
ized the science. He is the father ol 
physical chemistry. The phase rule 
which he discovered became m a few 
yeais one ol the most poweiful tools of 
chemical reseaich and engineering. The 
work of Wilhelm Ostwald, of Haber, 
of Bosch and Bergms, each of whom 
leceived a Nobel prize, was based di- 
rectly on the application of Gibbs’ con- 
cepts; indeed, the very first Nobel prize 
in chemistry went to a follower (van’l 
Hoff) m the field that Gibbs had pio- 
neered. It seems an egregious error of 
judgment that the Nobel prize-givers, 
whose later choices included men botli 
older and less distinguished than this 
“Newton of chemistry,” passed him by. 

Most of the Nobel prizes in science 
have been given for the discovery of a 
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ALFRED BERjNHARD NOBEL wrote liis close friend Baroness von SiUtiiei 
{ below) : '*! should like to allot part of my fortune to , . . the man or 
woman who had done most to advance the idea of general peace in Europe.” 



BARONESS VON SUTTNER, who as Bertha Kinsky had served as Nobel’s 
secretary for oidy a few days, greatly influenced him in later years. She was 
a pacifist who in 1889 wrote a propaganda novel called Lay Down Arms, 


paiticular plienomenon, paiUcle, lav, 
hormone, vitamin, antitoxin, oi tor the 
lecognition of new behavior m alieady 
known phenomena. There is another 
kind of research result which is moie 
fundamental, moie dilBcult to arrive at, 
and therefoie less frequent. This is the 
discovery of the laws or piinciples which 
unite many phenomena under one geiv 
eialization. Gibbs' law of chemical ther> 
modynamics is of this kmch it brought 
about the inainage of physics and 
chemistiy. Einstein's theoiy of lelativity 
IS anothei biilliant example of generali- 
zation; yet when the Nobel authorities 
chose Albert Einstein to receive the 
1920 prize in physics, they made no 
mention of relativity but specified that 
the award was given particular for 
his discovery of the law of the photo- 
electric eftect." 

One of the gieat generalizations of 
modern physiology is the principle of 
homeostasis, and mention of the word 
instantly calls to mind Walter B. Can- 
non. This Haivard professor of physiolo- 
gy was the first to lecognize the self- 
balancing mechanism of nerves and in- 
teinal secretions, and he gave it its name 
His geneializations put the functions 
of the sympathetic nervous system to- 
gether into a cohcicnt and understand- 
able scheme. While Cannon locused his 
laboratory studies on the sympathetic 
nervous system, Otto Loewi at the Uni- 
versity of Graz, in Austria, was investi- 
gating the action of the paiasympathetic 
nerves, and Sii Henry Dale at the Uni- 
versity of London was exploring the 
transmission of neive impulses to the 
skeletal muscles. It seems a stiange case 
of judicial myopia that when the prize in 
physiology and medicine was awaided 
jointly to Loewi and Dale in 1936 foi 
“their discoveries relating to chemical 
tiansmission of nerve impulses,” Can- 
non's equally important work in this field 
was ignored. 

No mathematician has received a No- 
bel piize, although mathematics is fun- 
damental to physics and chernistiy, and 
IS now in process of being applied to 
physiology. Nor has the honor ever gone 
to an astrophysicist~and surely astro- 
physics IS a pait of physics. Among the 
mathematicians who lived and wxnked 
well into the 20th century, Henri Pom- 
care of France and George Birkhoff of 
the U. S. were unquestionably of Nobel 
stature. Among astrophysicists, the work 
of Johannes Kapteyn, Willem de Sitter, 
Edwaid Pickering and George Ellery 
Hale was of a character to place them 
among the immortals 

Despite these omissions, the series of 
Nobel awards portrays as m a grand 
panorama the past half-century of phys- 
ics, chemistry and biology. The work of 
scientists is so intei related that the names 
chosen automatically suggest the missing 
ones. Checking over the list of the 154 
persons who have received or shared in 


a Nobel seience prize, one is impicssccl 
with the sLeaclv, almost conlmuous ad- 
vance of^ knowledge, and with the mag- 
nificence ot the total achievement. From 
its contemplation theie aiisos a sense ol 
gi andevn 

I have ventuied no comment on the 
awaids m hteiature and in peace. Such 
appraisal calls lor the specialized ic- 
sources ol the literal v ciitic and the po- 
litical scientist But one obseivatiou 
seems clcai wheicas in science the task 
IS complicated by the abundance ol 
eligible candidates, m hteiatuie and 
peace the proiilein seems to be pist the 
opposite, a scaieity. As Gilbeit Muriay 
said a dozen yeais ago, compaiing the 
lain cates m science with those in liteia- 
tiue, “This age is clearly better at science 
than at poetiy.” Then he added, “In the 
list of peace piizes, the fiist thing that 
attiacts attention is the number ot times 
in which it could not be awarded at all.’' 

National Scoies 

Fiom the fiist year, when Rent gen 
and von Behring received the awaids in 
physics and physiology, Geimany has 
held tlie lead in the number ol Nobel 
joiizes, seveuil times it has won two and 
twice three m a single yeai. The Kaiser 
took a keen peisonal mteicst and saw to 
it that Gennau achievements weie 
bi ought to the attention ol the Nobel 
committees. ( [t is said that Emperoi 
Willie Im thought ol himsell' as a suitable 
candidate foi the peace prize, and was 
eniaged to leain that his cousin Czai 
Nicholas 11 had been consideied while 
he was ignoied.) Even dm mg the Nazi 
period of intellectual decadence—when 
Hitler, i aging against the “insulting” 
awaid of the peace piize to a prisoner in 
one of his concentration camps, forbade 
German citizens thereaftei to accept No- 
bel awards—Geiman scientists continued 
to attract the favorable notice of the 
Noliel judges. Including the hteiature 
and peace awaids, Geimans won dO/i 
piizes, shaied among 46 peisons, 
through 1948. The U. S. stands second, 
with 30/a piizes distiabiited among 41 
persons and one organization, the 
American Friends Service Committee. 

Thiee of the Geimans declined then- 
prizes because of Hitlei’s ban on Nobel 
awards. They weie Richard Kuhn 
(chemistry^ 1938), Adolf Biitenandt 
(chemistry, 1939) and Gerhaid Domagk 
(physiology and medicine, 1939) . Short- 
ly aftei the war, Dr. Domagk wrote the 
Kaiolinska Institute a letter of explana- 
tion and apology, and the Institute gave 
him the diploma and medal which regu- 
larly accompany a prize. It was unable 
to give him the money, because the code 
of statutes provides that if a lameate le- 
nounces the prize or fails to claim it 
within 10 months, the amount shall re- 
vert to the Nobel Foundation’s capital 
fund. Drs. Kuhn and Biitenandt ex- 


picssed then legiets to the Royal Acad- 
emy ot Science last Decembei, and they 
too got medals and diplomas. 

It IS customary to account a Nobel 
piize to the nation in which the winner 

15 a lesident at the time of the awaid. 
Thus Germany is ci edited with the 
chemistiy piize given Petei J. W. Debye 
m 1936, although Di, Debye was boin 
and educated and did much of his le- 
siaiich woik in Holland, he was directoi 
ot one ot the Kaiser Wilhelm Institutes 
m Geimany at tlic time ot his Nobel 
awaid Bntaiii gets credit toi the 1945 
awaid 111 physiology and medicine to 
El list B. Chain, a lelugee horn Geimany 
who was woikmg at Oxtoid when named 
loi the prize The U. S. list also includes 
a lefugee, Wolfgang Pauli ol Austiia, 
who leceived the 1945 puze in physics 
w'hile he was a meinbei of the Institute 
foi Advanced Study at Pimcetoii. Elie 
Ivletchmkoff always rated himself a Rus- 
sian, but he was directoi of the Pasteur 
Institute in Pans when the phy.siology 
piize came his way, and it was ci edited 
to Fiance. The only othei Russian to re- 
ceive a science piize was Ivan Pavlov, 
distinguished inv^estigatoi of the condi- 
tioned reflex. 

The standing of the nations in the sci- 
ence awards and the complete list ol 
U. S. wmncis in science aie on page 14. 
The most stukiug point about the U. S. 
list IS the acceleration of awards to 
Amcucans in lecent ycais. In tlic first 

16 years of the Nobel prize.s', only three 
scientists in the U S. received awaids; 
during the next 16 years theie weie lour; 
but m the past 16, ending in 1948, there 
weie 20. In 1946 all three prizes in sci- 
ence went to the U. S. Moieover, many 
Nobel laureates of other countries have 
moved to America, among them Ein- 
stein, Pless, Debye, Enrico Feimi, James 
Fianck and Otto Meyerhof More Nobel 
piize wmneis are now rCvSident in the 
U. S. than in any othei coiintiy. 

The Foundation 

The code of statutes which governs the 
Nobel Foundation’s administration of 
Alfred Nobel’s legacy requires that one 
tenth of the annual income be added to 
capital. It also specifies that prize money 
which lapses, due to failuie of the laure- 
ates to accept or of the judges to awaid 
piizes, must i evert to the main fund and 
be invested as income-bearing capital. In 
this way the $7,427,953 with which the 
Nobel Foundation began business in 
1900 has grown m 49 years to $9,900,- 
520. 

Income from tliis fund not only pro- 
vides the five Nobel prizes and pays the 
expenses of admmisti'ation and selection 
but also supports tlnee Nobel Institutes, 
established “as an assistance in the in- 
vestigations necessary for making their 
awards, and for the promotion in other 
ways of the aims of the Foundation.’" 


They aie the Institute ol Physical Sci- 
ences, which selves the Royal Academy 
of Science, the Institulc ol Biology, con- 
nected with the Karolinska Institute, and 
the Noliel Peace Institute in Noiway. 
The scientific Institutes cany on active 
progiams ol research, thus the Nobel 
ioitunc not only icwaids lesearchers for 
past achievements but also suppoits our- 
leut woik m its own Institutes, 

The Nobel Foundation, coordinating 
agency loi all these activities, occupies a 
building of si\ stones on the Stuiogatan 
m Stockholm. It is governed by a fivc- 
man board ol control, consisting ol one 
mcmbei appointed by the King ol 
Sweden and one by each of the lour 
agencies that select the piizc winners 
King Gu.stavus V of Sweden from tlic be- 
ginning ha.s taken a lively interest in the 
Nobel prizes, us indeed luive all Swedes 
and most ol the Scandinavian people. 
The annual turning of all eyes toward 
these noithein counlnes for their judg- 
ment on the earth’s great is a matter ol 
imdeis Laudable piide to them. 

No lecnircnt event m the intclleclual 
world is so avidly awaited by so many 
people as the annual announcement ol 
the Nobel awaids; no term al honor con- 
lened by man carries such distinction as 
a Nobel piize. The awaids arc presented 
on the lOth ol Decembei, tlic anniver- 
sary of Allied Nobel’s death. The peace 
juize IS given at a lormal ceremony in 
Oslo; the physics, chcinistiy, physiology 
and medicine and literature prizes in 
Slockliolm. Al the latter ceicmouy tlic 
King of Sweden personally delivers to 
each of the winners his reward— a 
diploma, a gold medal and a certified 
check lor the piize money m Swedish 
kroner, 

It is doubtlul that Alfred Nobel, weie 
he living, would attend this ceiemonial 
affair in the Stockholm Concert Hall. A 
shy, nervous man, he shrank from par- 
ticipating in formal gatherings. Although 
he usually wore the red rosette of the 
Legion of Plonoi m the lapel ol his black 
frock coat, he always ridiculed decora- 
tions and honois. On one occasion he 
said. “I owe my Swedish Order of the 
North Star to my cook, whose skill won 
the approval of an eminent stomach.” 
He avoided publicity, invaiiably lefused 
to be interviewed by the press, and de- 
spised self-advertisement. Yet surely no 
otlrei man in modern times has raised so 
wide-known a memoiial to himself. Year 
after year, as long as civilization stands, 
Scandinavia’s annual weighing of human 
achievements will serve not only to rec- 
ognize and honor those who have madd 
unusual contiibutions to mankind but 
also to lemind the world of Alfred Nobel, 
the di earner. 


George W. Gray was the author of 
Cosmic Rays and many other articles 
that have appeared in this maga^^ine. 
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INFRARED LIGHT (7200 to 9000 Angstroms) from tlie tenuous cloud of gas. This is apparently the remnant of 
Crab Nebula records it on a photographic plate as a a supernova observed by a Chinese astronomer in 1054. 



RED LIGHT from hydrogen and nitrogen (6563, 6548 same Crab Nebula. The whole mass of gas is illuminated 
and 6584 A.) reveals the structure of those gases in the by a small, dense, hot star that is imbedded in it. 



BLUE AND ULTRAVIOLET LIGHT (3300 to 5000 A.) 
show another structure of the Crab Nebula. AJl three of 


these photographs were made by Walter Baade with 100- 
inch Hooker telescope at Mount Wilson Observatory. 



The medieval Chinese observed a stellar explosion that 
would dwarf ordinary novae. Astronomers have detected 
such stars in other galaxies and pondered their cause 


O NE clear December niglit about 

2,000 years ago a bright sLai ap- 
peared on the eastern hoiizon—a 
star which had never been seen there 
before. It was noticed by three wise men 
traveling thiough the desert on their 
camels, and it led them to a bam in the 
little Judean village ol Bethlehem. . . . 

We all know and enjoy this beautiful 
Biblical legend, but unfortunaLely it 
lacks an impoitant piece ol information: 
the three wise men did not bother to 
moasiuc the right ascension and dec- 
lination of the new stai, oi to record at 
least its position witli respect to the 
Icnown constellations. Noi did they leave 
any information conccinmg subsequent 
changes in its biightncss. 

The annals ol human histoiy lecord 
several othei tantalizing accounts of this 
kind, connecting the appearance of a 
new star with the coronation of some 
famous king, oi an attack by the enemy, 
or a pestilence, but failing to give us the 
details by which we might judge whether 
the phenomenon was leally a “new star” 
or, foi example, a comet. We are in- 
debted to an obseivant Chinese for the 
earliest scientific report of one ol these 
happenings. In History of the Sung 
Dynasty we read: , 

“In the first yeai of the period C/ii/i- 
ho, the 5th moon, the day chi-cKou [i,e , 
July 4, 1054], a guest star appeared ap- 
proximately several inches southeast of 
Tien-Kuan [i.c., Zeta Tauri]. After more 
than a year it gradually became invisi- 
ble.” In another manusciipt of the same 
period the astronomer who noted the 
event reported that “the guest star was 
as visible by day as Venus; pointed rays 
shot out of it in all directions, and its 
color was red dish- white.” He added: 
“Respectfully, accordmg to the disposi- 
tion of Emperois, I have prognosticated, 
and the result said; The guest star does 
not infringe upon Aldebaran; this shows 
that a Plentiful One is Lord, and that the 
country has a Great Worthy; I request 
that this prognostication be given to the 
Bureau of Historiography to be pie- 
served,” And so it was 

When we point a telescope ( an instru- 
ment which was, of course, unavailable 


by George Gamow 

to astionomers of llic 11th ccntuiy) at 
the position in the sky wheic the Chinese 
noticed this exploding stai, we notice 
today a somewhat shapeless nebulos- 
ity with numeious tentacles i caching out 
into space. This diffuse object is known 
as the Ciab Nebula. Modem photo- 
giaplis of the Ciab Nebula taken seveial 
decades apart show that it is expanding; 
its diametei increases at the rate of .23 
second of arc each year. Since its pies- 
ent diametei is about 180 seconds, by 
simple arithmetic we can calculate that 
it must have started expanding from the 
center some eight centuries ago, which 
is in reasonable agreement with the date 
of appearance of the Chinese ‘‘guest star.” 
This measuiemcnt ol the expansion ve- 
locity of the Crab Nebula also permits 
us to determine its distance from us. The 
amount of the Doppler shift of spectral 
lines emitted by the cential regions of 
the nebulosity indicates that its gaseous 
masses aie moving away from the center 
at a speed ol 1,116 kilometers per sec- 
ond. Combining this figuie with the ob- 
served rate of angular expansion, we find 
that the Crab Nebula is 34,000 light- 
yeais away. From the known distance, 
and the Chinese obseiver’s statement 
that at its maximum apparent brightness 
the guest stai was as bright as Venus, we 
can easily calculate that at the time of 
the explosion the actual brightness of 
the star was several hundred million 
times that of our sun! 

Close to the centei of the Crab Nebula 
one can notice a comparatively faint 
star; that is to say, it is comparatively 
faint at our distance, but actually it is 

30.000 times brighter than our sun. This 
apparently is the nucleus of the star that 
blew up nine centuries ago, increasing 
in brightness from 30,000 suns to several 
hundred million suns. When it exploded 
it threw out a cloud of “smoke” wliich 
now foims the Grab Nebula. 

The Crab Nebula’s central star is very 
different from an ordmaiy star such as 
our sun. R. L. Minkowski of the Mount 
Wilson Observatory has calculated that 
its surface temperature is about 500,000 
degrees Centigrade, compared with 

6.000 degiees for the sun. Since the 


brightness per unit of a body’s surface 
increases as ihe fouith power ol the tem- 
peiatuic, this means that per unit of sur- 
face the Ciab Nebula star is about 50 
million times brighter than the sun. Yet 
its total biightness is only 30,000 Limes 
greatei, so the star must be much smaller 
than our sun— about one foitieth of the 
sun in ladiiis. Assuming that the mass of 
the stai is comparable with the sun s, its 
density must be several hundred thou- 
sand limes gicateil The mass of the 
gauzy nebula that suriounds the star is 
estimated to be 15 times that of oiii sun. 
Thus iL seems that before it exploded the 
original slai was consideiably more 
massive than llie sun, and much more 
than hall its mass was ejected into space 
by the force of the explosion. 

Since 1054 only two similar stellar ex- 
plosions have occurred within the Milky 
Way. One was obseived by the famous 
Danish astionomor Tycho Brahe in 1572; 
the other by his pupil Johann Kepler in 
1604. Although these explosions were 
apparently about as powerful as that ob- 
seived in 1054, they left no such impres- 
sive smoke cloud as the Crab Nebula. 
Near the position of Keplei’s “stolla 
nova” we now observe some irregular 
patches of luminous gas, but they arc 
obscured by heavy dust clouds in inler- 
stellai space. Of Tycho Brahe’s star we 
can see no visible remnants at all. There 
is hardly any doubt, however, that each 
of these explosions threw out about as 
much “smoke” as in the Ciab Nebula- 
In all likelihood the leason we do not see 
the nebulae so cleaily is that the central 
stais illumine them less strongly. 

T hese giant stellar explosions, or su- 
peinovae, apparently occur every 
tliree or four centuries in our galaxy. 
The time is just about ripe for anotlier 
one. We need not wait with folded 
hands, however, until the next star in 
the Milky Way decides to blow up. In 
the billions of galaxies scattered tlixough 
the vastness of space supernovae are 
exploding all the time. Though these dis- 
tant explosions are not visible to the 
naked eye, they show up clearly enough 
m telescopes In 1885 such an explosion 



was obseiwed in oiii neaiest neighboiing 
galaxy, the Gieat Nebula in Andromeda. 

To detect at least one supernova pei 
vear, we would have to keep several 
himi'ed galaxies under constant sur- 
veillance ""Work in this diiection was 
started more than a decade ago by W 
Baade and F Zwicky at the Mount Wil- 
son Observatory They collected a bag 
of: tluee big explosions in the very first 
vear. One ot these, photographed in the 
spiral nebula known as IC 4182 in late 
August, 1987, is shovn on the opposite 
page. We are now in possession of the 
records of a number of supernovae, from 
which curves have been plotted showing 
their lummositv' changes from the time 
of maximum brightness until they finally 
disappeared from sight. We also have 
very extensive information concerning 
the spectral changes in the emitted light 
dming the various stages of the explo- 
sion. 

But, and this is a very serious but, our 
observations can give us little or no di- 
rect information about the nature of the 
physical piocesses that produce these 
spectacular flare-ups. The appearance of 
any explosion essentially depends only 
on the amount of liberated energy, and 
not on tlie pai’ticular way in which this 
energy is liberated. An asti'onomer who 
tries to guess how a stai explodes is in 
the same position as a chemist would be 
if he tried to guess the chemical compo- 
sition of a shell b\ watching it burst in 
the air, or a physicist if he tried to recon- 
sti'uct the secret mechanism of an atomic 
bomb after seeing one mushroom into 
the atmosphere. 

So we must content ^ oiu selves w^ith 
considering various hypotheses and ac- 
cepting the one that seems to be most 
consistent with the knowm propeities of 
the interiors of the stars and with tlie 
physical processes which are likely to 
take place under the conditions of ex- 
tremely high temperatures and pressures 
existing in them. 

T O begin vath, it is important to note 
the distinction between these giant 
explosions, or supemovae, and the less 
spectacular star bursts of various types 
that occur constantly ex^en in our own 
galaxy. First there are tlie ordinarx^ no- 
vae, of xvhich a fexv^ dozen flare up every 
x ear in the Milky Way. Although from 
the standpomt of the' inhabitants of a 
planeta^ system it would make no prac- 
tical difference xx^hether their sun ex- 
ploded xvith nox^a- or supernox^a-inten- 
sity ( in either case everything xvould be 
vaporized in a fraction of a second) , the 
phenomena are of totally different orders 
of magnitude. A nova at most reaches a 
maximum brightness of a fexv hundred 
thousand suns, whereas a supernova is 
equal to several hundred million suns. 
Novae occurring in distant regions of our 
galaxy can be seen only through a good 
telescope. Even xvhen a nova is close 


enough to be observed bv the naked 
eye, it appeals no biigbtei than hun- 
dreds of other stars, and can be noticed 
only by a peison xxdio is thoroughly fa- 
miliar xxath the pattern of constellations. 

An ordinary nova shows the same pat- 
tern of physical behavior as a supernova, 
except that the x^elocity of expulsion of 
its gas is smaller, and the mass of the 
ejected gas shell is a very small frac- 
tion of the total mass of the star itself. 
But a supernova must not be regarded as 
the extreme case of an ordinary nova, foi 
there is a great gap betxveeii them. A 
star explodes xxath an intensity of several 
hundred thousand suns or xvith an in- 
tensity of sex^eral hunebed million suns, 
there is no middle gi’ound. This suggests 
that we may hax^e here a qualitative dif- 
ference in the nature of the explosive 
piocess—a difference as gieat as that be- 
txveen TNT and atomic bombs. 

Below the ordinary novae is a peculiai 
class of stars that explode much less 
xaolently— their luminosities inciease 
only by a factor of 100 or less. These 
so-called U Gemmoimn stars, named 
after their most typical member, bloxv 
up periodically at intervals laiiging from 
sex^eral days to ox^er a year. The intensity 
of their explosions is roughly propoi- 
tional to the period betxvecn bursts: stais 
that explode at intervals of 10 to 20 days 
increase their luminosity bv a factor of 
15, those with a period betxx^een 50 and 
70 days, by a factor of 40, and those 
with a period of about a yeai, by a fac- 
tor of 100. 

The Russian astronomers Kukarkm 
and Paienago have suggested that the 
U Geminorum stais may hax^e a close 
kinship to ordinary novae. If xx^e extiapo- 
late to novae the U Geminorum formula 
for the dependence between the period 
and the intensity of explosion, xve find 
that tlie ordinary novae mav he consid- 
ered as U Geminorum stais xx’ith peiiods 
of 10,000 years or more. The period of 
astronomical observation is not long 
enough to prove or disprove such perio- 
dicity for the nox^ae. It is significant, how- 
evei, that txx^o cases of novae that re- 
peated themselves hax^e actually been 
obserx^ed. One is RS Ophiuchi, xx^bich 
exploded first in 1898 and again in 1933. 
Another is U Scorpii, xvhich exploded 
three times— in 1863, 1906 and 1936. 
These two stais seem to lie m an inter- 
mediate zone. Their explosions aie con- 
siderably stronger than those of U 
Geminorum stars but much xveaker than 
those of most ordinaiy novae. The ob- 
served interval between their explosions 
is in good agi-eement xvith die periodicity 
formula, for bodi RS Ophiuchi and U 
Scorpii increased in luminosity by a fac- 
tor of a few thousand, xvhich would cor- 
respond to a period of 30 to 40 years. 

Suppose we applied the same formula 
to the supemovae. We would find that 
on the basis of the violence of their ex- 
plosions their periods would be of the 


01 del of many millions of years— which 
is comp ai able xvith the total estimated 
life of the large luminous stars. From this 
it seems to follow that a supernoxM as 
not a repeating phenomenon. In contiast 
with an ordinal y nova or U Geminorum, 
xxdiich can go on exploding peiiodicallv 
because each time it leleases only a small 
fi action of its total energy, a supernova 
gives everything away m one giant bloxv- 
iip. This does not necessarily mean that 
the explosions of U Gemmoii, ordinary 
novae and supemovae are fundamentallv 
different m origin. It is veiy possible that 
a stai may stait its explosive caieer xxath 
a senes of small, fiequent explosions, 
which later become larer and more in- 
tense and finally finish up m one giant 
outburst. 

W E come now to the mam question* 
What IS the most plausible hypothe- 
sis to explain the explosions of supei- 
novae? It is clear fiist oi all that these 
explosions are not of a chemical natuie, 
for at the tremendous temperatures of 
Stellar material all chemical compounds 
aie completely dissociated, and in any 
case, even if the exploding stars x^^ele 
made entirely of TNT they could not le- 
lease anywheie near the amount of en- 
ergy observed. We know that all noimal 
stais, including our sun, obtain their en- 
ergy supply from some system of thermo- 
nuclear leactions, the most plausible of 
xvhich IS the so-called carbon cycle that 
transforms hydrogen into helium. Is it 
possible that the explosion ol a star is 
due to some other nuclear reaction which 
IS sxvitched on suddenly at a certain stage 
in the stales evolution? 

We may say at once that it is unlikely 
that a disiuptive reaction of this kind 
xvould develop in the interior of a star 
xvhile the carbon cycle xvas still going 
strong. The reaction between carbon and 
hydrogen in this cycle runs at a constant 
rate, and theie seems to be some natural 
“thermoregulatoi” that maintains the 
temperature in a stai’s interior at the 
exact value necessary for the process. 
But when a star finally burns up its sup- 
ply of hydrogen, the body of the star 
must begin to shrink This conti action 
would be expected to make the star hot- 
ter, At that point other nuclear reactions 
that require higher temperatures may 
possibly come into action. 

The ti'ouble is that it is hard to imagine 
what kind of nuclear reaction could over- 
come the self-regulatmg mechanisms of 
a star. Whenevei tlie centiail tempera- 
ture begins to rise above the critical 
value, so that there is a danger of a ther- 
monuclear reaction running astray and 
producing an explosion, a stellar body 
tends to expand rapidly and reduce the 
temperature below die danger pomt. 

A possible ansxver to our dilemma may 
lie in a suggestion made many years ago 
by the German astronomer Grotrian- Ac- 
cording to this rather paradoxical sug- 



geslion, the explosions of stais aie due 
not to the hi deration of energy but rather 
to the absoiption ot cneigy by some 
nucleai leaction. 

To understand this statement, one 
must icmembci that the equihbiium of 
a stellar body lests fundamentally on the 
exceedingly high cential gas picssuie 
that suppoits the weight of the outei 
layeis Suppose that at a ceitain stage ol 
a staTs evolution some encrgy-absoibing 
icaction weic to set m that caused the 
central piessuie to diop suddenly. The 
body of the star would collapse, much 
like the loof ol a bmnmg building. In 
the piocess ot such a catasLiophic col- 
lapse the hot masses fioin the stellar m- 
terioi would be foiced oulwaid ni llie 
ioim of white-liot sti earns of mattei, and 
the slai would flaic up in a sudden flasli 
of light. 

Prehmmaiy studies of such collapse 
processes indicate that Qierc is indeed 
enough thermal energy stoicd in stellai 
mteiiois to account for the observed 
flashes ol the supei novae, not lo mention 
lesser explosions. Seveial yeais ago the 
author and his Biazihan colleague Maiio 
Schonberg suggested a certain type ot 
thcimoniiclear reaction that might lead 
lo the loss of energy in a star’s interior 
necessary lo produce such a collapse. 
The suggestion was that when a star ap- 
proaches the late stages of its evolution 
it must develop in its mteiioi a nucleai 
pioccss producing a large number ol 
neutiinos, the almost massless tundamen- 
tal particles that have been thcoietical- 
ly piedictcd but not directly ob.scrved, 
which posse.ss an almost unlimited pow- 
er of penetration and thus can escape 
through any kind of enclosure. Once 
such a neutimo-bieeding process set m, 
heat would escape from the interior ol 
the star, its temperature would drop, and 
the inteinal piessure would no longer be 
able lo support the weight of the outei 
layeis. The entire star would collapse 
and expel white-hot masses of mallei in 
a giant explosion. 

The thcoiy ol neutrino production in 
hot stellai interiors can be developed 
with consideiable confidence on the basis 
of modem findings in nucleai physics, 
but the tieatment of the collapse process 
itself represents a very complicated 
problem in hydrodynamics. This prob- 
lem IS too difficult to solve by present 
methods of mathematical analysis. It 
seems probable, howevei, that it can be 
conquered with the help of electronic 
computing machines. We hope to set up 
the problem on a powerful new elec- 
tronic computer now being built at the 
Los Alamos Scientific Laboratory of the 
Atomic Energy Commission. 


George GamoWj presently theoretical 
physicist at Los Alamos Scientific 
Laboratory y is author of Birth and 
Death mf the Sun and other books. 



SUPERNOVA WAS PHOTOGRAPHED liy an cx])osure of 20 minutes on 
SepLcmbcr 10, 1937. It is only star visible in cxtiagalaciic system 1C 4182. 



SAME SUPERNOVA HAD FADED so mudi by November 24, 1938, that a 
45-minute exposure revealed it as only one of several visible stars in 1C 4182. 



SUPERNOVA WAS INVISIBLE by January 19, 1942. An 85-minute ex- 
posure did not show it at all. Photographs by Walter Baade of Mount Wilson. 
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Ill the salamander, whicli is able to regenerate amputated limbs, 
certain ceils return to tlieir unspecialized youth. What is the 
bearing of this curious phenomenon on such problems as cancer? 


by S. Meryl Rose 


E very Hvmg creatme starts out on 
life’s journey as a cell or group of 
cells whose most remaikable fea- 
ture is a total lack of distinction. Even in 
man and the other higher animals the 
embryonic cells from which the compli- 
cated organism is destined to develop 
are, as far as our observation goes, all 
alike. Only after a ceitain peiiod of de- 
velopment do the cells acquire special 
characteristics and functions: some be- 
come hair, some brain, some skin, some 
muscle. The biologist's name for this 
momentous process is diEerentiation. 

For many yeais most embryologists 
have believed that somewhere along the 
road from the fertilized egg to a fully 
differ entiated cell is a sign which reads, 
‘‘You cannot return.” Up to that point 
the road permits two-way traffic. While 
the egg is changing to an embiyo its parts 
can be exchanged without changing tlie 
final foim of the embryo. Thus when 
cells destined to be brain axe trans- 
planted to a futme abdominal skin re- 
gion, they become ti*ansformed into skin 
cells indistinguishable from cells which 
had always been on the road to skin for- 
mation. Conversely future skin cells, if 
transferred to the proper neighborhood, 
will become normal brain cells. In tire 
early stages of development single cells 
and small groups of cells are extremely 
plastic, and what they become depends 
upon the neighborhood in which they 
grow up. 

But there comes a time when the ef- 
fect of a neighborhood cannot be un- 
done simply by mmiiig to another neigh- 
borhood. The cell has been influenced 
too long; it has passed the ciitical sign- 
post and can no longer return or cross 
over to another road. It will continue 
toward its fated destination even if it is 
placed in foreign surroundings. Once dif- 
ferentiated, it shows gi-eat stability: small 
groups of cells taken from theii*" normal 
environment and planted in a suitable 
nutrient solution can maintain their own 
peculiar characteristics for many gener- 
ations. 

We know now, however, that this is 
not the whole story. Evidence is accumu- 
lating that the evolution of a cell is by 
no means as irreversible as used to be 


thought. Even in the constant enviion- 
ment of a tissue culture, well-diffeien- 
tiated cells of nerve sheath, muscle and 
connective tissue have sometimes been 
observed to change mysteriously to an 
amoeboid form and wander around 
scavenging on cellular debris. And in a 
living oiganism (as well as occasionally 
in a tissue cultuie) there is the unhappy 
fact that normal, differentiated cells can 
metamorphose into cancel ous ones. Un- 
fortunately this is a transformation fiom 
one stable type of cell to anolhei; the 
new cancer cells can reproduce their 
own kind thiough many geneiations. 

XFERIMENTAL proof that under 
some circumstances cells can tuin 
back, disregaiding the one-way sign on 
the road, has been obtained in certain 
lecent studies of salamanders. The sala- 
mander IS a convenient animal for the 
investigation of this problem because it 
can regenerate amputated tissues. When 
a limb is cut off a salamander, the stump 
produces a blastema, or bud, from which 
a new limb grows. A close study of this 
process shows that even in full-grown 
adults tlie cells that furnish the bud for 
the new limb first revert to an embryonic 
type and tlien can develop into any of a 
variety of cell types, always m conform- 
ity with the neighborhood in which they 
happen to he growing. In other words, 
adult cells of the animal dedifferentiate 
and regain their youth, and then grow 
up again like young embryonic cells. In 
the stump of the old Hmb, where they 
are influenced by the old tissues, the 
plastic cells produce only the missing 
part, no more and no less, and it is per- 
fectly blended with the stump. But if, 
while still plastic, the blastema is trans- 
planted to another neighborhood, it will 
develop into an integrated part of its new 
neighborhood. 

What is the evidence that the sala- 
mander’s adult cells actually do dediffer- 
entiate? Other explanations of tlie origin 
of the blastema cells have been sug- 
gested. In die early years of this century 
it was thought that during the regenera- 
tion of a limb each old tissue of the limb 
stump budded and furnished the cells 
for the new tissues. According to this 


view legenei alien was tissue by tissue, 
each producing its own kind. For exam- 
ple, new skeletal tissue was thought to 
arise only fiom old skeletal tissue. This 
idea had to be discarded when experi- 
ments showed that even if all the skeletal 
tissue IS lemovcd fiom a stump, new 
skeleton will still form. 

Another theoiy is that the blastema 
forms fiom a reseive of cells in the body 
which have never differentiated. The 
great objection to this hypothesis is that 
theie aio veiy few cells in an adult limb 
which are not diffeicnlialed in appear- 
ance. And the lew lhat may be imdiffcr- 
entialecl do not giow and divide enough 
to form a blastema. Furthermore, a small 
segment of a limb can re generate many 
times, and it is difficult to see whcie it 
could oblain a icplenishable supply of 
rcseive cells to makm this possible. It can- 
not get them fiom a stoi chouse else- 
where in the body, for expeiiments have 
shown that the blastema cells always 
have a local origin. For example, if a 
segment from a white limb is grafted to 
a dark one and then amputated through 
the while legion within a millimetei of 
the daik tissue, the regenerate will be 
white. This means that the blastema cells 
come from the millimeter-thm segment 
of white tissue at the end of the slump. 
Not until the cut passes partly tlirough 
daik tissue and partly thiough white 
does the regcneiate have any dark tissue 
in it. Then the part of the new limb ad- 
joining the dark poition of the stump is 
dark and the part adjoining the white 
portion is while. There is another test 
that reinforces this finding. It is known 
that X-rays can destroy the ability of an 
animal’s tissues to regenerate. If the up- 
per part of a limb is X-rayed and the limb 
IS amputated through the umrradiated 
lower part so as to leave only a millimeter 
of unirradiated tissue on the stump, the 
limb can regenerate. The tiny segment 
of unirradiated tissue could hardly con- 
tain enough reserve cells to create the 
bud of a new limb, m view of the known 
fact tliat very little cell division takes 
place in the stump before a blastema 
forms. 

So it seems almost certain that the new 
cells which make up a regenerating bud 
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must bo ctciLlccI hy the tuiiishumation ol 
old cells. Studies made by means ot the 
X-iciy teehnu[ue indicate that many 
kinds oi tissue can dedifreientiatc to sup- 
ply the limb with legenciatiou cells. 
When a salamandei limb is X-rayed so 
li cannot legenerate, the ability to 
geneiate a now limb can be restored by 
gialting to the end ol the stump some 
lima adia ted muscle, caitilage or skin tis- 
sue All these tissues have in common a 
certain type ot cell, the fibiocyte (which 
produces hbcis) Because fibrocytes are 
present in most tissues and aie i datively 
unclitleienUated in appearance, they 
have been strongly suspected as the 
primaiy coniiihulors to the blastema. 
Recently, howevci, we have collected 
evidence which suggests that the majoi 
contributors aie not fibrocytes but epi- 
cleimal cells, which form the outer layei 
ot the skin. Oiu expeiimcnts indicate 
that these cells can dedifteientiate, that 
they become a huge part ot the blastema, 
and that they can be Iranslormed into 
such tissues as cartilage and muscle. 

E vidence that Cpideimis is the nia- 
joi source of legencration cells was 
first pioseuled 2 1 yeais ago by the Polish 
biologist Emil Godlcwski. GodlcwskPs 
ohsoi valioii was so out ol key with cm- 
bryological theory at that Lime that it 
was discarded as almost ccitainly an 
on or. A lew years ago wo began to 
learn some new tacts which caused us 
to wonder whether the Godlewski story 
might not be coircct. We were attempt- 
ing to induce limb regeneiution in adult 
hogs. Frogs can regenerate theii legs 
dining the tadpole stage but lose this 
ability when metamoiphosis to the adult 
stage begins. We found that we could 
make an adult hog regeneiate a large 
part oi an amputated limb by irritating 
the wound with strong salt solutions. 
Sliangely enough, the salt tieatments 
weie eflcctivc even if they weie not 
given until altci' the amputation wound 


had lieeii scaled by epidermis. It was m 
the epidermis, in tact, that the change 
began: a large number of epidermal 
cells migrated over the wound and piled 
up at the end of the stump on the spot 
wheie the new limb bud was about to 
form. 

In oui next cxpeiiment, we replaced 
skin on the limbs of adult frogs with skin 
from tadpole tails still young enough to 
regeneiate. We then amputated the 
limbs, culling through the young skin 
and the old internal tissues. The frogs 
legeneiated quite good new limbs. The 
cells loi the new limbs ot course came 
from the transplanted young skin le- 
maming on the stumps. The fact that this 
skin consisted almost cntiiely of epi- 
dermis and contained very low fibrocytes 
again led us to suspect the epidermis as 
a source of legeneiation cells. 

Following up this clue, we iciiivesli- 
gated legeneiatioii in salamandei s, at- 
tempting to tiaice the plastic cells to theii 
source. Nonloxic dyes weie used as a 
tracei material. We soon discoveied that 
when epidcimal cells ot legenerating 
limbs were stained with such a dye, the 
dye did indeed turn up latei in regenera- 
tion cells. This in itself was no proof of 
the conversion of epidermis to logeiiera- 
tion cells, because some of the dye might 
have been ahsoibed by phagocytes, or 
scavenger cells, that cngulled dead epi- 
dermal cells, and the phagocytes might 
have become legcneiation cells. How- 
ever, it was found that the only type of 
cell that accumulated in the region 
where the blastema was to form was epi- 
dermal cells. When a blastema forms, 
about 20,000 epidermal cells disappear 
and simultaneously about 20,000 regen- 
eiation cells appeal. 

Two fuither investigations to be com- 
pleted soon should give us conclusive 
evidence on the question ot whether the 
epideimis changes into other tissues 
Epidermal cells with only one set of 
chromosomes have been.tiansplanted to 


limbs ol hosts with ihiee sets ol cluoino- 
somes. If rcgcnciatcs on these lim])s con- 
tain cells in the internal tissues with one 
set of chiomOvSoines, it can only mean 
that epideimal cells have been trans- 
formed to cells of quite a diffcicni type. 
In the other expeiiment unii radiated cpi- 
deimis has been gralted to X-rayed limbs 
whicli are unable to grow or regeneiate. 
If legeneiation occius, the only possible 
souice of the growing cells will be the 
epidei mis. 

T he epics lion now arises: what hear- 
ing do these findings have on the 
pioblem of cancel^ The fiist point to note 
IS that the phenomenon we have been 
con.sidcring, i.c., the leveision of adult 
cells to embryonic ones, is not quite tbe 
same as the tiausfoimation of normal to 
cancel cells. While the latter process also 
IS often spoken of as dediflercntuition, 
the woid then has a different meaning It 
means that cancer cells lose some ol the 
characteristics of a particular type ot 
differentiation and lesemblc embryonic 
cells in then late ol giowlh. But tliey 
diffei from embryonic cells in appear- 
ance and in the fact that they oltcn letaiii 
at least vestiges ol their foimer normal 
differentiations and do not difteieutiato 
when they come under the influence ol 
adult- tissue neighboi hoods. It might he 
belter to speak of cancer cells not as 
dcdiffci enliatod but as ahnoimally clil- 
fereniiatecl. Novcitheless it appears that 
m the case ol cancer, as in that ol re- 
generation, we are dealing with a prob- 
lem 111 embiyology, and that the self- 
maintaining abnormal diffeicntiation 
which is cancer might also be lost in a 
truly dedifferentiating environment. A 
test of this hypothesis is possible. 

The basis of the expeiiment, which 
involves tiansplantiiig frog tissues to 
salamandei s, is as follows: Frog cells,, 
tissue foi tissue, are much s mallei than 
salamandei cells. If a certain common 
cancer of the kidney in frogs could be? 



AMPUTATED FOREARM of a salamander is tipped NEW FINGERS begin to form after two weeks. If the 
with a mound of regenerating tissue. From this blastema original blastema is transplanted to another part of the 
develop such specialized tissues as skin, hone, muscle. salamander, it exactly reproduces tissue of that region. 






-transplanted and grown m salainandei 
limbs. It should be easv to lollow the bite 
of the smaller hog cells in the host. The 
question was: could frog cancel cells 
maintain themselves and giow m the 
foieign salamander environment^ Nor- 
mal frog tissues are almost immediately 
destroyed in salamanders, liut theie was 
hope that the cancer cells would survive. 
The hope was based on knowledge that 
some mammalian tumois. especially the 
malignant ones, not only can survive but 
flourish in hosts of a different species. 
Using a new method for maintaining a 
ti-ansplant m a foreign species, we found 
that we could establish pure cultures of 
hog cancer cells in salaniandei limbs. 

Aftei the cancers began to grow, the 
limbs were amputated through the can- 
cer The salamanders regenerated new 
limbs as usual but in some of them 
patches of frog-sized cells appeared. 
These differentiated into muscle and 
caitilage. In othei words, the frog cancer 
cells apparently had dedifferentiated in- 
to noimal embrvonic cells. At first they 
were well mtegi-ated with the surround- 
ing salamander tissues and participated 
in the formation of normal structures. 
Before their differentiation was com- 
pleted, however, they began to be treat- 
ed as foreign cells and died. This is ex- 
actly what would he expected if the frog 
tumor cells were transformed, for they 
would develop into frog muscle and car- 
tilage, which the salamander host could 
not tolerate. 

Yet we had to take into account the 
possibilit}^ that the small tiansformed 
cells were not actually frog cells but ab- 
normallv small salamander cells which 
had in some way been affected by sub- 
stances released from the nearby cancer. 
To decide betu’een these alternatives a 
sensitive test to identify frog cells was 
emploved. Normal frog tissues were 
blended, and fluid from the blended mix- 
ture was injected into rabbits. The in- 
lection caused the rabbits to form spe- 
cific antibodies to the frog antigens. The 
rabbit antibodies then served as a test 
for the presence of hog cells, for Avhen 
they encounter a solution of frog antigens 
a cloudy ring forms at the junction of 
the two liquids. An antiliody prepara- 
tion was applied to a cell culture fi'om 
the regenerating salamander limbs A 
cloudy ring developed, proving that frog 
antigens w ere present in the limbs These 
frog antigens were certainly not from 
frog cancer c^ells, for the cancer had dis- 
appeared from the limb some time be- 
fore, It seems very likely that frog anti- 
gens exist only in non-cancerous cells. If 
so, this test was proof that cancerous cells 
had transformed to normal 

HAT is the process that brings 
about the differentiation of a cell? 
^\^hat aben*ations of this process trans- 
form one type of cell into another? Some 
lecently learned facts in genetics and 


bioclicinistiy make it possible to suggest 
a hypothesis. 

Tlie differences that develop among 
cells when they differentiate are stable 
diffeiences which can be tians’mitted to 
daughtei cells tlnough manv geiieia- 
tions. Yet the genes, the hereditary 
particles in the nuclei of the cells, ap- 
paiently do not change dming differen- 
tiation. The transmission of the cell- 
changes, that IS, cellular heredity, must 
be controlled by some mechanism other 
than just the nuclear genes. Tiacy M. 
Sonneborn of Indiana University has re- 
cently shown that the single- celled ani- 
mal Paramecium has a kind of gene, 
called plasmagene, which lies in the cy- 
toplasm, the part of the cell outside the 
nucleus. Like the chromosomal genes of 
the nucleus, plasmagenes help deteimme 
the characteristics of the individual Para- 
mecium. In some cases a chromosomal 



cells in ceriter) are transplanted in 
salamander to examine their changes. 


gene endows tlie oigamsm wath a certain 
set of possibilities, but enviionmental 
factors, operating through a plasmagene, 
determine which one of these possibili- 
ties will be realized. This kind of system, 
as Sonneboin has suggested, might form 
the basis for diffeientiation. It might 
w’ork this w^ay, taking a mouse as an ex- 
ample. The feitilized mouse egg has 
chromosomal genes wdnch sav to the 
cytoplasm, “You may become a mouse 
liver cell or a mouse kidney cell or what- 
ever mouse cell you wish ” But actually 
the cytoplasm does not have a choice. It 
is under the conti'ol of the cellular en- 
\dronment or neighborhood, which de- 
termines what type of cell will form. 
There is a period dm'ing the develop- 
ment of the embryo when great foldings 
and migrations of sheets of cells take 
place. It is at this time that neighbors 
effect great changes in each other. For 
example, cells migrating forward in the 
middle layer may induce the cells in the 
sheet above them to become brain cells. 



It is unlikely that this pioccss is accom- 
plished hy the simple mdiiction ol a par- 
ticular plasmagene in the responding 
cell, foi a cell during diffeientiation is 
known to be affected by many neigli- 
bors. Instead we have to think of a com- 
plex character building up in each cell 
as the result of multiple inductions The 
complex is inheritable and like a plasma- 
gene it probably lies in the cytoplasm. 
The mechanism of induction may be an 
antigen-antibody type of reaction. 

What kinds of sulistances could pro- 
duce these differentiating reactions’^ The 
substances seem to exist in a great variety 
of foims and to repi educe tuie to type, 
but they can change on occasion and 
then reproduce true to the new^ form 
Both these properties are possessed by 
genes and viuises, which are either pure 
nucleoproteins or contain large amounts 
of nucleoprotem Now the cytoplasm of 
all cells contains large amounts of nbo- 
nncleoprotein Thus it seems likely that 
ubonucleopiotem is the differentiating 
substance. 

This conclusion is suppoited by stud- 
ies of investigatois w^orkmg with cancer 
viruses. Those are pai tides which can be 
obtained from ceitain cancer cells: lor 
example, a piuticulai kind ol cancer in 
chickens. When the pai tides arc in- 
jected into baby chicks, the cells near 
the site of injection become cancerous, 
in other words, the injected material 
transfoinis the new cell into one just like 
the cell Irom which it came. And these 
cancer-pi oducing particles consist in 
large pait of nucleoprotem. 

Similar evidence comes from investi- 
gations of the various strains ol pneumo- 
cocci, the pneumonia bacterium. Each 
stiain has its own peculiar nudeopio- 
teins. Significantly, when nucleoprotem 
exti acted from one strain is mtiodnced 
into another, it leproduces true to type 
in its host and transforms the host into 
the strain from which it wms e\ti acted. 

We assume, then, as a woiking hy- 
pothesis, that the differentiation of a cell 
is the result of the construction ol a par- 
ticular nucleoprotem complex. II tins is 
the case, dediffeientiatioii would come 
about through a breakdowoi or simplifi- 
cation of the niideoprotems to a plastic 
form in which they would again be able 
to react to their neighboi hoods and pio- 
duce new complexes. 

Obviously this is a problem of consid- 
erable medical interest If we can learn 
how^ the adult cells in salamanders 
change back to young cells, and can du- 
plicate these conditions in human or- 
gans, great opportrmities for the repair 
and replacement of defective parts, and 
for changing abnormal cells to normal 
ones, will be open to us. 


S, Meryl Rose is associate 
professor of zoology at 
the University of Illinois. 
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The Smoldering Atom 

T he Russian atomic explosion faded 
from the front pages rathei quickly, 
appai-ently leaving a minimum of resid- 
ual acti\aty. Despite its seemingly small 
diplomatic effects so far, howevei, it set 
off some new chain reactions which be- 
hind-the-scenes observers in Washing- 
ton, the United Nations and other world 
capitals have followed with considerable 
interest. 

The opening propaganda move was 
made by the U.S.S.R. Soon after Presi- 
dent Timman’s announcement of the 
Russian explosion, tlie Soviet representa- 
tive on the UN Atomic Energy Commis- 
sion proposed tliat the U. S. offer “new 
concrete proposals” for the mternational 
control of atomic energy. The five other 
permanent members of the Commission 
(the U. S,, Great Britain, France, Can- 
ada and China) countered by reassert- 
ing tlieir support of the “Baruch” plan, 
insisting that it was essential to any ef- 
fective system for atomic control. That 
neither the Commission majority nor the 
U.S.S.R. was ready to change its position 
was emphasized in reports made to the 
UN General Assembly by both sides a 
month after the Russian explosion. The 
majority, la\ ing entire responsibihty for 
the deadlock on the U.S.S.R., declared: 
“The Government of the U.S.S.R. puts 
its sovereignty first and is miwiffing to 
accept measm-es wdiich may inrpinge 
upon or interfeie with its rigid exercise 
of xmimpeded state sovereignty.” There 
was a wide difference between the ma- 
jorin^ and U.S.S.R. plans for the re- 
striction of atomic energy to peaceful 
purposes. Stripped of minor issues, the 
difference was this: international owner- 
ship and operation of critical atomic en- 
ergy activities (the majority plan) n. 
national ownership and operation with 
periodic inspection by an international 
agency (the U.S .S.R. plan). 



Could any compiomise be found be- 
tween such divergent points of view? 
The author of the Baiuch plan and 
official spokesmen for the Tiuman Ad- 
ministration evidently thought not. 
Frederick Osborn, deputy U. S. repie- 
sentative on the Commission, declared 
that any agieement on atomic weapons 
short of “opeiating and managerial con- 
trol” would be merely an ineffectual 
“expression of good intention.” Bernard 
Baiuch ( speaking f 01 himself) urged the 
U. S. to accept no substitute for his plan; 
he held that agreement on a lesser plan 
would only “create a false sense of se- 
em ity ” 

It was clear, however, that many U. S. 
students of tlie atomic eneigy control 
problem did not share these views. One 
indication of this was the stir cieated by 
Chester I. Barnard's article “Amis Race 
V Control” m the November Scientific 
American, m which Mi. Barnard, a co- 
autlior of the Acheson-Lilienthal plan, 
urged “some changes m our tactics and 
our attitude.” The article was widely 
discussed m Washington, in the UN and 
by unofficial commentatois. Some ciitics 
of U. S. foreign policy went so fai as 
to charge tliat the U. S. conti*ol plan, as 
presented to the UN, had been deliber- 
ately designed to make it unacceptable 
to the U.S.S.R. In the New York Daily 
Compass the columnist I. F. Stone de- 
clared. ‘T believe the Tiuman Adminis- 
tration never wanted an agreement on 
atomic disarmament and does not want 
one now.” 

Among U. S. atomic scientists and 
groups not connected with the Aclniims- 
tration there was increasing discussion 
of compromise plans. Taking the realistic 
view that agieement on a comprehensive 
plan foi atomic control was impossible 
at the present stage of cold-war tensions, 
they proposed that an attempt be made 
to obtain a limited agreement, such as a 
five-year convention outlawing atomic 
arms coupled with some method of mter- 
national legulation of the mining of 
Luaiiium and thorium. 

Witlim the UN itself there appealed 
to be an inci easing disposition to discuss 
compromises, paiticiilarly among the 
smaller nations. Carlos P. Romulo, presi- 
dent of the General Assembly, pioposed 
a ti’uce or moratorium in the pioduclion 
of atomic bombs while negotiations pro- 
ceed on atomic energy conti*oL A hint of 
a compromise in the control plans that 
had been actively discussed was given 
by Lester B. Pearson of Canada. The 
proposal was to reduce the scope of in- 
ternational ownership and operation of 
atomic facilities, in return for which the 
U.S.S.R. would be asked to agree to per- 
mit continuous inspection of atomic 


plants instead of periodic inspection. 
Said Ml. Pearson: “If it were possible 
to give moie poweis of operation to na- 
tions, and take away some poweis fiom 
the mternational agency, that would 
make it all the moie impoitant to have 
complete international powers of inspec- 
tion at any time without any reserva- 
tion. . . . Our Russian friends . . . have 
given no indication whatever at any time 
that they are willing to accept that kind 
of international supervision or inspec- 
tion, and that seems to me to be the fun- 
damental difference between the two po- 
sitions now.” 

As this issue of Scientific American 
went to press, a public debate of the 
atomic eneigy control pioblem began in 
the UN. It was obvious that the debate 
would sei've meiely as an occasion for 
polemical attacks on the rival positions. 
Thus Andiei Y. Vishinsky, Soviet Foreign 
Ministei, dehveied an hour and a half 
speech denouncing the U. S.-sponsoied 
plan. He asserted that the plan “would 
make it impossible to use atomic energy 
foi peaceful pin poses” and that U. S. 
policy-makeis had no intention of agice- 
ing to a prohibition of atomic weapons. 
As for the U.S.S.R., Vishinsky declared 
that It was using atomic energy not foi 
stock-piling bombs but for constructive 
pmposes* “We are razing mountains, we 
are irrigating deserts; we are cutting 
through the jungle; we aie spi ending 
life, happiness, prosperity and welfaie 
m places where the human footstep had 
not been seen for thousands of years.” 

Coupled with apparently Soviet-in- 
spired stories m the Soviet-licensed Bei- 
lin newspaper Naclit Express, which said 
that the U.S.S.R. had used atomic liombs 
to blast channels thiough the Turgai 
Mountains to divert two Siberian rivers 
to deseit aieas, Vishinsky 's statement 
made sensational headlines. Whether or 
not the U.S.S.R. had enough bombs to 
“raze mountains,” or could use them in 
this way without creating prohibitive 
radiation hazaids, the statement drama- 
tized the fact that the U.S.S.R, intended 
to make an emphasis on the constructive 
uses of atomic energy the keystone of its 
atomic propaganda strategy. 

U, S. Step-Up 

I N the U. S. atomic eneigy progiam, the 
Russian explosion had two observable 
results. One was an acceleration of plans 
for expansion of plants producing atomic 
bombs. To enlarge the Oak Ridge and 
Hanford facilities for production of fis- 
sionable materials, the President author- 
ized the Atomic Energy Commission to 
draw $30 million immediately from 
budget reserves. When Congress recon- 
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vcnes in janiuiiy he will ask loi llic ap- 
piopiiation ol $300 million moie loi this 
purpose. 

The othei icsult was an assuiancc 
horn Great Biitain and Canada that the 
U. S. would continue to got a lull sup- 
ply ol uranium horn the Belgian Congo 
and Canadian mines The three countiies 
have been discussing foi several months 
die lenewal ol an agi cement permitting 
the U, S. to purchase most ol the output 
ol these mines (Sgiiiintific American, 
Scptembei). Both the Biitish and Ca- 
nadians, who had sought a lullei ex- 
change ol atomic mfoimalion with the 
U S, m ictuin loi this lenewal, mtormed 
the U. S. negohatois alter the Russian 
explosion tliat the agreement would be 
renewed without conditions. The Execu- 
tive Branch oi the U. S. Goveinment, in- 
cluding the AEG, lavois a moie liberal 
exchange ol atomic data, not only with 
Canada and Great Biitam liiit also with 
one Ol two other countiies, but has been 
blocked by opposition within the Con- 
gressional [omt Committee on Atomic 
Energy. When Congress reconvenes the 
Adminisliation may seek levision ol the 
Atomic Energy Act ol’ 1946 to obtain a 
clear autlioi ization lor the exchange ol 
more atomic inrormation with Iriendly 
nations. 

Meanwhile tlie AEG received a clean 
bill oi health in the final repoit ol a ma- 
jor itv ol the Joint Committee on its in- 
vestigation ol Republican Senator Bom ke 
B. Hickenloopei’s ehaiges ol “in ci edible 
mismanagement.'’ After 45 heaimgs, the 
joint Committee pul the charges to a 
vote. The 10 Democrats voted to clear 
the Commission; the six Republicans 
voted against it. The majority, in its 
35,00()-woid leport, took occasion to re- 
view the enliie AEG operation. It ci ed- 
ited the AEC with “taking a vast entei- 
piise which was i ailing apart at the 
seams and reshaping it into a foi mid able 
deteiient against aggression.” On the se- 
curity question, it said. “[There is] no 
evidence hinting that Russia obtained 
seciets fiom the Commission which ad- 
vanced by one day the date when she 
completed her fiist atomic bomb, Like- 
wise, no evidence hints that Russia has 
acquired inlormatioii Irom the Commis- 
sion whicli would enable her to improve, 
hy so much as mucilage and tissue piipei, 
the cm rent Soviet bomb designs.” 

Senatoi Hickenlooper submitted a 
brief minority lepoit, supported by his 
Republican colleagues, which did not re- 
peat the “incredible mismanagement” 
charge but insisted that “widespread op- 
portunity has been provided for infiltra- 
tion of subveisives” in the AEC and ac- 
cused the Commission of a “leisurely” 
approach and “indecision” in develop- 


ment of iLs piogiam. The major iLy and 
minoiity icpoits agreed on one thing, 
leseaich and development m the Beld of 
application ol nuclear fission to useful 
powei has not been pushed hard enough 

F oimdation Bill Fails 

T he ]:)ioposed National Science Foun- 
dation, which two yeais ago seemed 
within sight, appears to become moie 
mirage-like with each passing yeai The 
recent session ol Coiigies.s ended with 
the Foundation bill quietly and miie- 
sistingly laid away in the Flouse Rules 
Committee. 

In 1947 a bill to cieato such a loimda- 
tion passed both houses ol Congress hut 
was vetoed by Pre.sident Tinman as un- 
satislactory. In the past session a bill cal- 
culated to remove his objections was ap- 
proved by the Senate. It languished foi 
several months in the House Committee 
on Interstate and Foreign Commerce, 
and was finally killed hy a margin ol one 
vote m the Rules Committee, comisling 
ol four Rcpuhlicaus, tliiee Southeiii 
Democrats and five Northern Deinociats. 
Tire Icadci ol the opposition to the bill 
in the Committee was James W. ^Vads- 
woith, Republican, of New York. 

The bill’s deleat was due in paiL to 
the fact that it was caught in the general 
political cioss-fire that whistled around 
the Atomic Energy Commission and 
felled other hills involving new expendi- 
tures, notably Fedeuil aid to education 
and national health insuiance The hill 
was also actively opposed, as before, by 
the patent lobby. The chief factor de- 
feating it, however, appears to have been 
a decline in Washington’s interest in the 
measme, Piesident Truman, foi exam- 
ple, 1 ailed to include it m his list of high- 
prioiity legislation. Its opponents aigued 
that the U S is doing well enough m 
science and needs no national founda- 
tion. 

Aureomycin v. Radiation 

HYSICIANS who have used the vei- 
salile new antibiotic aureomycin 
sometimes jokingly remark that soon a 
doctoi may need no equipment except a 
stethoscope and a bottle ol aureomycin 
capsules. The diug has been effective 
against a remarkable range of hacteiia, 
ncketlsiae and viruses. Now a group of 
workers at the University of Rocheslei 
Medical School has found that aureomy- 
cm also appeals to be useful in the tieat- 
ment of radiation sickness. 

The research, conducted by Joseph W. 
Howland and associates, was supported 
by the Atomie’Energy Commission. Dur- 
ing the past six months they have made 




KEEPS RUBBER, ASPHALT AND 
PRESSURE SENSITIVE TAPES 
FROM STICKING TO PAPER 

We've coined a word to describe 
the remarkable release charac- 
teristic imparted to paper by DC 
1 107. This invisible silicone coat- 
ing developed by Dow Corning 
makes paper completely “afahe- 
sive” to materials like rubber, 
osphalt and adhesive tapes that 
normally stick to any surface. 

An emulsion or a solvent solution 
of DC 1107 is easily applied by 
dip or roller coating and quickly 
cured by heating for 30-60 sec- 
onds at 250T, Experimental mill 
runs indicate that there is a large 
market for DC 1107 treated, 
“abhesive" paper as inter-leav- 
ing sheets for uncured rubber, 
camelback, tire tube patches^ 
pressure sensitive tapes of all 
kinds and for bag stock to be 
used in shipping such sticky 
materials as tar and asphalt. 

MAKES PAPER WATER REPELLENT 
prevents initial wetting, maintains 
initial tensile strength and tear 
resistance for a relatively long 
period of time in contact with 
water. 
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POCKET MICROSCOPE 

Fascinating pencil-size microscope, clips on to 
your pocket; you'll be proud to own this amaz- 
ingly powerful pencil-size microscope. Ideal for 
people In all walks of life. Holds unlimited fas- 
cination for both young and old Replaces costly 
instruments Magnifies 20X, Instant focus Excel- 
lent wide field Aluminum body, beautifully 
satin-finished Hundreds of uses Makes handy 
inspection instrument, "See for C|| 

yourself". Order today. Postpaid 


BLACK LIGHT 

Ideal for the study of minerals Observe the 
colors of fluorescent materials under the 250 
Watt Purple X Lamp (Black Light), Why do 
white onions fluoresce milky blue while the 
peelings remain wholly negative? These results 
and many more are obtained under the same 
lamp Minerals from different parts of the coun- 
try give off different colors. Order a BLACK 
LIGHT and three brilliantly HH 

fluorescent minerals for only 

Express Collect. 

ALNICO TRICKSTERS 

Super-powerful permanent bar magnets with which a 
large variety of astonishing gravity- defying tricks 
can be performed. Two bars Including trick sheet 
SOc plus 10c postage 

TELESCOPES 

Popular American Hakes 

5X Telescope $2.00 8X Telescope $7.50 
Woiiensak vart-power 13 to 40X $24.50 

HARRY ROSS 

Scienfific end Laboratory Apparatus 

70 West Broadway. New York 7, N. Y. 
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CALCULATIONS 

of all kinds can be easily 
solved on the 

BINARY CIRCULAR 
SLIDE RULE 
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Till*) rult' will (jititkly '•olve the 
simplest ah well a-^ the niore 
(lihieult problem-^ imolving 
ealeulatiunh in Arithnjetie, 
Tn Alutbra and Trismiumetry 
Any number of faiiors lan be 
handled in lonj, and diflu-ult 

«al(Ulatton'i The Tr “.lale of 

the Binary is 21 inehcs hini; 
will! graduationc! further apart than tliu'-e uf a 
20-inch i^lide rule The 01. A, K is stales 
are divided as elosely as a ‘-lide rule Log-Log 

stale exteuds from 1.0013 to l.miO.OOn Ones Trig, 
funetiuns from h to degree- on baik Engine-^- 
vided scales setlnw and black on white i oated aluminum 
Permanentb an urate. l)ia Price $7 2.3 in ease, 

VFith iu-truetloi^ Appro; ed at leading rni; U-td by 
many large firms in the ft. g. 

MIDGET 

CIRCULAR SLIDE RULE 

SSimlar to Binary, C, Cl, A, Lt, and Btnarv «-falcs 
C scale m 12" lung Trig, functions un back Appruveu 
at schools and loading Unn. Tdoal for Students «ind 
^gmners, oi lor potket um.* Half million sold. Price 
S2.&0 ia case with inbtru<tions Made of metal 

ATUS SLIDE RULE 

The Atlas Slide Ituie wiii 
MOickly solve problems in 
Multiplicatiuii, Division, 
and Proportion and give 
jesuits wpith a maximum 
errt >1 of less than l in 
.10,000 The Atlas has two 
C scales, Orm is 2 '>" hmg 
and the so* «>nd one is a 
spiral of 30 coils This is 
equivalent to a straight 
rule (lO ft long and grives 
answers to 5 ngures. 
Chemists. PhysiicLsts 
and Enginoersi have found 
this rule mvaluahle for its 
great accuracy, Dia- - 8 1 , 3 ". 
Easily portable. White 
coated aiunilmun v?ith 
legible black and yellow 
scales. Price SO -00 in case 
with instructions 

SCALES OVERLAID IN YELLOW 

Facilitate easy reading. All rules have S Hair line 
Indicators on front and 1 on hack. Steel center hui-hing. 

We have many thousands of unsolicited letteis on 

ihesie rules. Descriptive circulars free. Satisfaction 

guaranteed, 

GILSON SLIDE RULE CO. 

Box 993 SA, Stuart, Fla. 

Slide Rule Makers eioee 1915 
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tests on more than 600 lats and dogs ex- 
posed to large doses of X-rays. Treatment 
with aureomycm after such exposuie, 
they learned, alleviates diairhea and 
other effects of radiation. The drug has 
also been tried on human beings. A pa- 
tient with Hodgkin s disease who after 
16 consecutive X-ray treatments became 
severely ill of radiation sickness showed 
marked improvement within 48 hours 
after receiving aureomycin, and was dis- 
charged from the hospital within a week. 
Similar results have been obtained in 
cancer patients given the drug to control 
the aftereffects of radium and X-ray 
tieatmeiits. 

ACTH 

T he new hoimone drugs ACTH and 
cortisone have aroused so much in- 
terest in the medical profession that a 
special conference on them was held re- 
cently in Chicago. More than 200 U. S. 
and Canadian physicians attended it. 
The center of interest was ACTH, which 
is at present far more available than cor- 
tisone. In terms rare for a physician, 
Walter Bauer of the Harvard Ivledical 
School hailed the discovery of the thera- 
peutic effects of ACTH as *The opening 
of a new era in medicine.” 

ACTH and cortisone had already been 
reported dramatically successful in treat- 
ing arthritis and a muscular condition 
called myasthenia gravis, and liad shown 
promise in a few cases of rheumatic 
fever. Benedict F. Massell and Joseph 
Warren of the Harvard Medical School, 
who had followed up the work in rheu- 
matic fever, reported to the conference 
that 10 out of 11 severely ill patients 
showed “generally excellent” improve- 
ment after ACTH treatment. In two 
cases tlie damaged heart valves in pa- 
tients with rheumatic heart disease ap- 
parently healed. 

Otheis at the conference reported that 
they had had good results with ACTH in 
asthma, gout, eczema and nephritis. But 
the physicians were warned that tlie 
drug may be harmful and is not to be 
used indiscriminately. Investigators at 
Columbia University's College of Physi- 
cians and Surgeons said that it can cause 
severe headaches and raise blood pres- 
sure, Furthermore, it has peculiar psy- 
chological effects. One woman, after nine 
daily injections, suffered from mental 
confusion; another patient became vio- 
lent and required electro-shock treat- 
ments, The warning was given force by 
the fact that an impure ACTH product 
has been offered for sale directly to pa- 
tients, at a cost of $100 for less than a 
tenth of an ounce. A black market has 
already sprung up in hog pituitaries, 
from which ACTH is extracted. 

Shortly after the conference a team of 
investigators at the Memorial Hospital in 
New York announced that ACTH and 
cortisone are being used experimentally 
in cancer. The drugs seem to have some 


effect on tumors deiiving fiom the lymph 
tissues, such as lymphosarcoma and 
Hodgkin's disease. In a test on six pa- 
tients, three to six daily injections of one 
of the drugs markedly reduced the size 
of malignant growths in the lymph nodes 
and spleen. But the investigators empha- 
sized that “in none of these patients has 
a complete clinical remission of the dis- 
ease been obtained.” Moreovei, when 
tried against cancer of the bieast and the 
prostate gland the drugs had no effect. 

Case of the Trembling Detective 

T he chief fingerprint expert of the 
Lancashire Constabulary in England 
recently turned up in the London Hos- 
pital with a peculiar, unexplained dis- 
ease. His teeth were coming loose. His 
hands trembled so violently that he could 
not lift a glass of water to liis mouth with- 
out spilling it. His personality had 
changed radically. Formerly a confident 
witness at criminal trials, the 45-year-old 
sergeant now shook and blushed under 
the mildest questioning. 

Two hospital specialists undeitook an 
investigation of the strange case of the 
trembling policeman. They learned that 
like most British policemen their patient 
was in the habit of using a substance 
called '‘gray powder,” containing 33 per 
cent mercury, in dusting o])]Ccts to bring 
out faint fingerprints. They also recalled 
that his chief .symptoms— tiemor, loose 
teeth and psychological disturbances— 
‘were the same as those in a well-known 
disease known as “hatter s shakes,” found 
occasionally among workers in the felt- 
hat industry who are exposed to the mei- 
cury used in the felting process. Putting 
two and two together, they concluded 
that the patient was suffering from mer- 
cury poisoning— inhaled gray powder 
had affected his nervous system. This 
solution was confirmed when the police- 
man impioved after he was instructed to 
stop using the powder. 

The hospital investigators soon found 
that six colleagues of the fingerprint ex- 
pert in the Lancashire Constabulary, out 
of a total staff of 32 men, had the same 
trouble. The Lancet^ Britain's leading 
medical journal, promptly urged that 
Biitish detectives stop using gray pow- 
der. Similar warnings may be expected 
to follow in the U. S. Detectives of the 
Federal Bureau of Investigation and 
many local police forces use the same 
mercury-containing powder. 

Debris Dissolvers 

T he draining of pus and other bio- 
logical debris from the internal tis- 
sues of infected patients is one of the 
most troublesome problems in medical 
practice. Such accumulations of dead 
cells and coagulated blood are charac- 
teristic of chronic ulcers, tubercular 
meningitis, severe burns and many other 
disorders, and often it takes a major op- 
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cration to get at the regions that have to 
he chained. Now the problem may be 
gieatly simplified by the discoveiy of two 
poweriiil substances that can li(|uoly tins 
mateiial and enable the body to dis- 
chaige it in the urine and other wastes. 

These sulistances aie enzymes, ex- 
ti acted, stiangely enough, liom a most 
dangeious bacterium, the hemolytic 
stieptococcus. One enzyme is strepto- 
kinase (SK), chscoverecl by William S. 
Tillett of New York Umveisity, and the 
other IS streptodoinase (SD), identified 
by Tillett and Sol Sherry. Togethei with 
L, R. Christensen, who developed ways 
of concentrating and punlymg the en- 
zymes, they made clinical studies ol the 
substances. They found that injections 
consisting o( five parts of SK to one part 
of SD dissolved pus and other debris 
without haiming healthy tissues. How- 
ever, SK rctaids the formation of blood 
clots, so the licatment is lulcd out where 
there is risk ol severe bleeding. 

Phi Beta Kappa Waves 

A t Tufts College's Institute lor Ap- 
- plied Experimental Psychology, 
laboratory workers for some years have 
been using a device for recording a read- 
er's eye movements by rcgistciing the 
electrical currents that accompany the 
contraction ol eye muscles. Recently 
some ol the investigators decided to try 
to design an electronic machine that 
would count the eye movements and au- 
tomatically give the count to the reader. 
This involved attaching electrodes to the 
reader’s temples and wiring the elec- 
trodes to an electroencephalograph, 
which records and amplifies electrical 
currents in the head. The psychologists 
found that the scheme did not work; an 
unexpected electrical signal from the 
brain interfered with the eye-movement 
lecoids. 

The brain waves they detected in this 
accidental manner turned out to be an 
important discoveiy. They were not the 
well-known and much -studied alpha 
waves of the brain, for they behaved dif- 
ferently. Alpha waves become stronger 
when the eyes are closed; the new waves 
did not. The investigatois called them 
kappa waves and began to study them 
more closely. They found that kappa 
waves come from anterior parts of the 
brain, the site of many of the higher 
mental processes. When a person is not 
thinking of anything in paiticular, the 
kappa ihythm dies down. But a task call- 
ing foi brainwork, such as multiplying 
two numbers or reciting the names of the 
states, makes the waves register much 
more strongly. 

One subject was directed to trace his 
way through a maze drawn on a piece of 
paper. While his mind was working hard 
on the puzzle, his kappa rhythm was 
strong. After he solved it, at the 25th 
trial, the kappa rhythm dropped to a 
minimum. After a 10-minute intermis- 


sion, the test was lepeated. This time the 
waves hit a low aftei only six tiials, indi- 
cating that less mental effort was needed. 
The investigators concluded that “the 
kappa ihythm may turn out to be a use- 
ful measme of mental work, particularly 
where the natiii e of the task is such as to 
require recall of imperfectly learned ma- 
teiial.’' 

Hotv Old Are You? 

A MAN is as old as his aiteiies, so 
goes the sawbone’s old saw. Actual- 
ly hardening of the aiteries is too special 
a condition to be useful as a measuie of 
the human machine’s state of wear oi 
physical age What seems to be a much 
better index has ]ust been discovered by 
John H. La wi once of the Umver.sity ol 
California He finds that a man is as old 
as his ability to expel nitrogen gas from 
the blood. Like many other lecent ad- 
vances m biology, this fact was discov- 
ered by means of radioactive tiaceis. 

The average adult at sea level has 
obout 1,000 cubic centimeteis of gaseous 
nitrogen dissolved in his body fluids. The 
total stays constant, but theie is a steady 
turnover of nitiogen molecules, the body 
liuids constantly eliminate the molecules 
they have and take in new ones during 
bicathing, Lawience had a group ol sub- 
jects of all ages inhale small amounts of 
ladioactive nitiogcn as tracei material. 
Then he deteimmed how last they elim- 
inated nitiogen by collecting the elim- 
inated gases and counting the tagged 
atoms with a Geiger counter. He found 
that the oldei a person is, the slower his 
nitrogen turnover . it took youngsters of 
15 only a few minutes to eliminate half 
the gas, while persons 65 or older took 
as long as five hours. That the rate of 
elimination is a measure of physical fit- 
ness was shown by the fact that patients 
in poor physical condition had abnor- 
mally slow turnover rates. 

Hereditary Schizophrenia? 

A STRANGE story which indicates 
the important role of heredity in 
mental disease has been reported m The 
Journal of Heredity by E. J. Gardner and 
F. E. Stephens of the Laboratory of Hu- 
man Genetics at the University of Utah. 

One day a 22-year-old faimei working 
on his father's land refused to eat his 
lunch. He shouted that the food was 
poisoned and liis mother was plotting to 
kill him. He ran off through the fields. 
When he was found at the end of the 
day, green stains around his mouth 
showed he had been eating grass. During 
the next two months he became worse, 
and was finally committed to a hospital 
With a diagnosis of schizophrenia. 

Not long afterward, tile institution ad- 
mitted another patient suffering from the 
same menial disordei. The patient was 
the grass-eater’s identical twin. For five 
years the twin had been working on his 


aunt’s farm m anothei state In the same 
month m which his bi other Inoke clowu, 
the twin also ran away Irom home, 
scieammg that his aunt wanted to poison 
him. 

Birth of the Solar System 

T O the niimeious lecent hypotheses 
on how the solai system oiiginatecl, a 
new one has been added by the astiono- 
mei Geiaid P. Kiiipei of the University 
ol Chicago. His theory. Three billion 
years ago the sun condensed from a va.sL 
rotating cloud oi mteistellai dust. The 
remaindei ol the cloud spun laster and 
lastci around the sun, giadually shi ink- 
ing and flattening out into a relatively 
dense img ol solid particles. Then the 
ring broke into a number of eddies which 
continued shrinking until the pai tides 
composing them fused together into 
planets. 

Kuiper’s hypothesis is an attempt to 
find a plausible synthesis of the recent 
findings and speculations m this coiitro- 
veisial field. It assumes, as Immanuel 
Kant did, that the solai system was once 
a rotating cloud. But Kuiper rejects 
Kant's notion that the planets evolved 
fiom hot gases. Pie suggests instead that 
tliey repicsent the accumulation and fu- 
sion of ''cold” particles. His idea that the 
planets formed liom eddies in a gaseous 
ling is like that ol the German physicist 
Carl von Weizsackci, now a visiting pro- 
lessor at the Umver.sity ol Chicago, but 
whereas von Woizsacker believes that 
they formed as ‘hollei lieaiings” between 
great vortices in the dust cloud, Kuipci 
attiibutes them to gravitational forces. 

Kuiper also seeks to account lor the 
chemical composition of the planets by 
considering the properties of the original 
ring that girdled the sun. The innei part 
of the ring, being close to the sun, was 
fairly hot. Since only dense materials, 
such as rock-foiming silicates and metals, 
can condense at high tempeiatures, Mer- 
cury, Venus and the Earth, the planets 
nearest the sun, are composed largely oJ 
those substances. The moic distant plan- 
ets— Jupiter, Saturn, Uranus, Neptune- 
evolved from cooler portions of the ring 
and contain large proportions of gases, 
watei or ice, hydrocarbons and other 
lightweight compounds that condense at 
lelatively low temperatures. 

According to Kuiper, all this happened 
within a few thousand years. In the 
eddies from which each planet was cic- 
ated some material was left over. Around 
each planet this material formed disk- 
shaped rings, smaller versions of the 
great ring that oiigmally circled the sun. 
And from these rings came the planets' 
satellites, with two exceptions: 1) the 
Moon, which did not condense fiom a 
ring but was probably formed 'ready 
made” as a double planet with the Eailh, 
and 2) the rings of Saturn, which, due 
to special conditions that prevented the 
formation of eddies in them, lemain as a 
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lemincler ot the process that toirned the 
planets and their satellites. 

Cornet Caught 

HERE do meteors come from? 
There is considerable evidence that 
many of them, at least, come from 
comets. As a comet sweeps toward the 
sun, metallic fragments may blow away 
from its nucleus to form gieat meteor 
showers. Dm mg one such shower m 
October, 1946, H. E. Landsbeig, a geo- 
physicist of Washington, D G., coated a 
sheet of glass with glycerin and on it 
captmed six wedge-shaped iron parti- 
cles that had drifted down fiom the sky. 
These particles are now believed to be 
the first samples of comet material ever 
recovered. Fred L. Whipple of the Har- 
vard College Observatory has com- 
pleted mathematical studies wliich show 
that particles of roughly the same shape 
and cross section (.000016 to .000072 
inch) could have passed through the 
earthy’s atmosphere without burning 
away. 

Whipple suggests a systematic search 
for moie such “micrometeorites” in ocean 
sediments, polar snows and geological 
strata. He believes that a comet is created 
when the sun passes through an inter- 
stellar dust cloud and pulls some of the 
material away with it. If this is correct, 
micronieteorites from meteor showers 
may be actual samples of the particles 
that float in interstellar space. 

Missing Particle 

M ost of the elementary particles in 
the atom seem to come in pans. 
The negatively-charged electron has a 
“mate” in the positron, a positively- 
charged particle of equal mass. The light 
and heavy mesons also come in positive 
and negative forms. But one very impor- 
tant charged particle so far has stood 
alone, a disturbing exception to the rule 
of symmetry. This is the proton, the 
positively-charged nuclear particle. Does 
a negatroii exist, somehow defying 
detection? Although it seems plausible, 
physicists have hitherto not been able 
even to suggest how it might be found. 

At a recent meeting of the National 
Academy of Sciences, however, tlnee 
physicists came up with an idea. Robert 
Marshak, J. Ashkin and T Auerbach of 
the University of Rochester reasoned 
that a high-speed negatron would collide 
with a proton, produce two charged 
mesons and be annihilated in the process. 
If this event could be caught on a special 
jihotographic plate, it would produce 
a Y-shaped figure. The stem \vould be 
the path of the incoming negatron; tlie 
two arms would be the mesons flying off 
to fonn an angle of more than 90 de- 
grees. Since only powerful cosmic rays 
at high altitudes could produce such an 
atomic explosion, the physicists suggest 
that negations might be observed by 


sending balloons moie than 18 miles into 
the stratosphere. This expeiiinent should 
help decide “whether natiiie is indeed as 
symmetric as present-day theory leads 
one to beheve.” 

Currents in the Ear^th 

H arold g. urey, who won the 

1934 Nobel piize for chemistiy and 
since the end of World Wai II has turned 
geologist, has come out with a new theo- 
ry about the evolution of the earth's 
crust. He joins an increasing number of 
geologists in challenging the idea that 
the earth was once a ball of molten mat- 
ter and has been cooling off ever smce. 
On tile conrtary, he believes that the 
earth began cool and is getting hotter. 

Urey suggests that in the beginning 
the crust was a “cold” mixture of non 
and rock, and stayed that way for about 
a billion years. Gradually radioactive 
uranium, thorium and potassium in the 
crust gave off enough heat to melt the 
iron. The metal flowed into the interior 
to form the earth's core, while lighter 
material “floated” to the surface, forming 
the piesent crust. 

The lising of cold rock and the sinking 
of molten iron produced “convection” 
currents extending veitically from near 
the surface to the depths of the earth's 
outer mantle This circulation caused the 
crust to wrinkle into great mountain 
ranges. According to Urey, these cur- 
1 ents are still causing land masses to shift 
and slowing the earth's spin on its axis. 
As a result, the days aie getting longer 
by about one second in eveiy 200,000 
years. 

Translating Machines? 

I F machines can be built to count, cal- 
culate, play chess, even “think,” why 
not a machine to translate one language 
into anothei? Scientists have been pon- 
dering this possibility. 

Two ideas for elecrtonic translating 
machines have recently been suggested, 
one by W arren Weaver of the Rockefel- 
ler Foundation, the other by A. D. Booth 
of Bii*kbeck College in London and R. H 
Richens of the Commonwealth Bureau 
of Plant Breeding and Genetics at Cam- 
bridge. 

Weaver s idea is based on the discov- 
eiy by cryptographers during the war 
that certain frequencies of lettei combi- 
nations, average intervals between letters 
and other alphabetical patterns “me to 
some significant degree independent of 
the language used.” The techniques used 
to decipher messages in English also 
worked ^vith sm-prising success on mes- 
sages in other languages even when the 
cryptographer did not know the lan- 
guage of the message. Thus Weaver re- 
ports the case of an expert who decoded 
a column of five-digit numbers and ob- 
tamed a senes of 100 words wliich ap- 
parently made no sense. Linguists found, 


hovvevei, that he had leconsU noted the 
message almost perfectly— the only rea- 
son he had failed to undci stand it was 
that the words weie not English but 
Tuikish! 

Weaver thercfoie suggests that a 
tianslatmg machine might be designed 
along the lines of wartime decipheimg 
devices. It would treat a foreign lan- 
guage as if it were a special code foi 
English, and would translate the lan- 
guage by decipheimg it m English terms. 

The Biitish woikeis— Booth is a de- 
signer of calculating machines, Richens 
a linguist— are planning a translaloi 
based on the stoiage or “memory” appa- 
ratus m a mathematical machine. The 
instrument’s memoiy unit would store 
foieign words and their English equiv- 
alents. After “reading” the mateiial to be 
translated by means of a pliotoelectiic 
scanning device, the machine would look 
up the words in its built-in dictionary, 
and pass the translations on to electric 
typewriters. If the machine came across 
a strange word not stored m its diction- 
ary, it would chop up the word until it 
found lecognizable segments or syllables 
and give the meaning of those; from 
these Iragments the meaning of the 
whole word might be deduced. 

While translating machines might not 
be able to do juslico to the linguistic 
niceties of literaiy or diplomatic English, 
Richens is convinced they could tians- 
late scientific articles. “The resultant 
translation would be highly artificial and 
would be what I would call standardized 
pidgin English. This, though no doubt 
highly lepugnani to those whose main 
interest ... is esthetic, will constitute no 
obstacle to those whose chief pin pose in 
using such a machine is to find out what 
the original is about.” 

Refined Pi 

I N the middle of the 19lh ccntuiy a 
dogged English mathematician named 
W. Shanks computed the value of pi, 
the ratio of the circumference of a circle 
to its diameter, to 707 decimal places. 
The job took him moic than 15 years. 
Later mathematicians were content to 
let Shanks hold the lecord. Recently, 
however, some mathematical machine 
operators yielded to an irresistible temp- 
tation and presented the problem to 
Eniac, the all-elecrtomc calculator at the 
Army's Ballistic Research Laboratories 
in Abeideen, Md. The machine's 18,800 
tubes went into action and computed pi 
to 2,040 places. Time: less than 24 houis. 

Permanently Creaseproof 

T extile chemists have been work- 
ing for some time on the problem of 
making fabrics creaseproof. During the 
war they developed a method of treat- 
ment with plasticslike resins that made 
rayon as wrinkleproof as wool. But the 
treatment is not permanent; the sub- 




sLmc‘c\s cUe simply deposited ou the siu- 
luce ol the uiyou fibers, diul wash off 
aftci lepeated hiundeimgs. 

A new piocess luis now been woiked 
out which IS leiilly poiinciiienl. Devel- 
oped by D D, Gagluudi and I. Giunt- 
iest of die Rohm & Haas Gompany in 
Philadelphia, it cliangcs the basic chemi- 
cal stiuctme of layon by Inulding ceitam 
foirnaldeliyde-contauiiiig compounds in- 
to its molecules The piocess inci eases 
the elasticity of the fibeis so that they 
spring back into place al tei being twisted 
01 bent. It docs not a(lect the apjicaiaiice 
01 stiength oi the labiic Gaghaidi and 
Giuutfest hope to peifect a similar pioc- 
ess foi making cotton wiinklepioot. 

By comparable chemical alteuitions 
liugh C. Gullodgc and George R Seidel 
of E. I. du Pont do Nemoius Com- 
pany have been able to make cotton 
and layon fire-iesistant. Their piocess 
mtioduces antimony and titanium atoms 
into the fibei molecules. Ralph G. li. 
Siu of the Army Quarterniastci Laboia- 
toiies in Philadelphia has also icpoited a 
method ol chemical icconsLiuction that 
piotects tenting material and othci can- 
vas labiics against mildew. 

Hypersonic W ind Tunnel 

T he laslest air How cvei icached m 
a wind tunnel was lopoited last 
mouth at the Ckilifornia institiile ol Tech- 
noiogy. The How in a new tunnel just 
constiucted thcie attained a speed of 
moie than 7,600 miles an lunir^-JO times 
the sea-level velocity ol sound. The pie- 
vious recoid, 5,300 miles an hour, was 
set about six months ago in a supersonic 
tunnel at Langley Field, Va. 

The “hypei sonic” wind tunnel at Cal- 
tech is a joint pioject of the Institute and 
the Army Ordnance Department. The 
apparatus is housed in a special building, 
but the test section itself is only 25 square 
inches m cross section and lour feet long. 
Air at high }:)iessmcs enters through a 
papci-thin slit, drops to a temperatuie of 
about 430 degiees below zero Fahien- 
heit, and expands suddenly to pick up 
tremendous sj^eeds on its brief trip 
through the chamber. It flows past a 
locket model the size of a cigarette for 
testing of the lockeFs aeiodynamic prop- 
er ties. 

The tunnel is to be used in the devel- 
opment of improved rockets and guided 
missiles. According to published state- 
ments, the top speed attained by a rocket 
so fai is 5,200 miles an hoiu, achieved 
by a Wac Corporal missile released from 
the nose of a German V-2 last Febiiiary. 
But higher speeds are in the offing, if 
they have not already been attained. 
Theie is a shortage of laboratories to test 
new models. Of the nations estimated 
125 wind tunnels, only about 30 are su- 
personic. Before Congress adjourned, it 
voted more than $252 million for new 
tunnels. Most of them will be in the 
faster-than-sound class. 
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The demand for liquid and gaseous fuels must sooner or later 
outstrip our resources of petroleum and natural gas. What of 
the processes that get these fuels from such solids as coal ? 


T he British novelist and critic E. M. 
Forster has recently been deploring 
the '‘implacable offensive of Sci- 
ence.” He believes tliat “we cannot reach 
social and political stability for the rea- 
son that we continue to make scientific 
discoveries and to apply them, and thus 
to destroy the arrangements which were 
based on more elementary discoveries.” 
He concludes that our chances for hap- 
piness in the future would be improved 
if we lapsed into a period of “apathy, 
uninventiveness, and inertia.” 

Forster is not alone in this view, of 
course. But those of us who are directly 
concerned with the “implacable offensive 
of Science” aie under no such illusion. 
We are all too aware of the disaster 
awaiting civilization if a moratorium 
were to be called upon the advance of 
science. Indeed, we are by no means sure 
that science and technology can move 
forward rapidly enough to prevent the 
disaster* 

The human race has multiplied and 
reached its present thriving condition at 
the expense of a fantastically high rate 
of consumption of irreplaceable natural 
resources such as minerals and fuels, and 
of depletion of renewable resources such 
as fertile lands and fresh waters. The 
only difference of opinion as to the 
threatened consequences is concerned 
%vith the timetable. In the case of fossil 
fuels, the optimists believe that the U. S. 
has enough coal, petroleum, natural gas 
and oil-shale to last about four centu- 
ries. The pessimists put the period of 
abundance at one century, and even this 
is based on the proviso that we are able 
to extract these fuels as fast as needed 


by Eugene Ayres 

up to the end. Of course we know that 
as leserves aie depleted a high late of 
production cannot be maintained. While 
production goes down, demand will go 
up, which will mean a long period of in- 
creasing scarcity—unless science finds 
new sources of energy. 

To appreciate the importance of the 
fuel problem one must try to imagine a 
world in which the manufacture of steel, 
clothing, drugs, books, food products, 
every tiling, gradually closes down; in 
which we can no longer heat our homes, 
or, in ‘fact, build any homes except of 
logs or mud; in which we are reduced to 
the tools and weapons of the prehistoric 
cave man; m which there is no trans- 
portation except by domesticated ani- 
mals, no communication network, and a 
food supply sufficient to take care of only 
a small fraction of the people who now 
inliabit the earth. This denouement is 
possible only if we stop using our tech- 
nical wits, but it is inevitable unless we 
apply knowledge which we do not now 
possess. If the offensive of science re- 
mains implacable, there is every reason 
to expect that it will develop new sources 
of energy sufficient to supply even the 
augmented future needs of mankind. 

The problems that must be solved dur- 
ing the next few decades extend into all 
branches of science. Some of the more 
distant problems are concerned with the 
conversion of solar energy into useful 
heat and power, with the storage of en- 
ergy, with the maintenance of fertility 
and with the distribution of fresh water. 
One of the more immediate problems is 
concerned with the conversion of solid 
fuels to liquids and gases, and it is this 


small phase of the over-all problem that 
we shall examine hcie. 

Future of Petroleum 

The synthesis ol liquid and gaseous 
fuels is imporlanl: because ( 1 ) the 
world, particularly the U. S,, is commit- 
ting itself irrevocably to a liquid and 
gaseous fuel economy, and (2) produc- 
tion of petroleum and natural gas is sure, 
sooner or later, to decline. We expect to 
need more and more but we shall finally 
obtain less and less. The consensus of 
experts in the petroleum industry, as 
summarized by a Congressional commit- 
tee in 1947, is that petiolcum production 
m the U. S. will reach its peak between 
1955 and 1960, and that by 1967 pro- 
duction will be no more than a billion 
barrels a year— about half of our present 
rate of consumption. 

Petroleum geologists find that while 
total additions to proved reserves con- 
tinue to come along in gratifying volume 
each year, these additions are made up 
to an increasing degree of extensions and 
re-estimates of old fields. The number of 
new fields found each year lemains about 
the same, but the fields are smaller. We 
find more million-barrel fields, fewer 10- 
milhon-barrel fields and almost no 100- 
milhoii-banrel fields. The indications are 
that we may already be on the descend- 
ing part of the curve of discovery. It is 
conceivable that unexpected discoveries 
of very large new oil fields may occur. 
But to be realistic let us consider the 
largest oil field ever found in this coun- 
try— East Texas. The cumulative produc- 
tion of this field over the 18 years of its 
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life so lav luis l)ccn 2.5 billion bands. 
Tins is only u little inoie than a single 
year’s consumption in the U. S. at pres- 
ent, and less than the expected consump- 
tion in the year 1955. Another ''East 
Texas” could postpone our peak of pro- 
duction only a few months. 

The peak of production may be post- 
poned by various other factors, A long- 
extended economic depression might re- 
duce our deriiand lor petroleum. Politi- 
cal pressure may be bi ought to bear to 
increase the ratio ol production to proved 
reserves, thus putting the peak a little 
farther away. (We would pay for this 
reprieve by a swifter descent of produc- 
tion later, and by a somewhat lower total 
recovery of oil from the fields.) We may 
supplement domestic production by im- 
porting oil from foreign fields. This 
would be logical and effective, for the 
peak of world production should come 
several, perhaps many, decades after the 
peak of U, S. production. Yet allowing 
for all possible postponements, the day 
of petroleum shortages cannot be very 
far away. 

Predictions lor natural gas aie some- 
what more difficult and uncertain. Some 
gas is produced in association with petro- 


leum; some is not. Geologists believe 
that an increasing proportion of our gas 
discoveries will be tied to petroleum dis- 
coveries, and this would seem to indi- 
cate that the two fuels are m pietty much 
the same category. The probability is 
that the peak ol gas production will be 
later than that of petroleum (because we 
are not using gas at as high a proportion 
of its reserve), but that the descent of 
the gas production curve will be even 
more rapid. 

The factor of greatest importance in 
speeding the day of shortage of liquid 
and gaseous fuels is, of course, the way 
in which we are becoming increasingly 
insistent upon devices that require such 
fuels. We must have our motor cars, our 
airplanes, our agricultural machinery, 
our Diesel-electric locomotives, our oil- 
burning and gas-burning domestic fur- 
naces. We aie rapidly giving up coal as 
a fuel for many purposes: the manufac- 
ture of coal-steam locomotives has come 
to a virtual halt and many old locomo- 
tives are being junked; almost no coal- 
burning ships are being built; relatively 
few coal-burning furnaces are being in- 
stalled m new homes; even stationary 
power plants, because of a temporary 


economic atti activeiicss of liquid fuel, 
arc converting to oil. 

So one of our major pioblems is to con- 
vert our vaiious kinds of solid fuel to 
liquid and gas. On strictly economic 
grounds the necessity lor doing this is not 
immediately apparent, because for some 
time to come it will be moie profitable 
to import oil from foreign fields than to 
convert domestic solids. But there is a 
natural reluctance to be dependent for 
the lifeblood of our industries and our 
military establishment upon the fiiend- 
liness of other nations. And in any case, 
as the other nations of the world rise to 
a higher state of industrialization, inter- 
national competition for oil will grow 
keener and the price will rise. All this 
should stimulate technological research 
to lower the cost of synthesis of liquid 
fuel and make it competitive. 

The Two Sources 

The most abundant of the solid fuels 
may be divided roughly into two classes: 
the oil-shales, which aie largely inor- 
ganic, and the coals, which are largely 
organic. The oil-shales are rocks that 
contain some carbonaceous material fair- 



.. CLIFFS OF OIL-SHALE tower above the Bureau nif The mine area is barely visible at upper left, A resi- 
Mines Oil Shale Demonstration Plant near Riflcj Col. dential area is at lower left. The plant is at right. 
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SUPPLY AND DEMAND of liquid fuels is piedicted, largely ou the basis 
of the testimony of experts before a Congressional committee in 1947» Gap 
might be filled by importing petroleum or converting solid fuels to liquids. 



CENTS PER GALLON 

WYOMING CRUDE PETROLEUM 

12.2 

NATURAL GAS BY FiSCHER-TROPSCH 

15.0 

OIL-SHALE 

22.5 

INDIANA BITUMINOUS COAL BY FISCHER-TROPSCH 

22.5 

MONTANA SUBBITUMINOUS COAL BY FISCHER-TROPSCH 

27.6 


RELATIVE COST of gasoline synthesized from various raw materials has 
been estimated by experts of Stanolind Oil and Gas Company. Cost of con- 
verting coal will probably be reduced more than that of convei-ting oil-shale. 



HYDROGENATION OF COAL is conducted in a demonstration plant built 
by the Bureau of Minces near the town of Louisiana, Mo. The pipes and ves- 
sels shown in this picture mate up the distillation area of the plant. 


Iv iicli in hydiogeii, and they tlieieloie 
yield some gas, licpiid and coke when 
heated. The coke camioL be lecovered, 
because it is associated with the pic* 
dominant lock, but it can be burned to 
piovide the heat foi “letoitmg” processes 
that lecover oil and gas from the lock 
The earth has an abundance of shale 
capable of yielding 30 or moie gallons of 
oil pei ton 

The coals aie caibonaceous bodies of 
vaiymg hydrogen content and with van- 
able but minor amounts oi moiganic 
matenak The coals, like oil-sbales, yield 
gas, liquid and coke when heated, but 
m this case the coke is a major le cover- 
able pioduct, there is much moie coke 
than is needed as luel to supply heat tor 
the conveision Anthracite, which con- 
tains veiy little hydiogen, yields little 
gas or liquid. The bituminous coal now 
used foi coke-making yields on the aver- 
age about 10 gallons ol liquid pei ton. 
This liquid yield can be laised to 30 gal- 
lons pel ton by retorting at a lower tem- 
peiatuie, but the coke made in this way, 
while an eminently sulisfactoiy fuel, is 
not suitable loi blast-fuinacc use. Some 
laie coals, containing more hydrogen, 
will give up to 100 gallons ol oil pei ton, 
and so will some raic oil-shales. 

The liquid and gaseous luel industries 
actually stalled not with the discovciy 
of peti oleum and ualiual gas hut with 
the conversion of coal and oil-shalc. The 
coking of coal is a very old art. Coke was 
used lor house-heating as early as tjie 
yeai 1587, when Mary Queen of Scots 
was beheaded by Queen Elizabeth. The 
first patent on a process foi coking coal 
(British Patent 15} was issued in the 
year 1620, when the Pilgrims made their 
histone voyage on the Maijfiotocr Coke 
was fiist used for blast-furnace opeia- 
tzon, replacing charcoal, in 1709. The 
gas, tar and chemicals boiled off in coke- 
making were at first disregarded, but m 
the year 1760, when James Wall was 
beginning his experiments with the 
steam engine, an attempt was made to 
commercialize the lecovery and use of 
the gas and tar. By 1792 tai was m 
piofitable coitimeicial production. By 
1812, the yeai of NapoleoiTs i eh eat 
from Moscow, moie than 120 miles ol 
coal-gas pipeline had been laid m Lon- 
don. 

Meanwhile it had been found that 
liquid fuel could be recovered Irom oil- 
shale. In 1815 (Waterloo) commercial 
oil-shale retorting was slaited in New 
Biimswick, Canada, and between 1850 
and 1860 moie than 50 commeicial 
plants were in operation on the eastern 
seaboard of the U, S to distill oil from 
shale imported from Canada and fiom 
cannel coal imported from Scotland. 
These plants formed tlie nuclei of the 
petroleum lefineries that were to come 
along later Cannel coal (so called be- 
cause it was found to burn like a candle) 
is a solid fuel intermediate between oil- 
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sluilc and coal Di.scovcicd hi Scotland 
m limited ((iiaiititios Indoic 1850, it came 
into great demand as a soiiice ol kero- 
sene or “coal oil.” The Scottish supply ot 
cannel coal was soon exhausted, and 
Scottish plants tinned to oil-shalc, which 
was in gi cater supply. The oil-shale le- 
toiting industiy has continued on a mod- 
est scale m Scotland ever since 

The mining of oil-shalc in Scotland 
has always been a laborious and expen- 
sive opeiation. Much of the shale is 300 
leet below the surlacc, and Scottish min- 
ing has novel become highly mechanized. 
The ictoiting ol the shale has improved 
only slowly—at fiist because the opeia- 
tion was piofitable with ciudo technolo- 
gy, and latei because the industry was 
subsidized by the British Govcinmcnt as 
a gesture towaid nationalistic self-siifB- 
ciency. Ordinarily there is little incentive 
for lesearch and development in a sub- 
sidized industiy where profits aic nom- 
inal and fixed by governmental fiat. In 
the early days, however, James Young 
became sufficiently wealthy from shale 
oil manufacture to finance the last Alii- 
can expedition ol the Scottish missionaiy 
and explorer David Livingstone. 

In tin’s coimtiy, the oil-shale industry 
was abandoned as soon as ample supplies 
ol petroleum and natural gas weie found. 
The recovery of licjuid and gaseous iucls 
iiom coal, however, was continued, be- 
cause ol local inaikets for gas, coke and 
chemicals. The fust reasonably complete 
lecovciy coke-ovens in this country wcie 
installed at Syiacusc, N. Y., by the Sol- 
vay Process Company m 1898. Their 
piimary objective was not the coke, nor 
the liquid and gaseous fuels, noi the 
aromatic chemicals, but the ammonud 
However, the other materials were ap- 
preciated— paiticulaily the gas, then 
highly prized foi lamps, 

4 Cafsl of Characters 

In 1900 John D. Rockclellei, then 61 
years old, was putting the finishing 
touches to his petroleum empire. His 
oiiginal Standaid Oil “bust” had been 
dissolved just a year befoie. His empire 
was a tiny thing by modem standaids. 
All the oil that had been produced in the 
U. S. up to that time would not have 
sufficed to operate our present economy 
lor six months. The principal use of 
liquid fuel was still for kerosene lamps. 

A stiange assortment of conlempo- 
lanes of Rockefeller, however, was des- 
tined to be instrumental in making him 
one of the wealthiest men of all lime, 
and in bringing about a more radical 
change in our way of life than had any 
other set of people in the history of the 
human race. Rockefeller might have 
been mildly interested in some of these 
men, but he could not have realized at 
that time the vital character of the new 
technical ideas that weie then already 
under development, and the magnitude 


oi the ibices ol consumption that were 
aliout to be unleashed. 

One of the men he would have been 
least likely to understand was Josiali 
Willaid Gibbs, professor of mathemati- 
cal physics at Yale University, who by 
1 ounding the science of physical chemis- 
tiy laid the basis for modern chemical 
engineering and the processes that were 
to levolutionize fuel chemistiy. Another 
was the German chemist Wilhelm Ost- 
wald, who, building on cailici investiga- 
tions by [ons J. Berzelius of Sweden, 
Michael Faraday of England and Lud- 
wig F. Wilhelmy of Geimany, was the 
first to suggest the gieat impoitance of 
chemical catalysts. Then theie was the 
brilliant French chemist Paul Sabatier, 
who dining a classical series of experi- 
ments with contact catalysts had pio- 
diiced a cabilytic leaction between cai- 
bon monoxide and hydiogen to make 
mctliane, thereby establishing the start- 
ing point lor the most important of pies- 
ent projects for the manufacture of syn- 
thetic fuel. He was to discovei many 
othci hydrogenation reactions that weie 
latei to be applied to the solution of the 
fuel problem. There was Thaddeus S. C. 
Lowe, an Ameiican cngincei who, seek- 
ing .1 process to make water-gas to m- 
flalc balloons, had succeeded in iDuilding 
the fiist ])raclical plant in this countiy 
lor the production oi caiburcted water- 
gas lioin coke, Thcie was Carl von 
Linde, a German engineer who had built 
the fiist practical plant foi the liquefac- 
tion of an* and the prepaiation of oxygen, 
winch was to liecome a commercial 
means lor the conveision of the batch- 
wise water-gas process to a continuous 
piocess. There was Charles E Robinson, 
metallurgist, who, attempting to impiove 
the roasting of oies, had taken out a pat- 
ent on the idea of bunging gases into 
contact with finely divided solids— an 
idea that was to become of gieat im- 
portance in fuel catalysis. There was the 
young Russian chemist Vladimir N. 
Ipatieff, who had started his pioneering 
work on catalytic reactions under high 
piessiires and at high temperatures, 
which was to create the basis for the 
piocesses of destructive hydrogenation 
of oil and coal. 

In another pait of the forest was a 
group of contemporaiies and near-con- 
temporanes whose work was destined to 
Cl e ate huge markets for liquid fuel: 
Nikolaus A. Otto, the Geianan engineer 
who had developed what has since been 
called the “Otto cycle,” upon which all 
conventional gasoline engines are based; 
Rudolf Diesel, who had just invented the 
oil-buining engine that bears Ins name; 
the German engineei Wilhelm Maybach, 
who had applied Otto’s engine to a vehi- 
cle and had added the spi ay-nozzle cai- 
biiretor, the honeycomb radiator and the 
variable speed gear to make perhaps the 
first “horseless carriage”, Samuel P, 
Langley and the Wright hi others, who 


succeeded m flying the first powei -driven 
airplanes, Nikola Tesla, who had just in- 
vented the alteinating-ciirient electric 
motor, Thomas A. Edison, who had de- 
veloped a jHactical incandescent electric 
lamp, Chailcs H. Cramp, who was de- 
veloping the conveision of ships from 
sail to steam. None ol these men, least of 
all John D. Rockefeller, could have ap- 
preciated the consccpienccs of their acts. 
In 1900 no one could have foreseen the 
40 million automotive vehicles on the 
road today, oi the half-million barrels a 
day of fuel consumed by the airplanes 
oi World M^ir fl, to say nothing of the 
ewen greater consumption of our planned 
fleets ol jet planes. 

The beginnings of the technical 
knowledge tliat was to cieate the liquid- 
fuel era wcie all present, but they were 
only beginnings. Extiaordmaiy pi ogress 
in lescaich m many different fields was 
to be made during the next 50 yeais. The 
pc ti oleum industry was to giow into an 
indispensable giant seiving us in count- 
less ways through machines of siipeila- 
tive ingenuity. And the piocesses of 
liquid-fuel synthesis were to be devel- 
oped toward the stage where they could 
piolong the liquid-1 iicl era lar beyond 
the relatively puny hie ol polrolciun it- 
self. These piocesses are apiiioaching 
the stage ol economic practicality, and 
they could be invoked even now in an 
economic or national emergency. 

Conviutiiig Oil-Sluile 

What are the problems that lie before 
us in converting our lesources of solid 
fuel into liquid fuel? Let ns consider oil- 
shale first. There is an abundance of oil- 
shale in Colorado, and ample additional 
supplies m Utah and Wyoming. With 
the knowledge of this abundance and of 
the need to make large-scale use of shale 
oil at some future date, consideraldc 
woik has been done on vaiioiis phases 
of the problem. The major progress so 
far has been in mining, in which the Bii- 
]*ea ol Ivfines has done a magnificent job. 
The problem in Colorado is much sim- 
pler than in Scotland or in other oil-sliale 
locations because ol the great thickness 
and accessibility of the beds. We now 
have tremendous machines that lacili- 
tate mining, for example, there are 
power scoopis used in the sti ip-mining of 
coal that take 45 cubic yards in one 
scoop, whereas the largest power scoop 
used loi the construction of the Panama 
Canal had a capacity of only eight cubic 
yards. Until lecently, one man in a 
mechanized mine could produce about 
six tons of coal per day; now under cer- 
tain favorable conditions one man can 
mine up to 100 tons per day. The Bureau 
of Mines furthermore has developed a 
unK[ue mining system specifically ap- 
plicable to the oil-shale beds. 

Several new processes are under devel- 
opment for the retorting of shale. They 



involve the gimding of the shale and 
the continuous passage of the ground 
material through a chamber with a coun- 
ter cuiTent passage of air or hot gas. The 
improvements ovei eaidier piocesses 
come primarily from the use of more 
modem chemical and mechanical engi- 
neermg design, and this, in turn, comes 
laigely from the quantitative i elation- 
ships developed by the academic mathe- 
maticians. The refining of crude shale oil 
to obtain products of competitive quality 
presents no serious problems that are not 
encountered in the refining of the less de- 
sirable grades of crude petroleum. Ex- 
cept for its higher cost, shale oil is a per- 
fectly satisfactory substitute £oi crude 
petroleum 

Chief among the general problems still 
to be solved in the commercial pi educ- 
tion of shale oil is the aridity of the le- 
gions m which oil-shale is found. While 
the production of crude shale oil re- 
quires only a tenth as much water as the 
coal conversion processes, the problem 
will still be formidable. In the Western 
states, where the bulk of our reserves of 
coal and oil-shale he, there is a grotesque 
contrast between the robust grandeur of 
the land masses and the pathetic trickle 
of the rivers. Another problem is the 
disposal of ash. We are accustomed to 
thinking of ash as a little bit of stuff that 
is left over In the case of shale we shall 
have, on the average, well over a ton of 
ash for every barrel of oil. And this ash 
is material without fertility. It has been 
estimated that we may ultimately obtain 
about 365 billion barrels of shale oil. 
This would leave enough ash to covei the 
entire state of Goloiado to a depth of 10 
feet. Much of it could be dumped in the 
huge canyons of the oil-shale regions, 
and it would seem that the first billion 
tons will not be impossible to manage, 
but the disposal of 500 billion tons will 
require extraordinary ingenuity. 

When the oil-shale industry develops, 
it may well find ways to convert some of 
the wastes into useful chemical by- 
products containing nitrogen or oxygen 
or sulfur. The by-products from oil-shale 
distillation include new chemicals such 
as the substituted pyrroles. And large- 
scale production of shale oil could yield 
as a by-product more ammonia than is 
consumed in present world markets. We 
may be thankful some day for such a 
generous source of supply. 

Hydrogenation of Coal 

Now what about coal as a source of 
liquid fuel? In the long run we can ex- 
pect to obtain much more oil from coal 
than from shale. In the case of shale the 
modern problem is to utilize the best 
possible engineering to get, at lower cost, 
about the same yield of fuel as in the 
19di century. In the case of coal the 
modem problem is to apply 20th-century 
chemistry to increase the yield of liquid 


fuel to seveial times its normal value. 
One way to accomplish this is by hydio- 
genation 

The term hydrogenation has come to 
be used for any leactions that are earned 
out in the presence of hydrogen. The 
original organic hydiogenations were 
those in which hydrogen was added to 
an unsaturated molecule to make a more 
saturated one; tliis is the process used in 
making paraffins from olefins, oi vege- 
table shoitening from vegetable oil. 
In the latter case the hydiogenation 
changes a liquid to a solid. The hydro- 
genation of coal is an entirely diffeient 
thing. The physical result happens to be 
the change of a solid to a liquid. Chemi- 
cally there is a reduction in aveiage 
molecular weight (instead of a slight in- 
crease) and a reduction instead of in- 
crease in the degree of hydrogen satu- 
ration. An illustrative reaction is the 
addition of one mole of hydiogen to one 
mole of diphenyl to make two moles of 
benzene. Here we do not get the volume 
decrease characteristic of classical hy- 
drogenations, because the consumption 
of hydrogen has been accompanied by 
decomposition. Another diffeience is in 
the effect of catalysts. The hydiogena- 
tion of coal is speeded up only moderate- 
ly by catalysts, whereas classical hydro- 
genations frequently do not occur at all 
without catalysts. 

In 1913 Friedrich Bergius, a German 
chemical engmeer, discovered that cer- 
tain kinds of coal could be almost com- 
pletely liquefied by heating the coal to 
a high temperature under a high pressure 
of hydrogen. This work was an extension 
of the eailier work of Ipatieff. Bergius 
did not at first use a catalyst, and his 
reaction was batch-wise (noncontinu- 
ous) and slow. It is stiU batch-wise and 
slow. There is enormous room for im- 
provement in the catalysis of coal hy- 
drogenation. The intense world-wide 
search since 1913 for catalysts for this 
purpose has been characterized by a 
frantic desire for patent protection rather 
than by a scientific quest for ti’uth. All 
the metallic elements of the periodic 
table (except two rare ones), and end- 
less combinations of them, have been 
patented as catalysts. These patents 
have now expired. The catalysts de- 
sciibed are nearly all worthless; the best 
of diem merely double the rate of reac- 
tion. In shai*p contrast, a typical catalytic 
reaction in petroleum chemistiy— the use 
of sulfuric acid to speed up the reaction 
between butene and isobutane to make 
an aviation fuel— produces an accelera- 
tion of the process equivalent to a change 
in velocity from one foot per 5,000 years 
to 186,000 miles per second, the velocity 
of light. 

In the Bergius process for coal hydro- 
genation, powdered coal is mixed with 
tar from a previous run to make a thick 
mush. A little tin chloride or%on oxide 
is stirred in and the heterogeneous mess 


IS foicecl into a piessuie vessel with hy- 
diogen at seveial thousand pounds per 
square inch. Heie it is heated for an houi 
or so, and the lesultant stuff is sepaiated 
into (1) crude pi oducts, (2) material for 
recycle, and (3) wastes, such as ash. 
U. S engineers have added little of im- 
portance to the fundamental conceptions 
of the Geiman technologists. We have 
not yet succeeded m speeding up the 
leaction to the point where the hydro- 
genation of coal can be made truly con- 
tinuous. 

The products of coal hydrogenation 
aie about the same as those from the 
coking of coal, except that we get little 
or no coke. Some of the carbon of the 
coal appears m the liquid and gas, some 
IS used up to supply hydiogen and heat 
foi the process. The latter factor creates 
an important problem. There are only 
two sources of industrial hydrogen— hy- 
diocaibons and water. Each may be 
decomposed to make hydrogen. But hy- 
diocaibons are the things we want to 
make lathei than destroy. This leaves 
water as the only practical source, and to 
obtain hydrogen from water requiies the 
''burning up” of caibon. A diiect leac- 
tion between water and carbon forms 
hydrogen and carbon dioxide. The lattei 
is leaclily removed. However, since cai- 
bon dioxide is an unwanted, though 
inevitable, product, the geneiation ol 
hydrogen through the aid of coal in- 
volves what amounts to the destruction 
of a portion of the coal. 

For this reason the Bergius piocess has 
so far not been seiiously taken up as a 
method for producing liquid fuels, al- 
though some chemical companies have 
considered the limited use of coal hydro- 
genation for the production of needed 
chemicals, with fuel as a secondary prod- 
uct. One such plant has already been 
announced. Such a plant could produce 
large amounts of phenol or naphthalene 
—chemicals now in shoit supply. 

A promising modification of the coal 
hydrogenation process is to convert only 
the easier poitions of the coal to liquid 
and gas, the rest of the coal going to 
coke. The idea may have possibilities, 
because the reactions are more lapid, le- 
quire less hydrogen and take place at 
lower pressuies. The process involves 
less over-all waste of fuel. The yield of 
liquid is lower than from complete hy- 
drogenation, but additional supplies of 
liquid can be obtained from the coke 
by another process, 

Fisclier-Tropsch 

This is the so-called Fischer-Tropsch 
process, an idea fundamentally different 
from that of Bergius, After Sabatier had 
shown that carbon monoxide could be 
hydrogenated over a nickel catalyst at 
^ atmospheric pressure to make methane, 
other investigators began to try the 
higher-pressure technique developed by 
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HYDROGENATION PROCESS is oiillined in a simpli- cral thousand pounds of pressure in llie i)rescncc of a 
ficd flow eharl. Powdeivjd coal ivS mixed with tar from a catalyst and hydrogen {converter) ^ The principal draw- 
previous run {paste mixer) and tlien subjected to sev- back of the process above is that it is not conliiiiious. 



FISCHER-TROPSCH PROCESS begins with air and combustion is carbon dioxide, which can be reduced ' 
any carbonaceous material that will burn. In this case with hydrogen to form carbon monoxide, which in turn 
the combustible material is coal. The product of its can be reduced with hydrogen to form hydrocarbons. 
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Ipatieff. They clisco\eied that under 
these conditions the hydiogeiiated piod- 
uct was not pi edominantly methane but 
a nnxtuie of hydrocarbons of various 
molecular weights, some of them liquid 
Eventuall}' ceitain mvestigatois whose 
names aie lost to fame found that the 
use of higher pressures and suitable cata- 
hsts yielded methanol as the predom- 
inant pioduct, while moie modeiate 
pressures and other catalysts produced 
various other liquid and solid hydiocai- 
bons. Two German chemists, Hans 
Fischer and Franz Tropsch, publicized 
this woik in 1922 and foi this modest 
contribution achieved technical immoi- 
tality. 

The raw product of the Fischer- 
Tropsch process is carbon monoxide and 
hydiogen. This mixture is known as syn- 
thesis gas It is possible to prepare these 
gases from any carbonaceous material 
that will burn. This includes wood, char- 
coal, oil-shale, coal, coke, natural gas and 
other hvdiocaibon gases. When these 
materials are burned with plenty of oxy- 
gen or air, we get carbon dioxide, which 
can be reduced with hydrogen to caibon 
monoxide, which in turn can be reduced 
with more hydrogen to hydrocarbons. 
Such a procedure is extravagant in its 
hydiogen requirement. As we have seen, 
it is desirable to use a sequence of reac- 
tions that will require a minimum of 
hydrogen. This end can be attained in 
various ways. For example, incomplete 
combustion of carbon gives carbon 
monoxide instead of carbon dioxide, dms 
minimizing the need foi hydrogen to re- 
duce caibon dioxide Incomplete com- 
bustion of caibon in the piesence of 
steam gives both caibon monoxide and 
hydrogen. The two gases can be ob- 
tained also from the incomplete combus- 
tion of hydrocarbons or by the reaction 
between hydrocarbons and steam. The 
selection of the plan depends upon eco- 
nomics. 

Some of these reactions give more than 
enough hydrogen for the synthesis while 
otheis give too little or none. The ratio 
of hydrogen to carbon monoxide in the 
product can be increased by means of a 
simple catalytic reaction between caibon 
monoxide and water to give carbon diox- 
ide and hydrogen. This reaction is tech- 
nicalh' useful but essentially wasteful 
because it diverts some of the carbon to 
carbon dioxide. 

lou will note that many of tliese re- 
actions involve oxygen. Most continu- 
ous processes require reasonably pure 
oxx’gen, because when air is used the 
synthesis gas product is diluted with 
nitrogen, which impedes satisfactory hy- 
drocarbon formation. There is a definite 
possibifit}’, however, that a technique 
can be worked out which will yield nitro- 
gen-free synthesis gas even when air is 
used instead of oxygen. Some of the more 
optimistic cost estimates for the manu- 
facture of motor fuel from coal by the 


Fischei-Tiopsch piocess assume that air 
combustion can be made practicable. 

The Cost Problem 

The various reactions mentioned for 
the pieparation of synthesis gas aie not 
new. Synthesis gas is merely the water- 
gas of the 19th century, adjusted for 
ratio of components, and prepaied ac- 
cording to identical chemical piinciples 
Water-gas is now being manufactured 
foi use as a domestic fuel, as a source of 
hydiogen foi synthetic ammonia, and in 
the synthesis of methanol Foi these 
three pui poses, water-gas has been 
cheap enough, but all the water-gas now 
manufactured in this countiy would not 
make more than 16,000 ban els a day of 
motor fuel— a tiny fraction of our motoi 
fuel consumption. If we are to use water- 
gas as a basis foi liquid motoi fuels, we 
shall have to leain how to make it much 
more cheaply than it has been made in 
the past. The trouble with the old watei- 
gas process is that it is not continuous 
and it woiks well only when coke is used 
as the solid fuel. The synthetic liquid- 
fuel industiy cannot afford to stait with 
expensive coke. 

The Fischer-Tropsch synthesis itsell: is 
fundamentally veiy simple. You have a 
catalyst chamber. You put in gas at one 
end and take out gas from the other end 
The gas going in is a mixtuie of one part 
carbon monoxide with about two parts 
hydiogen. The gas coming out contains 
hydrocarbons. The process can be regu- 
lated to give only gas or to give an opti- 
rnmn yield of liquid fuel. It may be made 
to give wiix with up to 2,000 carbon 
atoms per molecule, or to give a variety 
of oxygen-contaimng chemicals Even 
under conditions believed to be optimum 
for gasoline, some ethyl alcohol is 
formed. So, in spite of the simplicity of 
the process idea, it is necessary to con- 
trol a laige numbei of process variables 
in 01 del to make the things that are rela- 
tively profitable and to avoid making the 
tilings we do not want. 

Beai m mind that the successful devel- 
opment of this process would not only 
give us liquid fuels but would also give 
us cheaper domestic gas, synthetic am- 
monia and methanol, and a convenient 
method for making many useful chemi- 
cals, such as alcohols, acids, esters and 
various other organic compounds. 

The propoitions of the various hydro- 
caibon products yielded by the Fischer- 
Tropsch piocess depend upon the cata- 
lyst used and upon a dozen conditions of 
operation. The catalyst preferred by the 
Germans was cobalt The catalyst pre- 
ferred in the U. S is ii*on, because iron 
permits the use of higher temperature 
ranges without bad effects and is less 
costly. At higher temperatures the re- 
action takes place more rapidly, which 
means that equipment for a given capac- 
ity is much smaller, which means that 


fixed cliaiges on the manulactiue come 
down to a moie reasonable point. The 
highei tempeiature means that fewer 
chemicals ai e formed Even with the iron 
catalyst, however, the volume of chemi- 
cals may ultimately piove to be a stiaiii 
on market demand. The non catalyst also 
has made possible the production of lela- 
tively Ingh-octane-numbei gasoline in- 
stead of the abnoimally low-octane-num- 
ber gasoline obtained with cobalt. 

Coal V. Shale 

Real piogiess has been made in the 
Fischei-Tiopsch piocess during the past 
tew years. Technologists in this countiy 
have 1 educed the lequiiement of steel 
(i.e , jilant) pei bairel of pioduct to one 
fifth of its pievious figuie. However, we 
must not lose sight of the fact that the 
Fischer-Tropsch process is a net con- 
sumei of eneigy, that is, the liquid fuel 
it produces yields less eneigy than is re- 
qmied to pioduce it. We cannot think of 
the complete conveision of coal to liquid 
by any process as conseivation of oui fuel 
resources. It is, instead, a wasteful expe- 
dient til at can be jusUfied only by a com- 
pelling necessity to produce more liquid 
Kiel than can be obtained lioin other 
soiiices. This is in sharp coiiLuisL with the 
conveision oi oil-shale, which is not usa- 
ble as a fuel until it is treated to recover 
its oil. Ev^eiy Iran el ol oil recoveicd fiom 
shale would avoid tlic eventual destruc- 
tion of a quaitei ol a ton of coal. Thus 
shale oil lecoveiy would constitute a 
most impoitant measure of conservation. 

The essence of the problem of future 
development of the Fischei-Tiopsch le- 
action IS the finding ol means to balance 
the power leqimed by the piocess with 
the power produced, through the utiliza- 
tion of a minimum of plant and equip- 
ment pei ban el of product. By the time 
it is necessaiy to use the piocess on a 
laige scale many economies will have 
been developed and the piocess will be 
applied in judicious combination with 
other piocesses. An example of such a 
combination would be the low-tempeia- 
tiue coking of coal, the use of the coke 
as industrial fuel to the extent that mar- 
kets could absoib it, and the Fischei- 
Tiopsch conversion of the remainder. 

This combination would seem to be 
a much more logical first step than the 
conveision of oil-shale. It seems most 
unlikely that W'c shall turn to the proc- 
essing of oil-shale to get fiom each ton 
30 gallons of ciude oil plus ash as long 
as 30 gallons of crude oil plus coke 
can be obtained fiom a ton of coal more 
cheaply. The former does not make eco- 
nomic sense. The conservational aspects 
of shale oil recoveiy will be just as valid 
toward the end of the fossil fuel era as 
towaid the beginning. 

As tor the choice between hydrogena- 
tion and Fischer-Tropsch, there is no 
doubt that coal hydiogenation can be 
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gieiitly impiovcd by icscarch, but so can 
the Fiscber-Tropscb piocess. It now 
seems most piobable that hydiogenation 
will be applied in the lutuic not to coal 
but to obtain light liicls lioni heavy oils. 

Meanwhile the possibilities oL the 
veisatile and flexible Fischei-Tiopsch 
process aie being exploied in seveial di- 
lections A Fischer-Tropseli plant is now 
being elected m Texas to operate on 
natuial gas instead ot coal or coke. The 
list of chemicals expected as by-products 
m this plant leads like a catalogue oi 
aliphatics. Under picsent technology it 
does not appear possible to i educe the 
by-product ethyl alcohol cieated by the 
piocess to much less than loin per cent 
by volume of the synthetic gasoline. It is 
estimated that il only six per cent ol tlic 
country’s motor luel were made by this 
process, the by-pioduct ethyl alcohol 
would about equal the present total con- 
sumption of alcohol m the U. S., and 
would glut the maikct. The chemical 
companies are probably not woriying too 
much about this threat because not many 
plants can be built foi natuial-gas con- 
veision. Such a plant, to pay out an in- 
vestment, must be located in an aiea 
containing huge conecniiations oi cheap 
natural gas and an abundance o( fVesh 
water. There arc not many places lliat 
satisly these ic(piircmonts. And it will 
be many years befoie a subslantial pait 
of oiu moloi luel is made Irom coal. 

The Fisclier-Tiopsch process un- 
doubtedly will gi ow in importance to om 
luel economy as time goes on. Ultimately 
it may play a huge lole in tlic cleanup 
of our luel resources. Much ol the coal 
m die giound will never bo muiablc. 
Much of the oil-shale contains too little 
hydrocarbon to justify handling. When 
our oil fields aie ‘^exhausted,’’ gieat 
quantities ol' oil unrecoverable by oi- 
dinary methods, will still remain in the 
caith There will also be large quantities 
of oil 111 inaccessilile deposits of tar sands. 
The time may come when the gasifica- 
tion processes associated with Fiseber- 
Tropsch will be used as scavengers to 
recover these piecioiis residues in the 
form of synthesis gas. A little woik has 
already been done on undci giound gas- 
ification. The projects have been clumsy 
and unrewarding, but technologists aie 
not overlooking the eventual necessity of 
“the last roundup,” 

The technologists of industry and gov- 
eiiiment deserve the highest praise for 
their active exploration during the 
few years of the many intricate phases 
ol the fuel pioblcm. Much of their valu- 
able work will not be used this year or 
next, but the time will come when wc 
will find in it the means for survival. 



IN NONDESTRUCTIVE HYDROGENATION hydrogen is added to an un- 
saluralcd hydrocarl)oii molecule to make a saturated one. The hydrocarlion 
model at tlie left has two oarlion atoms at tlie bottom witli valences unfilled 
by hydrogen atoms, fn the model at the right the valences have been hlhul. 
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IN DESTRUCTIVE HYDROGENATION a larger molecule is broken down 
to smaller ones by the addition of hydrogen. Here there is a reduction in- 
stead of an increase in molecular weight. This process is speeded only 
moderately by catalysts, while the other often cannot proceed without them. 






VISIT TO POLAND 


The author travels to the land of his birth and 
makes a tour of some of its ruined but reviving 
universities. Last in a series of three articles 


I WENT to Poland at the invitation of 
the Ministry of Education to lecture 
on theoretical physics at its universi- 
ties and to acquaint myself with the 
Government’s plans for the orgamzation 
of higher learning. I looked forward to 
the visit with longing, and also with 
dread. Poland is tlie countiy of my birth. 
The longing for the country of one’s 
childhood is the longing for youth. Yet 
Poland IS not only the land of my youth, 
it is also a land of death. There my fam- 
ily, including my younger sister, whom I 
loved most dearly, was murdered by the 
Nazis. I do not even know in what man- 
ner they died. 

Before I entered Poland, I made an 
important resolution to which I adhered. 

I decided that if I did not like something 
about the country I would tell my hosts 
about it first, and not save my impres- 
sions until I had left. This resolution 
proved to be a happy one. At first I did 
not feel that I received the full confi- 
dence of the Polish ofificials, but as I 
talked freely about the things that I liked 
and disliked, I experienced the pleasant 
realization that confidence m me m- 
creased. Indeed, the Poles were more in- 
terested in my criticisms than in my 
praise The higher officials in the Minis- 
try of Education often aigued with me, 
explaining why certain tilings were done 
for historical or ideological reasons, but 
they seemed grateful that I did not come 
to them with platitudes of approval or 
dogmatic disbelief. 

When I arrived at the Warsaw airfield, 
two gentlemen were waiting for me. One 
introduced himself as the under-secre- 
tary in charge of umversities and re- 
search in the MinisDy of Education, a 
Mr. W. Micliajlow. He greeted me m the 
name of his hlinistry and introduced the 
other man, whom I later called “my 
guiirdian.” He is assistant to the chair of 
theoretical physics m Warsaw Universi- 
ty, and he had a leave of absence for a 
month to be my escort throughout my 
visit. 

We got into a car to drive to my hotel. 
I remember well the old Warsaw, where 
I lived more than 20 years ago. Now we 
drove through the remnants of streets 
and past skeletons of buildings more 
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thoroughly ruined than those I had seen 
m Berlin. My companions told me the 
names of the sheets we passed. I remem- 
bered the names well, but could not 
recognize the streets. Yet Warsaw was 
much less depiessing than I had antici- 
pated. In Berlin I had seen dead people 
walking on dead sheets, in Warsaw, the 
people were wonderfully alive. The 
sheets were overflowing with them. They 
were dressed modestly, yet with a cei- 
tain elegance that comes not from 
wealth but from a natural dignity. Work- 
ers, women and officers stood in ordeily 
lines waihng for streetcais— a strange 
sight to one who knew only the old 
Poland. When we came to Nowy Swiat 
(New World), one of the principal 
sheets of old Warsaw, I felt gieatly 
cheered. Now largely rebuilt, Nowy 
Swiat and its prolongation (called Stal- 
in’s Alley) IS almost as beautiful as it 
ever was. 

I had a comfortable room with a large 
bath in Warsaw’s best lebuilt hotel, the 
Bristol. The hotel houses a number of 
embassies and legations, among them the 
Canadian Legation, where I later had 
several pleasant visits with the Canadian 
charge d’affaires, the distinguished poet 
Kenneth Kirkwood. 

Michajlow discussed with me the 
itinerary foi my visit. He urged that I 
give as many lectures as I could, in War- 
saw and in other umversity towns, and 
asked me to study the Ministry of Edu- 
cation s new plans for graduate and un- 
dergraduate teaching m science, espe- 
cially m physics and mathematics. He 
suggested that I begm by visitmg the 
Warsaw University physics laboratory 
next day and have a talk with its head, 
Stefan Pienkowski, a foimer rectoi of the 
University. Michajlow told me that my 
escort would visit me every morning to 
aiTange appointments for me with 
whomever I wished, and that a car and 
chauffeur were at my disposal for my 
stay in Warsaw. Moreover, my hotel bill 
and expenses in Warsaw were to be paid 
by the Ministry, 

Michajlow, as under-secretary in 
chai-ge of umversities, did not at first 
sti-ike me as a very spectacular person, 
but I became more and more impressed 


with him as time went on. Tactful, un- 
derstanding and a veiy haid workei, he 
turned out to be one of the most intelli- 
gent and devoted civil seivants I have 
ever met. 

My escort, it soon developed, was 
practically indispensable. Telephones 
are so raie in Waisaw that whenevei I 
wished to see anyone I had to ask my 
escort to go trotting off to make an ap- 
pointment lor me. This was the case even 
when I wanted to visit officials at the 
Government offices, lor their telephones 
were almost constantly busy. My faithful 
escoit contributed gieatly to the coinfoit 
and efficiency ol my visit. 

The third man whom I met daily, my 
chauffeui, was my only close contact 
with “the people ” A witty man with no 
great interest in politics, he talked to me 
by the hour about Waisaw. He knew 
eveiy neighborhood of the city— how it 
looked two years ago, and how it will 
look 10 years from now. He showed me 
the sites of the bloodiest fighting dmang 
the war. He had taken part in the War- 
saw upiising, and knew the history of 
every building, almost of every stone. 
This, I discovered, was typical of War- 
saw citizens. Their city is not meiely a 
town they live m, but like a woman they 
love. Even those who severely criticize 
the Govcinment giant it one great vii- 
tue: it is lebmlding their beloved town. 
No one can fail to be impressed with the 
job done by the Polish Government in 
rebuilding its capital. 

M y fiist call in Waisaw was on Mme. 

Z. Korman, a good friend whom I 
had last seen some 20 yeais ago. A war 
widow, she is now a professor of history 
at Warsaw Umveisity, and it was she 
who had taken the initiative in having 
me invited to Poland, To reach her home 
we had to pass through the Jewish Ghet- 
to. Where once some 300,000 people 
Hved, nothing now remains except acres 
of weed-grown rubble, without the 
slightest trace of a wall or building. The 
only signs of life in this void aie a street- 
car line and road cutting through it and 
a monument erected to the fighters of the 
Ghetto, with two Polish soldiers guard- 
ing it. Nothing that I have ever seen was 
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as expressive ol Inmuin suflenng as lliese 
acres oi i nibble. It is the intention of tlic 
Polisli Government nevei toliiiild up tins 
place. It will remain forever a monu- 
ment to liuman degradation— and hero- 
ism. 

Shaken by this experience, I was re- 
lieved when we ai lived in the suburbs, 
now lebuilt with huge modern apart- 
ment houses, wlieie Aline. Jvormaii Ifve.s. 
Except loi the lack of a telephone, hei 
attractive apaitment had all the con- 
venieucGS that a professor in North 
Ameiica would have. I Jonnd that in 
geneial nniveisity prolessors in Poland 
live comfoitably. I believe this would 
not be equally 
true of people in 1 


seen him lor 15 yeais. lie is now m his 
6()s, but 1 did not dctccL much change 
m him, he is as vigorous as cvei 

I asked Pienkowski what had hap- 
pened to his Institute during the Nazi 
occupation To understand his story, it is 
necessaiy to know some background. 
Bel ore the wai Pienkowski ’s laboratory 
was one ol the best equipped in central 
Euiopc, and was known (Iiioiigliout the 
world lor its woik in specti'oscopy. The 
picwar government enlarged the Uni- 
versity’s physics building, and the Rocke- 
fellei Foundation gave a generous sum 
lor scientific equipment. About five yeais 
boloic Hitlci’s invasion ol Poland, an m- 


When Pienkowski i cl used, the Geucial 
picdicled' ‘'Grass will grow hcic; Wai- 
saw will lie a village.” Soon altciwaid 
staffs of German expeits came and 
methodically lemoved all tlie research 
equipment, teaching materials, oven the 
iuinitme. It was all done with truly 
German thoroughness, according to a 
careful plan prepared well m advance. 
To Pienkowski s pleas tlic German cdii- 
catois replied: “We must do it, even if 
we lose the war we must make it harder 
for Polish science to rise again.” 

None of this equipment was leeov- 
eiecf by Poland after the war Pienkow- 
ski told me* ‘"The Polish repaiations 
commission could 
not find any oi it. 


othei occupations 
Piofessors, writcis 
and artists aie the 
new aiistociacy in 
Poland; their 
stand aid of living 
is higher tlian that 
of physicians, 
lawyers or oven 
important Gov- 
ernment officials. 
Scientists live well 
l>ecaiiso loot! and 
apaitment s (as- 
signed by the 
Government) aic 
cheap, and be- 
cause they liave 
an almost unlim- 
ited oppoUiinity 
to increase theii 
earnings hy writ- 
ing books and ar- 
ticles. Tlieir writ- 
ings are in great 
demand because 
the libiaries weie 
burned and text- 
books destroyed. 
It would ])c in- 
cmrcct to say that 
all the intclIecUi- 
als in the univei- 



and I have given 
up all hope ” 

I F you multiply 
this despolia- 
tion by a factor of 
1,000, you can un- 
derstand what 
happened to Pol- 
ish education dur- 
ing the war. No 
university oi high 
school was per- 
mitted to func- 
tion. Univcr.siiy 
professors liecam c 
janitors or white- 
collar workers; 
many were killed. 
Nevertlieless, Po- 
land’s educators 
did not give up. 
Tile entire liigh- 
school and univer- 
sity system went 
underground, and 
all the teachers 
and professors 
taught secretly, 
bcside.s working at 
the manual or 
desk jobs that 
saved them from 


silies are enlhusi- STEFAN PIENKOWSKI of Warsaw University directs physics laboratoiy starvation, Pien- 


astic supporters of known ihronghout the world before the war for its work in spectroscopy. kowski was the 
the present Gov- Pienkowski attended Operation Crossroads at Bikini Atoll as an observer, chief organizer of 
ernment. Alany the underground 


are not. Yet not one professor has been 
dismissed, no matter how well known his 
critical or hostile attitude. Tlie z*eason for 
this IS both the need for professors and 
the Polish tradition of appreciation of 
scholarship and intellectual achieve- 
ment. 

Next day I visited Professor Pienkow- 
ski s physics laboratory at Warsaw Uni- 
versity. I have always liked Pienkowski, 
a lively, able man and excellent adminis- 
trator who, in the prewar years when 
Polish academic life was saturated with 


ternational conference on fluorescence 
and spectroscopy was held at Wai'saw 
University. I attended the conference, 
and saw there many German scientists 
who delivered lectures and, with other 
guests, were guided through the labora- 
tories and shown all the scientific equip- 
ment. After the fall of Warsaw in 1939, 
the laboratory, which had escaped bomb- 
ing, was promptly visited by a German 
educator, a General Schuman. He had a 
complete list of its equipment, and an- 
nounced that all the instruments would 


universities. The clandestine classes were 
lestricted to 10 students each, and every 
month the meeting places were changed. 

When Pienkowski returned to his lab- 
oratory in 1945, he found that the build- 
ing had been used as offices for a German 
transportation commission; the Germans 
left only broken walls, windows without 
glass, not one book of the once splendid 
library, a single lonely table. With mag- 
nificent courage Pienkowski and his col- 
leagues started all over again. First they 
hired six carpenters^ salvaged sticks of 


anti-Semitism, was fair and decent to 
Jewish students. I owe at least partially 
to him the Rockefeller Fellowship for 
which he recommended me. I h^d not 


be taken to Germany. He tried to per- 
suade Pienkowski to go to Germany, of- 
fering to set him up in an institute at 
least as good as the one at Warsaw. 


lumber wherever they could find them, 
and built some furniture. The Provisional 
Government of Poland gave them per- 
mission to collect teaching equipment 
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from the excellently equipped German 
high schools that the Nazis had estab- 
lished m Poland. Through Poles in the 
U. S. and through a British gioup Pien- 
kowski's laboratory obtained some books. 
The Soviet Academy of Sciences sent one 
precision spectroscope as a token of 
friendship. When the Polish state be- 
came organized, the new Government 
supplied costly precision apparatus, 
^some bought in Switzerland, some in 
England. Pienkowski told me that the 
postwar Government’s spending on the 
Institute has been considerably higher 
than even the generous support it had 
from governments before the war. His 
laboratory, now building a Van de 
Graaff geneiator to acceleiate atomic 
particles, is again a going concern. 

When I gave my first lecture at War- 
saw University (m Polish, in which I 
had difficulty at first with the technical 
terms), I was astonished and impressed 
by the level of knowledge among my 
audience. Many of the graduate students 
were as familiar witli modern physical 
theories as those at any good universiU^ 
on this continent. They had acquii*ed 
tlieii’ knowledge fiom books and papers 
rather than fi*om lectures, since there are 
very few theoietical physicists m the 
older generation in Poland. Among them 
the most distinguished is W. Rubino^v- 
icz, a pupil of Niels Boln He is now a 
professor at Warsaw, leading the only 
school of theoretical physics in Poland 
worth mentioning. In the past tew years 
Rubinowicz has sent brilliant students 
to France, England, Switzerland and the 
Nethei lands to complete their graduate 
studies, a fact that emphasizes Poland’s 
desire to keep its scientific ties with 
western Europe. 

F rom Vku-saw I went on to visit 
two other universities—Wroclaw and 
Cracow. As we flew over Wroclaw, 
foimerly the Geraiaii town called Bres- 
lau, the center of the city presented an 
unbelievable sight. It looked as if a child 
had set out models of buildings to foini 
a tonm, and then had trampled on it mth 
angiv feet Hardly a house had a root. 
After Warsaw, Wroclaw seemed lifeless 
and depressing. It had always been an 
ugly, graceless German town, and theie 
is no noise of rebuilding there, nor the 
acti\’e life of Vkirsaw. The restoration of 
Warsaw has priorit)’ over all other towns. 

Wroclaw UnivexsiU" is in effect a trans- 
plantation of the old Lwow University, 
where I taught in my younger days. The 
town of Lwow IS now inside the U.S.S.R., 
and its uni%^eisity and professors weie 
transferred to Wroclaw. Because many 
of the professors were my former col- 
leagues, I looked forward to this visit 
with nostalgia. Like many revisits to old 
stamping grounds, it turned out to be 
rather depressing* During my absence, I 
must have become sensitive to^many 
things that had sounded natural to me 


when I lived in Poland. One of them is 
the mania for titles. Lwow used to be es- 
pecially haid-iidden by this mama, hav- 
ing inherited it from the peiiod when it 
was part of the Austi'o-PIungaiian Em- 
pire. The obsession lives on in Wroclaw, 
and to a lesser degree m the rest of Po- 
land, At Wroclaw the official title of the 
rector is “his magnificence.” Aftei heal- 
ing “Mr. Magnificence” repeated every 
few seconds, it is hard to retain one’s 
self-contiol. 

The University’s strong point is mathe- 
matics Polish mathematics was world- 
famous before the wai, but it suffered 
greater losses than any other science. 
Many mathematicians weie murdeied 
for being Jews; some died of hunger and 
exhaustion; some committed suicide. 
Polish mathematics is still good, but it is 
not what it was. What remains of its 
former greatness is concentrated in Wai- 
saw and Wroclaw. 

I went from Wroclaw to the most 
beautiful cit\^ on eaith— Ciacow. It is the 
town where I was boin and from which 
the members of my family weie led to 
death Physically nothing of Ciacow was 
desti'oyed. Its parks are full of flowers 
and gieen, its people are well dressed. 
The leception I received in my native 
tov’ii was the most touching expeiience 
1 have ever had I lectured in the huge 
auditorium in the physics building, m 
the same room in which I had listened 
to tlie lectures of my foimer teachers. 
The lectme had been announced by ra- 
dio, and the room was full half an hour 
before I began to speak. People with 
whom I had gone to public school as a 
child came to shake my hand and to tell 
me that they were still alive. The ap- 
plause when I entered the room, and 
after my lecture, was warm and loud. 

Professor H, Niewodmczanski and his 
wife were my hosts. 1 knew them well, 
for we had spent a year together at Cam- 
bridge University on Rockefeller Fellow- 
ships. Again I heard the story of how an 
empt\^ building became a physics lab- 
oratory. Tills time the story had a pecu- 
liar twist. At the end of the war, German 
marks became almost wortliless, but lab- 
ora toi}^ apparatus in Germany was still 
listed at the low prewar German prices 
in marks. Thus it was theoretically pos- 
sible to buy them from German factories 
foi practically nothing, if one could con- 
vince diem to sell. Niewodmczanski and 
a colleague had an idea. They requisi- 
tioned three ti'ucks from the Polish Gov- 
ernment and diove to factories making 
scientific instiuments in Germany. At 
each they staged the same performance. 
The director of the factoiy would sav 
that all the equipment in stock had been 
ordered by German schools and univer- 
sities and there was none for sale. Then 
Niewodmczanski would take out a pack- 
age of cigarettes or a pound of bacon. 
The director s eyes would glitter, and he 
would change his tune immediately. He 


w'ould be icady to sell anything at the 
list puce m almost worthless maiks. For 
a few bundled dollais the piofessor 
bought enough equipment to outfit the 
entiie University 

B ack m Warsaw, I was kept busy lec- 
turing, seeing people, and confer- 
iing with officials of the Mmistiy of 
Education on the plans lor leorganiza- 
tion of the Polish umveisities I found 
this a most interesting pioblem 

Continental Emopean universities aio 
looted in the Middle Ages. In Poland, 
as in Geimany, the umveisities before 
the war, though lunctiomng m a coun- 
tiy that was lai fiom demociatic, were 
more demociatic m form than any tini- 
veisity in America. While they were 
nominally under the supervision of the 
Mimstiy of Education, actually they gov- 
erned themselves according to then own 
laws. The faculty members chose their 
ownrectoi (piesident) eveiy three years, 
and a dean every yeai A professoi was 
as independent as a king. Depaitments 
were imkown; theie were only inde- 
pendent chans. Every piofessoi had his 
own “Institnle,” his own assistants. Ap- 
pointments and promotions were made 
bv the 1 acuity on the lecommendation 
of a committee especially elected lor the 
puipose Even if a murdei was commit- 
ted on the campus, the police could come 
in only if called by the lector. Yet de- 
mocracy in these satiapies was only a 
form. In spile of their demociatic struc- 
ture, the umveisities m Poland were 
moie socially backwaid, moie anti-deni- 
ociatic than the rest of the country 
Immediately after the war they were 
lebinlt in the old tradition. Although 
their supeificially demociatic chaiacter 
was thus retained, this system of oi gani- 
zation lacked the fundamentally moie 
democratic machinery for coopeiation 
that exists in a modern university. The 
Mmistiy of Education also made othei 
grave mistakes. To staff all the old imi- 
veisities and new ones that it had to 
build, it spread the depleted teaching 
staff too thinly The lesiilt was a decline 
in the level of research and teaching and 
a wasteful scattering of toices In a pro- 
vincial umveisity there would be one 
good man, say m physics, with no gradu- 
ate students, no equipment, no other 
physicists to talk to 

I found the Ministry officials eiitiiely 
ready to admit the mistakes and busy 
correcting them. They liad already 
planned a process of integration and the 
cieation of centers of research. Theii 
plans for reorganization will bring the 
Polish universities nearer the American, 
English and Canadian models, 

T he headquarters of the Ministry of 
Education in Warsaw was one of the 
very few buildings that survived the 
wai*. The Ministry owes this piece of 
good luck to the fact that its modern, 
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aUiacUve slrucluio was occupied l^y the 
German Gestapo. 3 ended my visit to 
Poland with a lecture in this Inulding 
l)efoic some 50 prolcssois, officials and 
guests ot the Mmistiy. I discussed lea- 
trues of Canadian education wbicli I 
thought should be adopted, with ceilam 
modifications, by Polisli universities. One 
was the division of 1 acuities into depait- 
ments, another that a cleai distinction be 
made between graduate and under- 
giadiiate education, a distinction which 
IS almost unknown on the European con- 
tinent. I also iiigcd the need foi reducing 
the bureaucracy in university adminis- 
tration. Indeed, one of the woist things 
that 1 found in Poland was the great 
amount of icd tape, in and out ot tlic 
universities. The Polish officials ex- 
plained the icason for it. While tlic per- 
sonnel at the highest levels is usually 
uilelhgent and skillful, below these ranks 
competence diops sharply. There is a 
tiemendous lack in all branches of life 
in Poland of qualified, well-educated 
people. The mediocre civil seivants, 
all aid of making decisions, pass papers 
up to higher levels, wheic they grow into 
mountains. The higlici government olR- 
cials woik 12 and oltcn moio hours a 
day, because eveiy thing liom below, 
iiom the trivial to the important, is load- 
ed on to them. Secretarial help at the 
imiversilies is practically unknown. The 
Ministry vows, liowcvcr, that in time all 
this will be changed 

Y et comparisons aic not all to the 
disadvantage of the Polish universi- 
ties, Things that would he difficult to 
accomplish in Poland aic easy in Amer- 
ica, but the revcise is also true. It would 
be difficult for me to obtain four new 
assistant prolessors in our department at 
the University of Toronto; in Poland it 
would be comparatively easy, provided 
the right people could be founch 

European universities in geneial are 
remarkably allied in spirit, lantastic as 
this may sound to anyone who does not 
know Eiuope. In spite of the gicat dif- 
ferences between Ireland, England and 
Poland, in theii attitude toward scholai- 
ship and intellectual achievement these 
countries are much closer to one another 
than any of them is to America. 

For all its poverty in material and 
human resources, Europe has somethmg 
which we do not have, and which all the 
splendid scholars who have come to this 
continent have not been able to kindle. 
It has greater curiosity and greater en- 
thusiasm for learning. While the flame 
of learning burns more dazzlingly here, 
m Europe it sets fire more widely to the 
imagination of the people. 


Leopold Infeld is professor of ap- 
plied mathematics at the University 
of Toronto and author, tvith Albert 
Einstein, of The Evolution of Physics. 



WARSAW UNIVERSITY’S gates still stand after (he German occupation. 
During the wav tlie occupying forces removed all the equipment from tlu'. 
pliysics laboratory and used it as an office for a transportation conunission. 



CRACOW UNIVERSITY library, like the rest of Cracow, was not greatly 
damped by the war. The university, second oldest in central Europe, was 
founded in 1364, At left is a statue of Nicolaxts Koppernigk (Copernicus). 



1'L.UUK of coastal waters is visible in right half of pho- 
to^aph made from 15,000 feet. On land are small farms 
{bottom, left ) , dUnost dry lake beds (left center) and a 


^500-foot austrip (top). The water is still and clca 
ileight and direction of the sun are indicated by sha 
ows on the bottom. The photograph is unretouchc 
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OCEAN’S 

FLOOR 

A remarkable aerial 
photograph uncovers 
its conformation off 
the coast of Africa 

T he bottom ol the ocean, some of 
which IS wunkled into leatmes as 
rugged as tliose ol the land, is oc- 
casionally visible Irom the an. Such a 
laie moment was recorded last summer 
by the aciial mapping cameia of a plane 
flying three miles above the coast ol 
Portuguese East Alrica. There the bot- 
tom of a still inlet of the Indian Ocean 
could be seen with startling clarity. The 
plane was operated liy the Aero Service 
Coipoiatiou of Philadelphia, which was 
making a suivcy ol the 47,()()0-s([uarc- 
mile concession aica of a subsidiaiy of 
the Gull Oil Corporation. Aero Service 
made a complete aerial map of the area, 
then its plane Hew a precise pattern over 
it beaiing an airborne magnetometer. 
This sensitive device, developed during 
the wai to detect submarines, continu- 
ously records variations in the earth’s 
magnetic field and thus provides inloi- 
mation about geological structures con- 
cealed beneath the surface of the land. 
The magnetometer recoid is synchro- 
nized wxdi photographs liom a continu- 
ous-stiip camera, which makes it possible 
to correlate the magnetometer data with 
tlie aeiial map. The final pioduct is a 
complete magnetic map ol the legion. 



SURFACE of the sea in the same region normally is rufflecl hy the wind. Tliis 
plus the glare of the sun, a diEiusc reflection of which appears at the upper 
right, makes the surface an efficient reflecting and liglit-Bcattering* device. 



MAGNETOMETER hangs in a bomb-shaped case be- map of the region, then to survey it for variations in 

neath the DC-3 from which the photograph on the op- magnetic intensity. On the ground below are the waste 

posite page was made. Plane was used first to make aerial sludge piles of gold mines in the Union of South Africa. 
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In certain crystals mechanical deformation liberates 
electric charges, and vice versa. This piezoelectric 
effect has many applications, notably in ultrasonics 

by Walter G. Cady 


P IEZOELECTRICITY (pronounced like the other effects, it also woiks two tend to be displaced in opposite direc- 

pie-ca^e-o-electi’icity) isaGreek-de- ways, just as mechanical pressure on a tions. Theiefoie pressuie pioduces no 

rived word meaning “pressure-elec- crystal can produce electricity, so an external electrical effect in them. On the 

tricity.” It is the name of an effect pro- electric current apphed to the same crys- other hand a ciyslal of low symmetry 

duced in certain types of ciystal that tal can produce mechanical motion has a single-track mind, oi at least a one- 

can convert mechanical energy into elec- The piezoelectric effect was discov- wayness in its internal structuie. Al- 

trical energ\\ Mechanical pressure ap- ered in Pans in 1880 by the brothers though its atoms, and the bonds between 

plied to such ciy^stals liberates electricity. Pierre and Jacques Curie, They had long them, are arranged just as regularly as in 

For example, if a strongly piezoelectric been mteiested in crystallography. They crystals ol highei symmctiy, their ar- 

ciystal such as Rochelle salt is connected knew that some crystals, such as rock laiigement is such that when a pressure 

by means of electrodes to a neon lamp, salt, are highly symmetiical, while others is applied in the piopei ducclion, posi- 

a tap on the crystal with a hammer will show a low ordei oI symmetiy. They tive electiicity is “s((iieezed” in one di- 

hberate enough electric charge to make conceived the idea that cei tain types ot lection and negative elcctiicity m the 

the lamp flash. asymmetneal crystals might, when com- other. Of the 32 classes ol crystals known 

Piezoelectncity has become in recent pressed in certain diiections, liberate to ciystallographers, 20 have enough 

years a very fertile held for research, electric charges, positive on one side, lack of symmctiy to be piezoelectric, 

not only because it has a great many use- negative on the othei ; in other words, Technically speaking, they all lack a 

hil applications but also because it is a that such ciystals would become elec- “center of symmetiy.” 

means for fundamental studies of the trically polarized when compressed. 

sti’ucture of matter. Electrical effects, as They venfied their piediction by tests ^T^HE libeiation ol electiic charges 

is well known, can be produced in mat- with a large number ol crystals of dif- A fiom a piezoelectric crystal by me- 
ter in various ways, by heat (thermo- ferent kinds, including quartz, tourma- chanical pressure is called the direct ef- 
electricity" and pyroelectricityty , by the line and Rochelle salt. feet, and the change in shape produced 

action of light ( pliotoelechic effects); In view of the fact that all matter con- by an electric curient is called the con- 
by chemical action, as in a batteiy, and sists of positive and negative electrical veise effect. The latter has various foims. 

by several ty’pes of application of me- particles, it need not seem surprising Suppose that a flat slab cut from a piezo- 

chanical forces, of which the most fa- tliat deformation of a solid should pro- electric ciystal is placed between two 

miliar is the dynamo. In general these duce a displacement of electric charges, flat metallic electrodes connected to a 

effects are more or less reversible: i e.. But why is it that only asymmetneal batteiy. The battery voltage will cause 

electric currents can produce heat, hght, cr^^stals show the effect of this displace- the slab to be deformed oi “stiained,” the 

chemical reactions and mechanical mo- ment? The leason is that in nonciystal- amoimi ot defoimation depending on the 

tions. Piezoelectricity belongs in the class line materials and in the moie symmetri- battery voltage, among other things. One 

of electromechanical phenomena and, cal types of crystals the charges do not type of strain, called a “shear,” changes 



PIEZOELECTRIC CRYSTAL is placed between two 
metal plates connected to a battery. When circuit is 
closed i center}^ Jrectangnlar cross-section of crystal is 


deformed into a parallelogram. When current is re- 
versed {right ) , deformation is reversed. In this diagram 
degree of deformation has been exaggerated for clarity. 
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the shape ol the crystal slab Irom a lec- 
taiigle to a noniectanguhu paiallelogram 
(see chawing at the Iwftoni of opposHe 
page) A leversal ol: the battery voltage 
level scs the direction oi: the shcai. In 
other types ot ciystal the deformation is 
difleient the slab lemains lectangular 
but IS made longer and thinner by an 
electiic field m one dnection, shoitei and 
thicker by a field in the other dnection* 

When the battery is replaced by an alter- 
nating-cuiient gencratoi, the slab vi- 
brates with a certain amplitude oi mo- 
tion. In the fiist case dcsciibed above the 
vibrations will be in a ‘kslieai mode,’’ with 
the top and bottom sui laces shufihng 
back and loith; in the second case the 
slab will become alternately shorter and 
thicker, and loiigei and thinner. All these 
def 01 Illations aie lar too small to be seen 
by ordinal y means, but thcie aie sevcial 
ways by which they can be mcasiiied. 

Crystals can be classified according to 
then axes, or the directions in which 
their atoms aic airanged. When an en- 
gineer IS given a new type oi crystal that 
may have uselul piezoelectric properties, 
his first question is, ‘'Where do the axes 
Jie?” The axes oi seveial types oi crystal, 
as well as typical outward forms, aie 
shown in the drawing at the right and m 
those on page 48. Among the most usc- 
iul piezoelectric crystals, some of which 
<11 c illustrated m these diawings, aie 
([uartz, tourmaline, Rochelle salt, ammo- 
nium dihydrogcn phosphate (ADP), 
ethylene diamine taitiate (EDT), lithi- 
um sulfate and baiium titanate. From 
each type oi ciystal the engineer makes 
charactciistic “cuts” oi slabs or bars, the 
cut depending on the pin pose for which 
the crystal is to be used. Very often the 
cut IS at right angles to an axis, since in 
most piezoelectric ciystals an electric 
field parallel to any one oi the three axes 
causes a deform alien. In some cases the 
deformation is a sheai, m others it is an 
elongation in one direction with a con- 
li action at right angles, in many cases 
both types of dciormation occur to- 
gether. For some special purposes the 
slabs are cut at oblique angles to the 
axes, such cuts may be piezoelectric be- 
cause the field has components parallel 
to at least two axes. 

Let us consider now the applications 
oi the piezoelectiac effect, and in par- 
ticular the part played by ciystals in the 
field oi ultrasonics. 

T he fiist attempt to apply piezo- 
electricity was made dm mg World 
War 1. The famous French physicist Paul 
Langevin conceived the idea of using an 
electric current to make quartz plates 
vibrate so as to send out a beam of ultra- 
audible sound waves under water for 
locating submerged submarines. The dis- 
tance and diiection of the submarine NATURAL CRYSTAL of quartz has three axes at right angles to each other, 

were to be determined from the echo They are designated the X, Y and Z axes. Three common ‘‘cuts’’ related to 

' returned from the craft s hull and de- these axes are indicated here by the small slabs that are within the crystal- 
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ARTIFICIAL CRYSTALS may also be piezoelectric. The three shown here 
are grown from saturated solutions in water. They are ammonium dihydro- 
gen phospl^te » Rochelle salt {middle) and ethylene diamine tartrate 
{ ottojfi) * The X and Z axes of each and some common cnts are shown. 


tccted by the same system of ciystals 
that emitted the waves Except that it 
used sound waves instead of ladio, this 
system was exactly paiallel to ladai, 
which was to be developed m Woild 
War II. Langevin s invention was imme- 
diately lecognized by the Allies m Woild 
Wai I as a hopeful solution of the piob- 
lem of detecting siibmaiines Intensive 
leseaich to this end was earned on m 
the U. S. and m England. Although no 
extensive military use was made of these 
detecting devices duiing the Fust World 
War, crystal lesearch was continued 
afteiward in many labor atones, and by 
Woild War II piezoelectiic ciystals 
played an impoitant pait, not only in 
detecting enemy submaimcs and mines, 
but in radio and ladar as well. The sys- 
tem based on Lange vin's invention be- 
came known as sonar. 

Ciystals have now come into use in 
all forms of electrical communication— 
the telephone, telegiaph, the phono- 
graph, television, A familiar example is 
the ciystal pickup for phonographs. 
Here two thin plates of Rochelle salt oi 
ADP (more lecently, ceramic plates 
containing baimm titanate ciystals) aie 
cemented together face to face and pro- 
vided with electrodes connected to an 
amplifier and loud-speaker. The needle 
on the rotating rccoid is attached to 
these plates, and its vdirations cause the 
plates to be slightly deformed. These de- 
formations m turn liberate electiic 
charges which arc amplified and actuate 
the loud-speaker. Another example, 
using the converse effect, is the ciystal 
headphone. liere the crystal acts like an 
electiic motor, conveitmg electiical into 
mechanical energy. Various devices em- 
ploying the same effect have been in- 
vented for lecording vaiiations in elec- 
tiic currents. They include a crystal car- 
diograph and a ciystal oscillograph. 

Some of the impoitant applications 
are based on the fact that a crystal, like 
most other vibrating bodies, has a num- 
ber of natural fiequcncies. Like a musical 
instiumenl, it has a fuirdamental fre- 
quency and higher 'liarmonics,'’ some- 
times hundreds of them. When the al- 
ternating current flowing to a ciystal has 
a frequency identical with one of its 
natural frequencies, the vibiations be- 
come most intense. The ciystal is then 
said to be “in lesonance.” The strain 
produced by such a lesonance may be- 
come great enough to shatter the crystal, 
just as a poweiful singer's voice can shat- 
ter a resonant glass. 

Resonant crystals, known as piezo- 
resonatois, generally use the ultrasonic 
frequencies, far above the range of hu- 
man hearing. Ciystals can be made to 
‘Vibrate in resonance at frequencies as 
high as 200 million cycles per second, 
with a vacuum tube generator as the 
.source of the alternating current, The 
various modes of vibration are shown in 
the drawings on the opposite page. For 
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tlie lowest fiecjiiencies niinow crystal 
bais a few inches long are so cliiven elec- 
trically tliat they vibiatc by licncling, like 
the metal plates of a xylophone. For Ire- 
(jiiencies from 30, ()()() to 3()0,0()0 cycles 
per second, a plate or nairow bar is made 
to vibrate so it either becomes alternately 
longei and shorter, oi oscillates in a shear 
mode. The author has observed leso- 
nance at about 1.5 million cycles per 
second m a cpiartz bar that was only Vir,- 
mch long. For li eipiencies above 300, 000 
cycles it is customary to use plates m 
“thickness vibration,” the plate becom- 
ing alternately thicker and thinner. For 
ladio circuits the “thickness sheai mode” 
IS picleiied. 

I N some ol the most important appli- 
cations the direct and converse et- 
lects are combined. Here the crystal is 
set into vibration and diiven as a motor 
by an alternating cuiient. The vibiations 
aie not used foi doing mechanical work, 
but rather, tin ough the piezoelectric 
charges liberated by the diiect effect, 
to control the alternating current that 
drives them, just as the counter electro- 
motive lorce generated by an electiic 
motor has a regulating effect on the sup- 
]ily curient. A feature peculiar to the 
crystal, not jiri’scnt in ordinary motors, 
is that the intensity ol vibration (cor- 
responding to the motor s]iccd) depends, 
among other things, on the lrc<:|ucncy ol 
the allcrnating current applied to it. ft 
IS precisely when die crystal vibrates 
most vigorously that it reacts most 
strongly on the alternalmg cnireiit that 
drives it. This fact is made use cil m 
radio transmitting circuits, which com- 
monly employ quartz crystals to hold the 
frequency of the radio waves constant. 
A bit of crystal no larger than one's 
thumbnail can control the frequency of 
a powerful broadcasting station. The 
crystal is to the transmitting circuit what 
a pendulum is to a clock. (Indeed, 
(]uartz-crystal resonators are actually 
used to control the most precise present- 
day electric clocks.) 

Crystals, and especially quartz crys- 
tals, can control the frequency more pie- 
cisely than any other known means be- 
cause their resonance is extremely sharp. 
By this we mean that a very small change 
in frequency causes a very great change 
in the vibrations of the crystal. For ex- 
ample, a quartz X-cut bar a little over an 
inch long and Hn-inch thick has a natu- 
ral frequency of vibration m the direc- 
tion of its length amounting to 1{)0,{)00 
cycles per second. When it is set into 
vibration by an alternating cuiTent of ex- 
actly this frequency it is in resonance, 
and if it is mounted so as to vibrate with 
very little friction, an electromotive force 
of 20 volts will be almost enough to shat- 
ter it in pieces, although die ends move 
back and forth over a distance of only 
about six ten-thousandths of an inch. If 
the frequency changes by only .0005 per 


cent, the vibiations may be only half as 
great as at resonance. By good luck it 
happens that the range ol fiequencies 
within which crystals can be made to 
vibrate is the same as that commonly 
used m radio. 

Another important application of crys- 
tals is ill electric filters, particularly the 
“cliamiel filters” for communication over 
wires. Huiidieds ol messages or conver- 
sations can be transmitted at the same 
tune over a single cable by using a sepa- 
rate ‘'carrier frequency” for each mes- 
sage. In order to iinsci amble the mes- 
sages at the end of the line and to diveit 
each to the desired destination there 
must be a separate tuned electric circuit 
for each message. Each circuit acts as a 
filtei, passing a single carrier liequency 
while 1 ejecting all others. The tuning 
must be very sharp, and crystals are su- 
perior to any combination of coils and 
condensers as the tuning elements in 
these circuits. 

Quaitz IS employed foi more different 
purposes than any other piezoelectric 
crystal. The reasons are not only that it 
has very sharp resonance and is mechan- 
ically dm able and immune to attack by 
oidmary chemicals, but especially that 
certain cuts have vibrational fiequencies 
which are almost free fiom variation 
with temper atm c. The demand for 
(juaitz crystals has become so gicat that 
alieady good specimens aie costly and 
hard to obtain. This shortage is being 
met partly by a search for other suitable 
kinds of ciystal, partly by growing quartz 
artificially. The latter art is still in its in- 
fancy. Quartz is silicon dioxide. Although 
it IS the most abundant of all minerals, 
huge and sufficiently perfect crystals are 
comparatively rare and they aie found 
only in restricted legions, notably m 
Brazil. 

N OW let us look a little further into 
what in some ways is the most in- 
teieslmg application of piezoelectricity— 
the uses of crystals as generators of ultra- 
sonic waves. Langevm’s work in this field 
was a pioneer investigation of a little- 
known physical effect. It demanded a 
thoiough knowledge of wave motions in 
solids and liquids, and of alternating 
electric currents, plus the spark of gen- 
ius. Langevin quickly obtained promis- 
ing results toward the application of his 
findings in a submarine-hunting device. 
The technical difficulties weie so great, 
however, that it look considerable effort 
by teams of workers in World War II to 
bring the device to full fruition. 

When a plane surface such as the face 
of a crystal plate vibrates back and forth 
like a piston, it emits acoustic waves into 
the adjacent medium. Like most radia- 
tions, these waves are not confined to a 
narrow beam at right angles to the sur- 
face but tend to spread. They form a 
diverging cone of sound. The amount of 
divergence depends on the diameter of 
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VIBRATIONAL MODES of some 
piezoelectric crystals are (A) length- 
wise, (B) thickness, (C) flexural, 
(D) face shear, (E) thickness shear. 
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the piston, the frequency of the waves 
and the speed of sound m the medium 
thiough which the waves pass It is pos- 
sible, bv a suitable choice of diameter 
and frequency, to produce a cone with 
any desired amount of divergence. Foi 
example, the speed of sound m sea water 

15 about 4,900 feet per second Suppose 
that the crystal plate is made to vibrate 
with a frequency of 50,000 cycles per 
second, which means that the wave- 
length of the sound waves is about 1 2 
inches. If the diameter of the crystal is 
four inches, the eventual spread of the 
cone, as calculated fiom a standard for- 
mula, is about 40 degrees of arc. By using 
a crv^stal with a diameter of 10 inches, 
the spread of the cone can be reduced 
to about 16 degrees. The cone can also 
be made narrower by increasing the fre- 
quency of vibration rather than the di- 
ametei of the ciystal. For submarine de- 
tection the cone must be neither too wide 
nor too narrow. A spread of about 20 
degrees has been found to be satisfac- 
toiy. 

Another factor that must be taken into 
account is the absorption of sound in the 
medium. Owing to internal friction in 
the medium, the waves die awav with 
increasing distance This “damping” of 
the sound waves severely limits the dis- 
tance that signals can be sent under wa- 
ter Damping increases rapidly with in- 
creasing frequency. For example, a beam 
of waves in water with a frequency of 
20,000 c p.s. travels 140 miles before its 
intensity is reduced to one per cent of 
its value at the source, at 100,000 c.p s 
the distance is six miles; at one million 
c.p.s.. 300 feet; at 15 million c.p.s., only 

16 inches. The distances aie still fm*thei 
diminished by effects of surface waves, 


air bubbles and bending of the beam 
due to varying temperatuies. 

Thus to get maximum range it is evi- 
dently desiiable to use a low frequency. 
On the other hand, when the frequency 
is low tire crystal must have a large 
diameter if the cone-shaped beam of 
sound is to be sufficiently narrow to lo- 
cate a taiget accmately and to produce 
a strong echo. As a compromise it has 
been found most practicable to give the 
crystal a diameter of about 10 inches, in 
which case a cone of suitable diveigence 
is produced when the frequency is 
around 40,000 c.p.s. Foi short ranges 
smaller crystals and higher frequencies 
can be used 

The device that transmits such a beam 
and receives its echo is known as a tians- 
ducer. Its opeiation is illustrated in the 
drawing on these two pages. The trans- 
ducer sends out a short pulse of ultra- 
sonic waves. It is then immediately 
switched from the transmitting to the 
receiving circuit, so as to be ready to re- 
spond to the echo. A lesponse can be 
detected even when the amplitude of 
motion is less than a hundredth of the 
diameter of a molecule. 

M odern transduceis aie of many 
sizes, shapes and designs. The pres- 
ent account is confined to transducers 
employing piezoelectiic crystals, al- 
though some widely used types are mag- 
netic rather than piezoelectric; they aie 
based on the effect known as magne- 
tosti'iction. 

We will consider first the lecent de- 
velopment of crystal transducers for 
sonar, which term, by the way, is de- 
iived from “Sound Na\agation and Rang- 
ing.” Sonar is the name for all devices 


foi obtaining echoes fiom submeiged 
objects, leefs, shoies and the ocean bot- 
tom. Such devices can be used not only to 
detect submarines but to sound the 
depth of watei in oceans and harbors and 
to locate sunken ships. They may also 
prove useful for locating icebergs m fog- 
gy weather oi at night, although this is 
a moie difficult problem than it may 
seem, for the leflection of sound undei 
watei from a mass of ice is very feeble. 

Owing paitly to the scaicity of quaitz, 
and paitly to the desire for a moie 
sti'ongly piezoelectnc mateiial, effoits 
were made as early as World War I to 
leplace quaitz by aitificial crystals. For 
many yeais the only available substitute 
for quaitz was Rochelle salt Latei it was 
found that ciystals of ADP, though less 
strongly piezoelectric than Rochelle salt, 
offeied pronounced advantages, and 
they are now in common use. 

In a typical transducer each crystal 
plate may be an inch squaie and a six- 
teenth to a quarter of an inch thick, with 
metal electrodes covering its opposite 
faces. A laige number of these plates are 
stood on end on a flat suiface, with suit- 
able spaceis between plates and between 
rows of plates. When cemented togelhei 
they form a flat slab, the area of which 
may be a square foot or more. The elec- 
trodes aie connected in parallel, oi in a 
series-parallel combination, with tei- 
niinal wiies i tinning to the high-fiequen- 
cy altei nating-current gcneiator. When a 
cunent of the right frccjuency is applied, 
the entile slab becomes alternately thick- 
er and thinner; that is, it lesonates in 
thickness vibiation. The slab is mounted 
m a water-tight casing, with a “dia- 
phragm” or “window” which allows the 
vibrations to pass through, for radiating 



TRANSDUCER for generating a powerful ultrasonic 
beam under water (left) is a mosaic of X-cut quartz 



^ates (Q) cemented between two steel slabs (A and B) . 
when a current of the appropriate frequency is fed in- 


and receiving ulliusonic waves under 
watei . 

In one oi the most modem types of- 
tiansdncei the eiystals aie between steel 
slabs, lonning a sandwich. The thinnei 
crystals are at tlie center. Since their clec- 
tiodes aie closer together than those of 
the thicker eiystals, their electiic fields 
are strongci and they vibrate with gieat- 
ei amplitude. It is lound that by this 
means the cone of ladiation is more 
coiicentiated. The light and lelt halves 
of the tiansducer are connected to inde- 
pendent ciicmts. If the tiansdiicei is not 
pointing exactly at the tai get, there is a 
slight difteience in time oi ai rival of the 
echo waves on the two halves. This dif- 
ference IS indicated on the screen of an 
oscilloscope, thcieby enabling the op- 
erator to train the transducer more accu- 
lately on the taiget. The same tiansducer 
can be used also loi detecting sounds of 
independent oiigin, such as the noises 
Irom distant piopellers. 

The transduceis desciibed thus far 
have flat faces for emitting a moie oi less 
narrow cone of sound. For special pur- 
poses it is sometimes desirable to send 
or receive in all directions. By a suitable 
airangeinent of crystals this also can be 
accomplished. 

RANSDUCERS foi pioducmg uUia- 
somc waves have olhei uses than for 
uiidei water signaling. One example is a 
device i or detecting flaws in metal cast- 
ings and other solid matciials. A quaitz 
plate in a special holder is placed in con- 
tact with the specimen to be tested. A 
short pulse of high-frequency waves is 
sent into the specimen. Any air bubble, 
ciack 01 other defect that lies in the path 
of this ultiasomc beam returns an echo to 


the ciystal and is lecoidcd electrically. 

Tiansduccrs aie also used m the stor- 
age or ‘'memory'' cells of ceitain ladar 
systems and some electrical computing 
machines (Scientific American, 
Apiil). The signal to be stored modu- 
lates a shoit pulse of high-frequency 
cuirent, which in turn excites vibrations 
m a crystal transducer. The latter sends 
the modulated waves thiough a tube 
filled with meicury, at the opposite end 
of which IS a second ciystal This sec- 
ond crystal leconveits the ultiasonic 
waves into an electric current, which is 
fed back into the circuit at the end of a 
storage interval that is determined by the 
length of the column of meicuiy. 

How closely the transducei paiallels 
ladai is illustiated by the laet that it is 
actually used as a substitute foi a radai 
set in training operatois When airborne 
radai was being developed the need was 
felt for a ground-ti aming device by 
which ladar operatois could obtain ex- 
perience m the novel and complicated 
piocedure oi handling the controls and 
adjusting images on the oscilloscope 
without actually going up in a plane. 
This end was achieved by an ultrasonic 
device called the 'ladar tiainei," oiig- 
inated in England and further devel- 
oped at the Massachusetts Institute of 
Technology Radiation Laboialory. In 
this apparatus the radar antenna is simu- 
lated by a small quaitz transducer, 
which generates short ultrasonic pulses 
in a tank of watci a few feet long. The 
ultrasonic waves are reflected from a re- 
lief map on the bottom of the tank, just 
as radar echoes are reflected from the 
terrain to a plane flying above it. Since 
the speed of electric waves in the air is 
about 200,000 times as great as that of 


sound waves in watei, the tune ol fiiglil 
of a pulse m the tank is of the same oi der 
of magnitude as that ol a radar pulse in 
the lOund trip to a distant target and 
back. The ultrasonic beam scans the ic- 
lief map exactly as a ladar beam from a 
plane scans objects on the ground. 

Many labor at oiy investigations have 
been carried out on the mecbaiiical, 
chemical and biological efiFects of intense 
ultrasonic radiation. Some of these ef- 
fects are spectaculai. For example, a 
strong ultrasonic beam directed up waul 
m a tank of watei will make a jet of 
liquid oi a cloud of mist shoot upward 
a foot or moie from the suifacc. Though 
the amplitude of motion in the beam 
the distance the particles travel) is 
tiny, the forces of compression and raie- 
faction geneiate a pressure of several 
atmospheres. Moreovei, because of the 
high frequency the velocities and accel- 
erations of the particles m the medium 
aie extremely laigc. The result is that 
the material in the path of the beam is 
so violently agitated that it tends to be 
loin apart. 

This poweiful agent called ultrasonics 
has opened new avenues to progress in 
many industiies. Among the applications 
aie the piepaiation of emiiLsioiis; giving 
a finer gram to metals and photographic 
films; freeing liquids from dissolved 
gases, the puiification of milk. Ultia- 
sonic waves of suitable frequencies and 
intensities can speed up chemical loac- 
tions, stimulate the goimination ol seeds 
and kill bacteria. 


Walter G. Cadij is profes- 
sor emeritus of physics 
ai Wesleyan University. 
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CHILDHErS BOOKIi 

A special review of those about science 
for groping parents at Christmastime 



by James R. Newman 

D uring tlie summer and fall I 
spent a good many horns going 
through some 300 cliildien's sci- 
ence books. My purpose was to combine 
the duties of parent and book leviewer 
to make a moderately compiehensive 
survey of what was currently available 
and to share what I had learned with my 
children and with other childien's par- 
ents, especially those who are readers of 
this magazine. The detailed conclusions 
on about a third of the total aie to be 
found below, but a few general observa- 
tions may be appropriate as an introduc- 
tion. 

First, it IS evident that the art of writ- 
ing simple, explanatory science texts foi 
children has advanced considerably dm'- 
ing the last half-century. My library 
holds a number of childien's science 
books, written between 1900 and 1920, 
which I can recommend to neither chil- 
dren nor adults. The style is sentimental, 
the whimsy terrifying, the illustrations 
appmently prepared with a leaking pen, 
the type and bindmg lepellent. There are 
exceptions, of course, especially among 
the books intended for older children. 
You will not find anything by coiitem- 
poraiy authors to match the old masters: 
Michael Faraday on the candle, T. H. 
Huxley on a piece of chalk, John Tyndall 
on sound, Sylvanus Thompson on mag- 
netism, C. V. Boys on soap bubbles. But 
for all their elegance and clarity, many 
such essays ai*e not easy reading; to say 
they are accessible to adolescents is per- 
haps only to say that in intellectual grasp 
the average 15-year-old is tlie peer of tlae 
average adult and that he makes up in 
curiosity and receptiveness to new ideas 
what he may lack in information. A sci- 
ence primer, I have come to realize, 
should possess the attributes of a well- 
designed puzzle. It should be hard to 
master but not too hard, for in that case 
it will be rejected before it awakens the 
imagination necessar}^ to solve it. 

Looking over some of die British ele- 
mentary science books by James Jeans, 
William Bragg, E. N, da C, Andrade, 
J. P, Kendall and others, based on lec- 
tures delivered in the notable Royal In- 
stitution Christmas Lecture Series, one 
is struck by the same point. We have 
almost nothing to equal these popiilaii- 
zations, as we have almost nothing (the 


Philadelphia Franklin Institute Lectin es 
are a possible exception) to equal the 
Christmas lectures. But it is a mistake to 
assume that, because the Royal Institu- 
tion Senes is described as diiected to a 
‘*]uvenile auditory,” the books them- 
selves can be read by any but exce^^tion- 
ally gifted children. I think the science 
books published in the U. S. foi the 
vague ‘12 and up” group aie on the 
whole better suited for the average child, 
they aie more cognizant of liis limitations 
and moie deliberately aimed at overcom- 
ing diem. Although wiitten with less 
imagination and less depth, they are su- 
peiior in their broad appeal to many 
childien without special scientific apti- 
tude who, nevertheless, aie interested in 
science and whose interest should be tul- 
filled I need waste no time, I am sure, 
on commonplaces about the importance 
of science in modern education. 

Second, the hulk of cuiient science 
books for younger childien (6 to 9, 9 to 
12) are remaikably satisfactory. My own 
e^irly experience with science books be- 
gan, to the best of my recollection, with 
the nature stories of Thornton W. Bur- 
gess. I was pleased with these, and I do 
not now intend to slight my obligation 
to them. The fact remains that my chil- 
dren regcU'd Burgess as an old fogy, Un- 
doubtedly some youngsteis still enjoy 
reading about animals diat go lippeity- 
lip, moreover, these childien should have 
no difficulty picking up perfectly sound 
information about nature. Otheis, how- 
evei, now prefei taking science straight, 
and it is good, I think, that most modem 
pnmers give it straight. 

One IS impressed most of all by the 
lange of beginners" texts. Besides the 
usual books about birds, mammals, in- 
sects, stars, snakes, flowers and fish, there 
are available for children under 12 suit- 
able pnmeis on embryology, weather, 
weights and measuies, physiology, phys- 
ics, chemistry, anthiopology, geography, 
manufacturing, railroads, machinery, 
carpeiiti-y, cooking, geology and othei 
estimable subjects. 

Another clear gain lesulting fiom 
modern educational theory is the ad- 
vance m visual teacloing, reflected in the 
many colorful, ingenious illustrations to 
be found in the better childien s books. 
When text and illustrations are success- 
fully combined, tliere is almost no limit 
to the subject matter that can be effec- 
tively mtroduced at the younger level. 

The selections below ai*e a fairly repre- 
sentative but in no sense a complete col- 


lection of the last few yeais’ ciop. Not a 
few good hooks weie omitted because of 
space limitations, otheis weic not avail- 
able, and some, no doubt, aie unknown 
to me. Many books are included because 
they aie cm rent, not because they are 
good, some of oldei vintage are biiefly 
lef erred to because they are lecenl le- 
pi lilts of popular favoiites 

Physical Sciences 

What Makes the Wheels Go Round, 
by Edward G. Huey. Reynal and 
Hitchcock, 1940 ($2.50). 
Understanding Science, by William 
FI. Cl Ouse. Whittlesey Flouse, 1948 
($2.75). 

Modern Wonders and Flow They 
Work, by Captain Biiir W. Leyson. 
E. P Dutton and Co., 1949 ($3.50). 
The Sky Is Blue, by W. Maxwell Reed. 
Haicoiut, Brace and Company, 1932 
($ 2 . 00 ). 

And That’s Why, by W. Maxwell Reed. 

Haicoiiil, Biace and Company, 1932 
^ ($1.75). 

I’ll Show You Flow It FIappens and 
If You Could See Inside. Both by 
Mane Neurath. Chanticleei Pi ess, 
Inc., 1949 ($1.50 each). 

You and Atomic Energy, by John 
Lewellen. Children’s Press, Inc., 1949 
($1.50). 

Picture Book of Molecules and 
Atoms, by Jeiome S. Meyei Lothrop, 
Lee and Shepaid Co., Inc., 1947 
($ 2 . 00 ), 

The Story of Sound, by James Geral- 
ton. Harcourt, Brace and Companv, 
1948 ($2.00). 

The Bright Design, by Katheiine B. 
Shippen. The Viking Press, 1949 
($3.50). 

Electronics for Young People, by 
Jeanne Bendick. Whittlesey House, 
1947 ($2.00). 

How Big Is Big?, by Flerman and Nina 
Schneider William R. Scott, Inc , 
1946 ($1,50). 

The reason for listing Mr. Huey’s book 
(foi childien of 10 and up), although it 
was published almost 10 years ago, is 
that nothing comparable has come along 
in the interval. It explains heat, light, 
electricity, magnetism, sound, mertia 
and friction, and such familiar objects 
as radios, telephones, locomotives, auto- 
mobiles, steam shovels, vacuum cleaaeis, 
ice cream cones, airplanes and rubber 
boots. There are effective illustrations 
and an index. For either classroom or 
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home it sets a sLaiichud hy wliieli io 
measure succcssois. Mr. Crouse undei- 
takes a similar task for high-scliool read- 
ers. Heic, of eouisc, llieie is more 
competition, including a numbei of ac- 
ceptable school texts. Besides the usual 
topics, Crouse desciibes the operation of 
tiansformers, rocket and jet engines, 
ladar, the atomic bomb and othei mod- 
em devices. The book is notable loi un- 
encumbeied willing and illustrations by 
Jeanne Bendick up to her customary 
quality. Captain Ley sou's '‘modem won- 
cleis’' will give youi high-school son a 
pretty naiiow view of what science is 
about, bombs, rockets, military jets, su- 
pei sonic speed (“Us diie potentialities”), 
guided missiles, lobots, ladar, proximity 
fuze, space ships (“militaiy value . . . 
dire possibilities”), and so on. 

The two Reed liooks (8 to 12) aie not 
to be compaied with his Science-lor- 
Sam series, reviewed lielow. In each case 
a no better than passable text and wholly 
inadequate illustrations make a dull 
package. Miss Neuralh’s little primers (7 
to 10) are completely gay and charming. 
Printed and designed in England, these 
volumes embody all that is desnable in 
the gome of brief, elementary science 
stones, ril Show Yoti How It Ilappenfi 
tells how fire makes an engine go, how 
shadows fall, how coal is made, how the 
turning of the earlli makes day and niglU. 
The other volume picscnts beautilully 
simple, cioss-sectional drawings of such 
objects as a house, a lighthouse, a ship, 
a volcano, a pyramid and a wasp’s nest. 
It is a pity the books are so high-priced. 

The Schneiders’ altogether admirable 
little volume answers the many questions 
children (7 to 10) ask about size. By 
means of a numbei of comparisons (ele- 
phants with tices with skysciapers with 
moimtams with the moon, earth and 
stars) children loam how small they and 
their parents really aie m relation to cer- 
tain other objects in the physical world. 
Then by reversing the scale (from man 
to dog to mouse to flea to a drop of water 
to algae and finally to atoms) they are 
enabled to gam full perspective and ap- 
preciate their true place in the hierarchy 
of size— midway, roughly speaking, be- 
tween the smallest and the largest of 
things. A delightful book. 

From Jerome Meyer’s picture book 
children ( 8 to 12) can leain about molec- 
ular structure, neutrons, protons, the be- 
havior of gases, fission, chain leactions 
and, to be sure, the atomic bomb (how 
could children get on without it). Not 
exceptional, but satisfactory. Despite the 
formidable advisory services of Glenn T. 
Seaborg, co-discoverer of plutonium, Mr. 
Lewellen’s book on atomic energy misses 
fire. The illustrations do not quite fill the 
gaps in a text which is likely to leave 10- 
year-olds with a fresh set of confusions in 
place of Ignorance. 

Mr. Geralton, a Harvard physics in- 
structor, writes literately for children of 
10 to 14 about pitch, frequency, reso- 


uance and olhei c()ucc]:)ts ol the science 
()l sound; the illustrations arc lively and 
giacelnl. This is still not a wholly satis- 
factory physics primer, mainly because 
neither text nor pictures arc sufficiently 
analytic. Complex things are not taken 
apait so that the relationship between 
tlieir elements can be understood. 

By means of a senes of brief, anecdotal 
])ioguiphies, Miss Shippen describes (foi 
1 2-year-okls and oldei ) the evolution of 
electromagnetic theory. Somewhat sii- 
j^erficial on the theoretical side, but skill- 
hilly planned, well written and uniisnally 
success lul in conveying an im|:)rcssion of 
the grand design of modern physics. In- 
adecjiiately illustrated and ovei priced. 

The Bendick book is a revised leissue 
ol Electronics for Botjs and Girls An 
efficient, readable introduction, with 
praise due the small sketches, which arc 
joarticularly helpful . 

PiCTuuE Book of Asthono^iy, by Jc- 
lomc S. Meyer. Lothrop, Lee and 
Shepard Co., Inc., 1945 ($2.00). 
Introducing the Constellations, by 
Robeit H, Bakei. The Viking Press, 
1942 ($2.50). 

When the Stars Come Out, by Robert 
H. Baker. The ^hknlg Puxss, 1944 
($2.50). 

The Stars for Sam, by W. Maxwell 
Bccd. Ilarcoiirl, Brace and Company, 
1931 ($3.75). 

Sun, Moon and Stars, ]>y William T. 
Skilling and Robert S. Richardson. 
Wlnltlesey House, 1946 ( $2.75). 

The Stars in Our PIeaven, by Peter 
Liim. Pantheon Books, Inc., 1948 
($3.75). 

The Stars for Children, by Gaylord 
Johnson. The Macmillan Companv, 
1949 ($2.00). 

The Book of Stars for Young People, 
bv William Tyler OJeott. G. P. Put- 
nam’s Sons, 1923 ($3.75). 

This group LS fairly representative of 
the many available introductions to as- 
tronomy .suited to eveiy age level. It 
exhibits, also, the changes which have 
taken place in the last 25 years in educa- 
tional method and attitude, Mr. Meyer 
is an old hand at juvenile science and 
novelty books. His picture book (6 to 
10) is simply written and pleasantly 
illustrated. One would wish to see some- 
thing better for this age group but this 
work will do until then. 

Dr. Bakers two books (high-school 
level or even above if you don’t mind a 
touch of condescension) are readable, 
well-designed and well-illusti'ated intro- 
ductions, deserving of their popularity. 
The scientific and historical materials 
are skillfully blended into a flowing nar- 
rative which is at once informative and 
entertaining. One recalls, in this connec- 
tion, that professional astronomers pre- 
dominate among the noted popularizers 
of science. 

Skilling and Richardson, aiming at a 
bright junior high-school and high-school 


audience, have pioduccd an nnassinnmg, 
highly palatable textbook, no dispaiage- 
incnt being intended in the u.sc oi that 
teini. The explanations are successful, 
there are helpful illustiations and sug- 
gestions Jor experiments, and the rela- 
tion between astronomy and other sci- 
ences receives proper attention. 

The Stars for Sam (any Sam over 12) 
is, in most respects, the outstanding book 
of its class. First-rate typography, over 
100 photographs, diagrams and line 
drawings, a cleai, well-paced text (with 
only minor inaccuracies) make a ically 
exciting book winch no child even faintly 
susceptililc to astionomy ought to miss. 
One annoyance is tliat lliere is no index. 
As a supplement to any of the foregoing 
books designed for the uppei age gTOups, 
Liim’s collection ol myths and fables 
about the stars, diawn from Roman, 
Greek, Chinese, Babylonian, Norse and 
Indian sources, is highly appropriate. A 
scholarly and solid volume; fascinating 
m not-too-largc doses. 

While Johnson and Olcott are both 
somewhat dated, in approach if not in 
information, they have merit and are not 
without charm. Olcott stresses die fables 
and the observational side ol astionomy; 
Johnson has an inquiring Paul and Betty 
and a tireless, encyclopedic Uncle Heniy 
who composes poetiy, knows Latin, 
Greek, mythology and all about Cas- 
siopeia, Aijiiila and Dclpbmus. Perfectly 
harmless. 

The Land Renewed, by William R. Van 
Dei sal and Edward H. Graham. Ox- 
ford University Press, 1946 ($2.00), 
Minerals, by Herbert S. Zim and Eliza- 
beth K. Cooper. liarcourt, Biace and 
Company, 1943 ($3.00). 

The Earth for Sam, by W. Maxwell 
Reed. Harcourl, Brace and Company, 
1930 ($3.75). 

Stories in Rocks, by Henry Lionel Wil- 
liams. Henry Plolt and Company, 1948 
($3.00). 

A highly satisfactoiy collection of 
books about the earth sciences. The Van 
Deisal-Graham book, with the help of a 
large number of admirable photographs, 
tells the story of soil conservation: how 
water, wind, greed and neglect have 
wasted the soil and what can be done 
about it. An important and readable es- 
say, suitable for teen-agers as well as 
adults. 

Minerals has the qualities usually 
found in the writings of the prolific Mr. 
Zini. It is honest, direct, accurate and 
supported ])y apt illustrations. Recom- 
mended for the amateur collector of al- 
most any inert object to be found on the 
ground. Mr. Williams presents for the 
junior high-school age group a balanced 
introduction to historical geology, some- 
what less exciting than Reed’s popular 
book but also less whimsical. Each of 
these volumes has its own atti'active fea- 
tures. Mr. Reed’s is noted for the re- 
markable range of its illustrations, 
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though with successive printings the re- 
productions regrettably grow shabbier. 

Biological Sciences 

From Head to Foot, by Alex Novi- 
koff. International Publishers, 1946 
($ 2 . 00 ). 

How Man Discovered His Body, by 
Sarah H. Riedman. International Pub- 
lishers, 1947 ($2.25). 

Climbing Our Family Tree, by Alex 
Novikoif. International Publishers, 
1945 ($2.00). 

Egg to Chick, by Ivhllicent E. Sel- 
sam. International Publisheis, 1946 
($ 1 . 00 ). 

A supeiior assoitinent out of the 
Young World Book senes. Dr. Novikoff’s 
account of our bodies and how they work 
( 12 and up ) is filled with sound histon- 
cal and scientific information, freshly 
and interestingly told. Foi a beginning 
physiology it is remarkably compiehen- 
sive: circulation, blood corpuscles, di- 
gestion, nervous system, hormones, re- 
production, genetics, metabolism and so 
on. Helpful pictures A histoiy of physi- 
ology is the mam theme of Dr. Riedman's 
stoiy (12 and up), which runs from 
Harvey to Pavlov, and takes note, along 
the way, of the general development of 
scientific method and particulai*ly of the 
relation between the progress of physi- 
ology and ad\ainces m other sciences. 
Clinihing Our Family Tiec (12 and up) 
is an excellent introduction to evolution 
The Selsam book (6 to 9) is nothing 
less than a tour de force. In 28 pages it 
recounts the changes that take place in- 
side an egg from the time it is laid until 
the bedraggled chick ciacks its way out 
and becomes, within a few horns, fully 
adept at managing its own life, 

A Baby Is Born, by Milton I. Levine and 
Jean H. Seligmann. Simon and Schu- 
ster, Inc., 1949 ($1.50). 

Intended to serve younger childien (6 
to 10) who can lead or be read to, as the 
authors’ well-known The Wonder of Life 
has served older children Sexual func- 
tion, reproduction, birth and the baby’s 
first months honestly and unsentimen- 
tally portrayed. Recommended. 

The Amateur Naturalist’s Handbook, 
by Vinson Brown. Little, Brown and 
Company, 1948 ($3,50). 

Just what the title says and veiy good 
too. A small, fat volume packed with 
facts and profusely illusti-ated. For any 
lovei or collector of plants, anmials, rocks 
and minerals, A thorough index and 
bibliography. 

Lets Go Outdoors, Let’s Go to the 
S3EASHORE and Lets Go to the 
Desert. All by Harriet E. Huntington. 
Doubleday and Company, Inc., 1939 
to 1949 ($2.50 each). 

Superb photographs and simple text 
make these among the outstanding na- 


tuie books foi childien up to 9. Nothing 

better in the entire field. 

The Burgess Bird Book for Children, 
by Thointon W. Buigess. Little, 
Blown and Company, 1919 and 1948 
($3.00). 

Tra\ eling utth the Birds, by Rudyeid 
Boulton. M. A. Donohue and Co., 
1933 ($2.00). 

Birds At Home, by Jvlaiguente Henry. 
M. A. Donohue and Co., 1942 
($ 2 . 00 ). 

A Child’s Book of Birds, by Lms M. 
Hendeison. Maxton Publishers Incor- 
porated, 1946 (50 cents). 

Listen to the Mockingbird, by Irmen- 
garde Eberle. Whittlesey House, 1949 
($2 00 ). 

Starlings, by Wilfrid S. Bronson. Har- 
couit. Brace and Company, 1949 
($ 2 . 00 ). 

Homing Pigeons, by Herbert S. Zim. 
William Moirow and Company, 1949 
($ 2 . 00 ) 



Rufous Redtail, by Helen Garrett. The 
Viking Pi ess, 1947 ($2 50). 

Birds: A Guide to the Most Familiar 
American Birds, by Herbeit S. Zini 
and Ira N. Gabiielson. Simon and 
Schuster, Inc., 1949 ($1.00) . 

Selected from an immense crop ot 
books about birds, these are repiesenta- 
tive of the better efforts. Burgess (8 and 
up) is fine for children who like Burgess, 
Boulton and Henry me lai-ge-pnnt pic- 
ture books, well colored; Henderson is 
very nicely and unassumingly done for 
younger children. The next few volumes 
are specialties, each of which will appeal 
either as natuie study cast in fiction form 
or, as in the case of Zim and Bronson, as 
introductory manuals of birdlore about 
particular species. (Eberle 8 to 12; 
Bronson 7 up, Zim 12 to 16, Gairett 8 or 
9 up) . Birds, a Golden Nature Guide, is 
a find, Real pocket size; clear, accmate 
text; 112 color plates; packed with in- 
formation about the traits and habits of 
the most common birds of America. 
Everytliing about this delightful book, 
including the price, merits praise for the 


illustiatoi, authois and publisheis. Indis- 
pensable foi bud watchers oi anyone 
who ever looks out of his window. 

The Insect World, by Hilda T. Haip- 
stei The Viking Press, 1948 ($3.00). 
The Grasshopper Book, by Wilfrid S 
Bionson. Plaicoml, Brace and Com- 
pany, 1943 ($2.25). 

Insect Oddities, by Raymond Ditmais. 
J. B. Llppmcott Company, 1938 
($2.25). 

Each of these books is informative, 
accurate and mteicstmg Haipster (12 
up) is general, telling about insect diet, 
habits, homes, aimoi, camouflage and 
the like; Bronson (8 up) and Dilmars 
(7 up ) are studded with the kind of de- 
tails childien and adults never tire of. 

The Sea for Sam, by William M. Reed. 
Haicourt, Brace and Company, 1935 
($3,75). 

The Burgess Seashore Book for 
Children, by Thornton W. Burgess. 
Little, Blown and Company, 1929 and 
1948 ($3.()()), 

The Gulf Stream, by Ruth Bimdze. 

The Vanguaid Press, 1945 ($2.50). 
Goldfish, by Herbert S. Zim. William 
Moi low and Company, 1947 ($2.00). 
A good lot. Reed (10 to 11 and up) 
and Burgcs.s (8 up) arc, ot com sc, 
standaid, diflcimg m appioacli but both 
liked by childien. Reed, liowcvci, takes 
in addition to maiiiic hie the sciences of 
waves, tides and cunents. The Gulf 
Stream (9 to 12) is history and science: 
an unusual stoiy handsomely illustrated. 
Highly recommended Zim’s book not 
only tells a 7- oi 8-yeai-old eveiy thing he 
would evei want to know about goldfish 
but gives clear advice on how to build 
and maintain an aqiuumm 

The Burgess Animal Book for Chil- 
dren, by Thornton W. Burgess. Little, 
Brown and Company, 1920 and 1948 
($300). 

Farm Animals, hy Doiothy Childs Hog- 
ner. Oxfoid Umveisitv Press, 1945 
($3.50). 

The Anixial Book, by Doiothy Childs 
Hogner and Nils Hogner Oxford Uni- 
versity Press, 1942 ($3.50). 

Friendly Animals, by Karl Patterson 
Schmidt. M. A. Donohue and Co., 
1947 ($2.00). 

Wildlife for America, by Edward 
H, Giaham and William R, Van Der- 
sal. Oxford Univeisity Press, 1949 
($2.50). 

Animal Tracks, Animal Homes and 
Animal Sounds All by George F. 
Mason. William Moirow and Compa- 
ny, 1943 to 1948 ($2.00 each). 
Horns aNd Antlers, by Wilfrid S. 
Bronson. Harcourt, Brace and Com- 
pany, 1942 ($2.50). 

Coyotes, by Wilfrid S. Bronson. Har- 
court, Brace and Company, 1946 
($1.75). 

Mice, Men and Elephants, by Herbert 
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S. Zun. Hiucoiut, Buicc and Compa- 
ny, 1942 ($2.00). 

Haubits, by ITeiboii S Ziin. William 
Monow and C^ompany, 1948 ($2.00). 
The older favouics bold their place; 
Biugess, with only lair color plates, is 
instiuctive and simple; the Hognei vol- 
umes (12 to 16), The Animal Book m 
particular, aic tlioiough, wide in scope 
and as handsome as anything to be lonnd 
on libraiy shelves. They cannot be lec- 
ommended too highly. Fnendhf Animals, 
by the Cuiator ol the Chicago Natuial 
Histoiy Museum, will do loi younger 
children. The matenal is c|uitc limited in 
comparison with the content ol Burgess 
oi Hognei. Graham and Van Dei sal have 
extended their conseivation stoiy liom 
soil {sec Thifsical Sciences) to wildhie. 
Striking photographs accompany a well- 
organized, convincing text. 

For 8-ycar-okls and up who ciijoy na- 
ture study the Mason books oiler much 
that is uselul as well as intiigumg. They 
describe how animals live and build their 
homes, the kind ol i'ootpnnts and other 
tracks they leave m mud or snow, their 
night noises, chiips, warning signals, 
songs and bellows. Even an alligator will 
lespond, says Mr. Mason, who is a sci- 
entist and artist on the stall ol the Amcii- 
can Museum o! Natuial llisloiy, to the 
sounding ol B Hat on a Fiench horn or 
'cello. Mr. Bronson’s writings (6 to 10) 
aie usually amusing, pleasantly illns- 
liatcd and accurate. His genuine leelmg 
hir animals cairics ovei in these, just as 
ill Ins many other books. If your child 
likes and/or keeps (or thicatcns to keep) 
rabbits, Mr. Zini’s book on the suliject is 
a necessity. It will help prcseive the lab- 
bits as well as your peace ol mind Mice, 
Men and Elephants, while offering no 
advice on the maintenance ol a back- 
yard elephant hutch, is an able account 
ot the physiology ol mammals m geneial. 
Photographs and text tell about poicu- 
pines, cats* whiskeis, inammaiy glands, 
the heart (it licats 39,420,000 times a 
yeai, excluding tense interludes), the 
brain, tempciature controls, mating, sea 
elephants, and male skunks-“Who leluse 
to help in raising their families. Recom- 
mended, especially to help parents 
through the question period. 

The Burgess Flower Book for Chil- 
dren, by Thointon W. Burgess. Little, 
Brown and Company, 1923 and 1947 
($3.00). 

Fruits of the Earth and Indian FIar- 
VEST. Both by Jannette Lucas and Hel- 
ene Carter. J. B. Lippincott Company, 
1942 and 1945 ($2.00 each) . 

Lets Learn the Flowers and Leaf, 
Fruit and Flower. Both by Marshall 
McClintock. Chanticleer Press, Inc., 
1948 ($1.00 each). 

Anywhere in the World, Bits That 
Grow Big and Up Above and Down 
Below, All by Irma E. Webber. Wil- 
liam R. Scott, Inc., 1947 ( $1.50 each) . 
Child’s Garden of Flowers and 


Ciuld'.s G vbdbn Vegetables. Both 
iiy Robert V. Masteis. Giconboig; 
Piiblislicr, 1949 ($1.00 each) . 

Big Tiu.e, liv Marv and Conrad Buff, 
The Viking Press, ^ 1946 ( $3 00 ) . 
Burgess has 113 illustrations lu black 
and white, muddy color icpioduclious 
and the usual as\soitmeut of Peter Rab- 
liit, Meiry Little Breeze, Bubbling Bob, 
Blue-Eyed Giass, Buslei Bear, Mr. 
Giouse and otheis. Nothing can be done 
about it, the lacts are accurate and young 
ehildicn aie perhaps less sensitive tlian 
die icviowcr. For children oi 10 and up 
the Lucas-Cartci liooks aie just light, 
lor till ight and atti active. Cluinticleei 
Press deserves success in the 6-to-l() 
market; their photography books aie 
lively, with large type and satisfactory 
color rcpioductioiis. The prices aie sensi- 
ble. Dr. Webber’s books (7 to 11) are 
caiefully thought out. Her illusti ations 
match a lucid text which by a ficsh ap- 
proach conveys ideas usually thought to 
lie above this age group. Bits That Grow 
Biff^ iiieiudes easy but valuable expeii- 
mcnls. Along this line the two Masters 
books (8 up) can also be recommended. 
Each contains five packages of Bin pee 
seeds with explicit directions lor indoor 
and outdooi planting and caie. The 
hooks themselves are cheaply made, be- 
cause bore the seedvS are the thing, Once 
the directions are followed tlie manual 
can he discaided. 

Big Tree, the sloiy ol a Secjuoia ( 10 to 
15), is a heaiiLilul book. It is a nairative 
simply told, elegant in illustration and 
design. Splendid foi any child’s library. 

Snakes Alive, by Clifford H. Pope. The 
Vikmg Press, 1946 ($3.50). 

The best book of its kind. Everything 
that any amateur would want to know 
about snakes, their physiology, senses 
and intelligence, feeding habits, repro- 
duction, locomotion, defenses, venoms 
and so on. 

Social Sciences 

All About Us, by Eva Knox Evan.s, 
Capitol Publishing Co., 1947 ($2.00) . 
This Is The World, by Josephine Van 
Dolzen Pease. Rand McNally and 
Company, 1946 ($2.50). 

Let’s Read About Brazil, by Stella 
Burke May. The Fideler Company, 
1948 ($2.95). 

Let’s Read About China, by Cornelia 
Spencer. The Fideler Company, 1948 
($2.95), 

My First Geography of the Axiericas, 
by Ai’ensa Sondergaard. Little, Brown 
and Company, 1946 ($1.75). 

My First Geography of the Pacific, 
by Aiensa Sondergaard. Little, Btown 
and Company, 1946 ($2.00). 

Sky Highways, by Trevor Lloyd. 
Houghton Mifflin Company, 1945 
($2.50). 

For all its whimsy, which is probably 
no worse for your child than are Captain 


Columbia Books 
for the scientific mind 


Most of the World 

RALPH LINTON, EDITOR. A report on the peo- 
ples of Africa, Latin America, and the East by 
14 social scientists. ”A wealth of up-to-date in- 
formation " — N. Y. Times, $5.50 


Reflections on Our Age 

UNESCO. A. H. Compton, Joliot-Curie, J. 
Needham, four other scientists and 16 famous 
names in the arts and education reflect upon 
our world. $4.50 


Economic Mon 

C. REINOLD NOYES. A massive critique of 
social and biological science which places man 
in true relation ho his natural environment. 

2vols. $15.00 


Heredity 

and Its Variability 

T D, LYSENKO. The famous Russian presents 
his case $ .75 


Art and Scientific 
Thought 

MARTIN JOHNSON. An investigation of dif- 
ferences and likenesses, by an expert in both 
fields, $3,00 


Genetics and 
the Origin of Species 

T. DOBZHANSXY. "A necessary hook for all 
who are interested in recent developments of 
the theory of evolution ." — Botanical Gaieffe. 

$4.50 

Tempo and Mode 
in Evolution 

GEORGE G. SIMPSON, "Important contribu- 
tion lo evolutionary theory," — American Journal 
ot Science, $3.50 

Science ond Freedom 

LYMAN BRYSON. "His views on the relation 
between science and freedom will challenge his 
readers . . — N. Y, Times. $2.75 

Systematics and the 
Origin of Species 

ERNST MAYR "Ranks with Darwin's Origin of 
Species . . — Current Science. $4.50 

The Nature-Nurture 
Controversy 

NICHOLAS PASTORE. 12 hereditarians and 12 
environmentalists dissected according to their 
social and political orientation. $3,25 

To order any of these 
books, write to Box 71 2^ 

Columbia University Press, 

2960 Broadway, N. Y. 27, 


COLUMBIA 
UNIVERSITY PRESS 
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Midnight and the hke, AU About Us is a 
civilized book based upon an excellent 
idea. Accessible to all but the youngest 
children, it tells how men are alike, how 
they difter and how secondary are the 
most obvious differences of race, color 
and cieed. A weapon against misinfor- 
mation and bigotry, this book should be 
required reading to piecede a child’s in- 
troduction to the Bill of Rights. 

For preschool-age children, the Pease 
inti‘oduction to geography is among the 
best of Its kind. The facts are intelligently 
selected and imparted with a simplicity 
which conceals a good deal of fore- 
thought and direction. 

The next two volumes are conven- 
tional geographies (8 to 12) full of un- 
objectionable facts, with slightly better 
than aveiage photographs. Part of a se- 
lies on Australia, Brazil, Alaska, Russia, 
India, and so on. 

Geography of the Americas has a 
mimmura of words and an abundance of 
bright, charming sketches in full color, 
ships, bridges, trains, canals, macbines, 
oil fields, forests, fruits, volcanoes, native 
costumes and maps. Perfect for 6-to-9- 
year-olds, Miss Sondergaard’s book on 
^the Pacific (8 to 12) is another treasure. 
The subject matter is fascinating, the 
nan'ative clear and fluent, the colored 
illustrations superb. Easily the most orig- 
inal and successful geography primei 
that has yet appeared. 

Shj Highwaijs (8 to 13) is a world 
sm'vey from the air. You start m Wash- 
ington, fly to Brazil, across Africa to In- 
dia, then through Chungking, Siberia, 
Alaska, Canada and home. Really more 
about flying, weather and air routes than 
about what lies below Alaps, diagrams, 
satisfactory writing. 

Technology 

The Chemical Industry, The Coal 
Industry, The Cotton Industry, 
The Electrical Industry, Fish 
Production, The Glass Industry, 
The Paper Industry, The Plastics 
Industry, The Petroleum In-dustry, 
The Rubber Industry and The 
Steel Industry. All by Josephine 
Perry. Longmans, Green and Co., 
1940 to 1947 (S2.00each). 

The Steel Book, The Glass Book and 
The Paper Book. All by Wilham 
Clayton Pryor and Helen Sloman Pry- 
or. Harcourt, Brace and Company, 
1935 and 1936 ($1.50, $1,50 and 
$ 1 . 00 ). 

Aluminum prom Mine to Sky, bv June 
Metcalfe. Whittlesey House,' 1947 
(12.50). 

- Copper, By June Metcalfe. The 
Press, 1946 ($2.50), 

Plastics and Rayon, Nylon and Glass 
Fibers. Botli by the W.P.A. Permsyl- 
vania Writers project. Albert WMt- 
man and CB., 1945 (75 cents each). 

In the America at Work series Miss 
Perry attempts, for grade-school-age 
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childien, a brief desciiptiou oi the his- 
tory and technical piocesses of a num- 
ber of major mdustnes. The idea is good. 
The execution, unfoi Innately, has the in- 
spiration and tone of a stockholders’ le- 
port. Miss Metcalfe’s stories of aluminum 
and copper, on the other hand, are ex- 
cellent. They recount the historical evo- 
lution of the two metals and give simple, 
well-illustrated accounts of the processes 
employed in mining, refining, metallurgy 
and manufactuie. On a moie elemental y 
level, the Pryors in their photogiaphic 
picture books convey a gieat deal of 
accurate, understandable information 
about the modern methods used in the 
production of paper, glas^ und 4.* 
brief, inexpensive little haudb'ol 
Signed for third- or fouub-gK‘d' 
dren, the W.P.A, Pennsylvame, rs 
Pioject science leaders (there - ‘ 
more tha*r those leviewed w*... 



straightforward, satisfactoiy inti educ- 
tions. The type is large and there are 
illustrations. 

Biography 

Young Audubon, by Miiiam E. Mason. 
The Bobbs-Mernll Company, 1943 
($1.75), 

Aleck Bell, by Mabel Cleland Widde- 
mer. The Bobbs-Merrill Company, 
1947 ($1.75). 

George Carver, by Augusta Stevenson 
The Bobbs-Menill Company, 1944 
($1.75). 

Luther Burbank, by Olive W. Burt. 
The Bobbs-Merrill Company, 1948 
($1.75). 

Tom Edison, by Sue Guthiidge. The 
Bobbs- ‘Mennll Company, 1947 
($1.75). ^ ^ 

Robert Fulton, by Marguerite Heniy. 
The Bobbs-Merrill Company, 1945 
($1.75). 

Ben Franklin, by Augusta Stevenson. 
The Bobbs-Merrill Company, 1941 
($1.75). 

' These volumes in a well-known series 
about noted Americans in many differ- 
ent fields are 9- to- 13-year-old-level biog- 
raphies, mostly anecdotal, concerned 
with the subject's life through adoles- 
cence, The last chapter is usually a sum- 
mary of his later achievements. They 
have a stereotyped, written-to-order fla- 


voi, but aic leputed to be populai amont^ 
parents. 

American Inventors and American 
Scientists. Both by C. J. Hylander. 
The Macmillan Company, 1934 and 
1935 ($2.50 each). 

Collections of biogiaphical notes 
about Bell, Morse, Fulton, Franklin, 
Ericsson, Remsen, Silliman, Newcomb, 
Agassiz, Millikan and many others. Fre- 
quently reprinted, these volumes, ad- 
diessedto 12-to-16-year-old readers, are, 
I suppose, adequate of their soit: unas- 
suming, accurate, sprinkled with enter- 
taining details. The scientific explana- 


ttiiU. uL.-iejr'^vIoliu.x «-.uUiU liu. ^ 

substituted to advantage. 

Heroes of Civilization, by Joseph 
Cottier and Haym Jaffe. Little, Biown 
and Company, 1931 and 1947 
($3.00). 

An established favoiite, consisting of 
brief sketches of explorers (from Marco 
Polo to Amundsen), scientists (Copei- 
nicus to Einstein), inventors (Gutenberg 
to the Wright brothers), biologists and 
doctois (Harvey to Mendel). A very 
good book for hero-worsliippeis. 

That Lively Man, Ben Franklin, by 
Jeanette Eaton, William Moiiovv and 
Company, 1948 ($2.50). 

An uncommonly atti active and bal- 
anced account of the life of this remark- 
able man. It is written without conde- 
scension, with color and spiiit, describing 
equally well the man, the scientist, the 
philosophei and the practical statesman. 
Highly recommended for readers up to 
13 01 so. 

Home Experimentation 

Fun With Science and Fun With 
Chemistry. Both by Mae and Iia 
Freeman. Random House, 1943 and 
1944 ($1.50 each). 

After-Dinner Science, by Kenneth M- 
Swezey. Whittlesey House, 1948 
($3.00). 

Experiments in Science and Experi- 
ments With Electricity. Both by 
Nelson F. Beeler and Franklyn Brap- 
ley. Thomas Y. Crowell Company, 
1947 and 1949 ($2 50 each). 

Let’s Look Inside Your House and 
Let’s Find Out. Botli by Nina and 
Herman Schneider. William R. Scott, 
Inc., 1948 and 1949 ($1.50 each). 
Some children are born experimenters 
and others are not. Even among the 
great scientists there have been those 
who were all thumbs in the laboratory. 
A good home-experiment manual must 
-be based on a recognition of these wide 
differences in aptitudes and methods of 


learning, providing exercises that chil- 
dien can peitorm whether or not they 
are natiiially skillful. The experiments 
should be simple, the directions explicit, 
the mateiials and equipment available 
around the house, the results non-incen- 
diary, non-destiuctive and non-lethal. 
The educational value of such books is 
almost self-evident, any interesting ex- 
periment will teach the experimenter 
moie about the natuie of science and 
how things woik than the most lucid text. 

Judged by these ciitcna the two Free- 
man books ( 10 to 14) are ideal. With oi- 
dmary tablewaic, nails, glasses, milk bot- 
tles, coiks, maibles, paper, lubber bands, 
vinegai, baking soda, flashlight batteiies 
and the like, the junior Galileo or Faia- 
day can demonstrate the pimciplcs of 
ineitia, the theoiy of heat, light, elec- 
tiicity and magnetism, molecular slruc- 
ture, the chemistry of combustion, the 
behavior of gases and so on. Directions 
and pictures arc both fiist-rate. Beeler 
and Branley piesent somewhat more ad- 
vanced experiments, especially in their 
book on elcctiicity. Their program in- 
cludes diicctions for making a bell, elcc- 
tiomagnct, barometer, an cannon (quite 
safe), periscope, telephone, fire extin- 
guisher and chaicoal. Simple and satis- 
factory. 

Mr, Swe/ey's book is supposed to 
amuse the family alter dinner. Besides 
the usual haimlcss (and some pointless) 
(‘xperiments, it describes others requn- 
mg consideiable caic and skill, Sul June 
acid IS not likely to impiove one’s cloth- 
ing, manganese dioxide is not found in 
every gioccry cabinet, zinc filings mixed 
with carbon teliachlonde over an open 
flame perched on the dining-room table 
Will evoke no huzzas from mothei . After 
dinner perhaps, but in a laboratory and 
under cxpoit supervision. 

The Schneider books (6 to 9) relate 
practical, easy experiments to familiar 
phenomena encountered m- and out-of- 
doors. The experiments are intended to 
answer such questions as why a teakettle 
sings, why cold water pipes sweat, where 
waim ail goes, and how water flows up- 
hill by Itself. Sti-aightforward, soundly 
organized and unassuming 

Dictionaries and Encyclopedias 

OxForm JuNiOB Encyclopaedia. Vol- 
ume I, Mankind, Volume III, The 

Universe, Oxford University Press, 

1949 ($10 00 each). 

If the promise of these first two vol- 
umes (all that are thus far published) is 
maintained throughout the set it will be 
regarded as a notable addition to the 
juvenile reference shelf. The articles on 
the whole are excellent and the illusti-a- 
tions, if not strikingly original, are satis- 
factory. The Oxford Junior Encyclopae- 
dia has been rather coolly received by 
some reviewers for the reason, among 
others, that it compares unfavorably with 
standard American junior encyclopedias. 


The comparison, however, is both iml air 
and inconclusive. The Oxford encyclo- 
pedia’s approach and flavor aie unmis- 
takably British; its scholarship standards 
aie high; it should be welcomed as a 
valuable companion to the best of its 
American counteipaits. 

Miscellaneous 

Child’s Book of Carpentry, by Jeanne 
Taylor. Greenberg: Publisher, IQ-IS 
($2.50). 

Anyone, child oi adult, who wants to 
leain how to use nails, hammer and saw 
to bcUei pm pose than self-mutilation 
will be delighted with this book. Direc- 
tions, for a cliange, are really easy to 
lollow, the illustiations are admiiuble, 
there aie ins line Lions for making a boat, 
a bookcase, a footstool, a chest, a pic- 
ture frame and a chair— e\^eiything ac- 
cording to the soundest practice. 

The Big Fire and Riding the Rails. 
Both by Elizabeth Olds, Houghton 
KIifHin Company, 1945 and 1918 
($2.50 each). 

Two biilliantly illustrated stones (7 
to 12), the first a history of fiic-figlitmg 
in a Ing city; the second, a lusloiy of 
lailroads in the U. S. from Olivci Evans’ 
Philadelphia Steam Wagon and Peter 
Coopei’s Tom Thnml) thioiigh die pres- 
ent-day steam, gas tmliine, electric and 
Diesel locomotives. Distinguished chil- 
drens books, onlhusiaslically iceom- 
m ended. 

How Much and How Many, liy Jeanne 
Bcndick. Whittlesey House, 1947 
($2.25). 

Facts about weights and measures: 
pounds, inches, carats, ems, meters, 
hours, watts, banks, drams, degrees of 
temperature, f stops m photograpliy and 
so on. Simply told and efleclively illus- 
trated. 

Codes and Secret Writing, by Pleibeit 
S. Zim. William Morrow and Compa- 
ny, 1948 ($2.00). 

Position codes, code wheels, breaking 
codes, secret writing. Pig Latin, invisible 
ink and similar jiggery-pokeiy Not, 
stiictly speaking, a science book, but 
ceitain to interest youngsters with a bent 
foi mathematics and a taste— hardly con- 
fined to young children— foi the hocus- 
pocus ol seciecy. 

The Story of Our Calendar, by Ruth 
Bnndze. The Vanguard Press, 1949 
($2.50). 

Astronomy, cartography and horology 
are among the arts and sciences which 
enter these pages for their histone con- 
tribution to the making of the calendar. 
Miss Blind ze answers such questions as 
why George Washington s birthday was 
changed, why we have leap year, how 
the calendar got its name. A fascinating 
story and a handsome book. 
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PHENOMENA, ATOMS 

AND MOLECULES 

IRVING LANGMUIR 

The cimticnt scholar, winner of the Nobel Prize 
and one of the country’s pioneers in atomic re- 
search, has set down in this volume many of 
his thoughts, observations and conclusions. 

PHENOMENA, ATOMS AND MOLE- 
CULES exists on two levels: The first section 
of the book deals with such gencre/ problems as 
"Science, Common Sense and Decency,” "Sci- 
ence Legislation,” "World Control of Atomic 
Energy.” 

The second part of the book deals wtth such 
technical, scieuttfic problems as "Surface Chemis- 
try,” "Flames of Atomic Hydrogen,” "Forces 
Near the Surfaces of Molecules,” "The Evapora- 
tion of Atoms, Ions and Electrons from Caesium 
Films on Tungsten,” "The Condensation and 
Evaporation of Gas Molecules,” "Metastablc 
Atoms and Electrons Produced by Resonance 
Radiation in Neon,” etc, ^10.00 

Scientific Autobiography 

And Other Papers 

MAX PLANCK 

These last writings of one of the grc.atest physi- 
cists of our time include a fascinating story of 
his own personal and scientific development 

$15.75 

The World As I See It 

New Abridged Edition 

ALBERT EINSTEIN 

Contains sonic of the basic thoughts and con- 
cepts of the eminent physicist. Charming, witty, 
shrewd observations and intimate revelations of 
a great he.irt and mind. $2,75 


PHILOSOPHICAL LIBRARY, Publishers 

1 15 E. 40th St., Dept. <>6, New York 16, N. Y. 
(JhciKfltlu ultiiumtH III! aithmuo umillnurv,) 


BUHL POCKET MICROSCOPE 

A beautifully designed instrument built 
to highest optical standards. Easy draw- 
tube selection of 40 to 60-power magnifi- 
cation, valuable to physicists, chemists, 
botanists, biologisfs, metallurgists, geol- 
ogists, physicians, inspectors, hobbyists 
and expenmenlers of ail kinds. 

Optica! system has Huygens eyepiece; 
achromatic obiective is corrected for 
spherical and chromatic aberration, giv- 
ing sharp, undistorted image throughout 
wide field Smooth action fine-focusIng 
adjustment by means of Knurled microm- 
eter ring. Integral polished reflector, no 
special illumination or stand required 
Finished m handsome satin chrome and 
supplied with fine leather pocket case 
for field use Price— 513,50 postpaid. 


BUHL TRIPLET MAGNIFIER 

For the man who appreciates the finest, this compact 
H-power magnifier satisfies every requirement. Aplan- 
atic cemented 3-eiement lens presents true, clear 
image to every edge of field. No distortion, no annoy- 
ing colorfnnges. Solid brass 
lens cell folds into protec- 
tive case, Durable chrome- 
plate finish Price— $11^50 
postpaid 




Betul Clieclt nr ivionoy Oriler Tofley 
Monftv ReturriPd if not flutlslloa 


Desk C-115 1009 Beech Avenue 

PiHsburgli 12. Pa, 

Makers of Fine Optical Instramenfs 
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7 X 50 

BINOCULARS 

MADE TO RIGID MILITARY SPECIFICATIONS 



These magnificent, imported 7x50 prism binoculars 
have the brilliant luminosity, precise clarity, and 
wide, undistorted field of view obtainable only 
with a good large glass Because 7x50 glasses give 
the highest performance obtainable they are now 
the official choice of the Army, Navy and Marine 
Corps. This is your opportunity to purchase a 
brand new 7x50 AT V 3 OF LiSC/AL COST. 
Lifetime construction Lightweight aluminum 
body Individual eye focusing Ultra-precise op- 
tics, sealed against moisture and dust Unques- 
tionably the greatest binocular value available 
anywhere Sold with a guarantee of satisfaction 
or money refunded. 

Price With Price With 

Regular Optics Coated Lenses & Prisms 

$36* $46* 

*Pfus 20% Federal Tax 
IMMEDIATE DELIVERY, WE PAY THE SHIPPING COST 
Catalog of Telescopes, Microscopes, 
Binoculars l^ree on Request. 


Dept. 12K, 24 W. 4S+h St., New York 19, N. Y 



WAR SURPLUS BARGAINS 

ASSEMBLE YOUR OWN BINOCULARS 
Save More Than Vi Regular Cost 
Govrs 7x 50 
BINOCULARS 

Complete Optics, cam- 
pi eto Metal Parts. \’ew 
and ready for aBsembU 
V>& supply full tRslruc- 
tions 

METAL PARTS— Set lU- 
cludcs. an Metal Parts— 
cumpletely hrushed for 
assembly of 7 a. 70 Bin- 
oculars. Xo machining' 
retitiircd. A sttirtlt Bin- 
ocular Carrying: Case is 
optional with each set 
of Metal Parts 
Stock *842-S— S39 40 
Postpaid, plus S4 80 
for Case— Total S44.20 
OPTICS— Set includes all 
Lenses and Prisms you 

~ ^ SO Binoculars These aie in e-scel- 
near-per feet— and have new low 

refloetton coating 

Stock 4tsi02-s— 7 X 30 Optics S2S OO Postpaid 

{These are stand ud American-made parts ... not Jap- 
anese, Frencli or German. i 

Tf you buy tjoth Binocular Optics and Binocular 
Metal Parts, add 120^73 1 edcial Excise Tax to above prices 

Also Gov*t 6 X 30 Binocutars, Write for Catalog ^‘S” 

MOUNTED PROJECTION LENS— Speed F/ 1 9 . FL 

11 mm. S22.00 value for S7 DO Low Reflection Coated 
Lsod on a or 16 mm. Movie Projectors ... or to make a 
Besk 7 vewer or Fditor , . for 1 6 mm Mioro-fdm Reader 
. , for Contour Projector for very small items 
Stock =404S-S ...57.50 Postpaid 

$1200.00 VALUE far $95.00 

SCISSORS TELESCOPE— Gives 100 tunes greater stereo- 
scopic power than the unaided eye Bmoculai typo. Big 
field 01 View. 12 TKivver. Furnished complete with tnpod, 
nxM^t and, case Used by A^'iny and Navy for long dl‘^t^nce 

good condition. 

Camden, X. j iW eight approx. 79 lbs ■ 
stock c:9S2-S,. ... ... 595 qq 

kits>_the lens grafters de- 

for adults' Fun for clnldrenl Kits include 
wrirten, illustrated booklet showing how vou can 
Use these lenses in photogtaphi 
^y*^*** CLOSE-UP SHOTS, Microrhotogiaphv. 

Kodaclirome Viewer, Detachable 
Fmd^ for 35 tnjn. cameras. Steieoscooic 
enlarging focusing aids. And 
in experimental optics, building 
TELESCOPES, low povver Micrc^copes, etc. 

f lenses.. .SI . 00 Postpaid 

tenses ... SB.OO Postpaid 

Stock ^lO-S— SO lenses.. $10.00 Postpaid 

of WAR SURPLUS LENSES 
AND PRISMS FOR SALE AT BARGAIN PRICES 
Wrrfe for Catalog *‘S**— SENT FREEl 

EDMUND SALVAGE CO. 

BARRINGTON. NEW JERSEY 



Conducted by Albert G. Ingalls 

C onstruction of the world’s 

second largest telescope, 120 inch- 
es in diameter, will soon begin at 
the University of Califorma's Lick Ob- 
servatory on Mount Hamilton, 45 miles 
southeast of San Francisco, with the help 
of $1,800,000 from tlie State of Califor- 
nia. When completed it will be second 
only to the Cahfomia Institute of Tech- 
nology's 200-inch some 400 miles to the 
south on Palomar hlountain. 

The design of this great leflector has 
been under way for three yeais. A 120- 
inch, 8,500-pound ribbed Pyrex mirror 
blank has now been received and tem- 
porarily stored. The first thing to be built 
will be the observatoiy dome, since the 
mirror is to be ground, polished and fig- 
ured within it, in a temporary optical 
shop located between the telescope foun- 
dation and the dome wall. This will make 
possible both horizontal and vertical test- 
ing of the mirror during polishing and 
figuring. 

A staff of engineers under the direc- 
tion of Senior Engineer Wilbert W. 
Baustian, formerly of Caltech, has car- 
ried out the design of the telescope. A 
massive 85-ton fork mounting will give 
access to die entire heavens at the lati- 
tude of Jvlount Hamilton The tube, 
similar in principle to that of tlie 200- 
inch, will be a welded structure of the 
open truss type, built of steel plate and 
tubing with square mid-section and 
round ends. It will, however, have much 
longer relative pioportions than the 200- 
inch, tlie mirror having a focal ratio of 
f/ 5 instead of the Palomar telescope s 
//3.3. 

The 120-inch has been designed and 
is bemg built to profit from Caltech's ex- 
perience with the 200-inch. The Pasa- 
dena institution has generously- made 
these data completely available to tlie 
Lick workers. On die adiace of the build- 
ers of the 200-mch, die plan until a year 
ago was to make the 120-mch muTor of 
16-inch-thick solid glass. At that time 
the users of the 200-inch disk still re- 
garded its ribbed construction as experi- 
mental, The 200-inch had to be ribbed 
because the transmission of heat through 
a disk is retarded in proportion to the 



square of its thickness. The necessaiy 
equalization of tempeiature throughout 
a solid 200-inch disk 24 inches thick 
would be an insoluble problem, for the 
temperature of the atmosphere is always 
changing and the disk's tempeiature 
would never catch up with it. With its 
ribbed constiuction the 200-mch miiror 
IS only four inches thick in a temperatme 
sense. It was held, howevei, that this 
kind of hindiance to temperatme equali- 
zation would not be too ciitical m the 
16-mch- thick solid disk recommended 
foi the Lick telescope 

After the 200-inch ribbed minor 
proved successful, however, the Lick de- 
signers bought the 120-mch ribbed Py- 
lex blank from the California Institute 
of Technology for $50,000. This blank, 
which has lecently been delivered, was 
cast at Corning, N, Y., in 1933 for con- 
veision into an optical flat foi testing the 
200-mch mnror. Other methods of test- 
ing were substituted, and the blank had 
stood unused in the optical shop at Pasa- 
dena for many yeais. Lick also liought 
the large grinding and polishing machine 
that was to have converted it into a flat. 

The 120-inch blank is nearly perfect, 
lemarkably homogeneous and imiform. 
On its fiont pait, which is foui inches 
thick, the curve of the new minor will 
be excavated a maximum of VA inches. 
The disk will then be perforated with a 
hole eight inches in diameter to afford 
passage of light lays from the secondaiy 
mnror back to the Cassegrainiem focus. 

Difficulties that have long delayed the 
final completion of the 200-inch miiror 
weie caused mainly by the fact that at 
no time during polishing and figuimg 
could it be tested in the same geneially 
hoiizontal position in which it is used in 
the telescope. For testing, it always had 
to be turned on edge. An irregularity m 
curvature— a high edge zone— was pur- 
posely not removed before the mnror 
was placed in the telescope, because 
theoiy indicated that when it was m 
horizontal position the bulge would sag 
out. When the mnror was placed in the 
telescope this theoiy pioved eiioneous. 
Yet testing the 200-inch mirror in a hori- 
zontal position would have lequired the 
temporary construction above it of a 
125-foot tower, with insulation to pie- 
vent a change of temperature in the op- 
tical shop beneath it. At Lick the “tower" 
will be the 94-foot-high observatory 
dome Itself, and this is why the dome 
must be built before work is begun on 
the mirror and mounting. Fmishing the 
mirror within the dome will also permit 
Its easy insertion in the mounting as 
often as required during that process. 

Perhaps the most arresting feature of 
the 120-inch telescope, as drawn from 
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Main sbotter 
ridcfs ove^ 
the dome 


lower smitlers 
follow the curve 
of the .olome 


Oval observers 
cage at prime focus 

30 '‘X 50 '* 



THE DOME 


Approximate location 
Cassegrain and ^ 
Coude secondaries 

Tubular steel 
framework 


Pok 
A 

/locati 

/ Coui^dja^oDni 
Jledinotion 
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Oil pads to 
take opli^ 

Oi I pads to 
take thrust 

Hollow spin 
die "for 
Coude 
focus 

THE TELESCOPE 


8" hole in 
primary 
for Casse- 
grain focus 


Ri^ht ascension worm 
wheel, shown phantom 
to show oil pads 


120 INCH 
REFLECTOR. 
LICK OBSERVATORY 
y ’=5 


The new 1204nch reflecting telescope for Lick Observatory 


40 Power 

ROSS STELLARSCOPE 

$15.50 

Same Principle 
as Mt. Palomar 
Newtonian 
Telescope 

('omplo I u , K iiocK ed 
(l()\Mi, loady l() f)o iis- 
HiMiiblt'd in III iiiliiutfh 
AU holts (liilkd, no 
.iddKioHiil loiits ueccs- 
saiy ! Louses comiikdo- 
Iv Ki'oiiud, j)ollsh(}d 
and aluuiiul/ed Sluii p, 
ole.ii* uiniKos guajiui- 
tood , no eoloi ti Ini^es, 
Ui/z 01* distuifion 
Liuht, poi table, \vel{?lis only ti lbs 
Not a loy! This is n iHe<lslon inslninicnl for 
sejnms W()i‘k on Ibo Planets, Moon, Vailablo 
Slais, Nebulae, (dc Also e\ee]k'nt for l>iid 
study and othei tei rest mil observations. Thu 
ainateui will e\j),ind hl.s bo(dv Knoivled|,fe ot 
.istionorny by aelually vtvotr/ tlie heavenly 
wondeih 

The ontlll eoutaiiis every pa it, optical and 
nieelianleal, needeti to malvu the ►Stcllai. scope, 
except the tri])od 

FULL INSTRUCTIONS. COM- 
PLETELY ILLUSTRATED WITH 
PHOTOGRAPHS, INCLUDED 
(INSTRUCTIONS ALONE 50cJ 
All that IS required to assemble this Ross Stol- 
larscope js a small screwdriver, also furnished. 
Nothing to buy I Send for your Ross Stellar- 
scope today 1 

KNOCKED DOWN 

Telescope (6 IbJ $15,50 

Tripod (3 lb.) 8.50 

STEAM ENGINE 

IMliihilnru eik^luc, 
ready tor .steam | 
Hlronplv iniule of 
hionze, 1)1 iiHs ami 
iron A pi aetlcal 
vvorMiu’' model, 
made to exact scale. 
Spe ciflcallons : 
Bore '•1‘ia" ; stroke iVin" , lent?tb of base tJ" .hulixlit 
; vvelRlit 2 pound.s Finished lii rod enamel with 
bias.s tilin Delivuis U HP. vvllli l."i Ih pres- 
.snie. Huggested use. aUulunts, experimenters, 
display, uuratlnK pump m tropical tl.sli tniiK, etc 
rrloG $ 17*50 

STEAM BOILER 

Miiiiatuie holler oi! 
cast bronze, end 
plates silvor-sol- 
(lured to 
brass tub- 
lug , sheet 
iioii liou.s- 
ing Built to 
wit Ins land 
30 0 1 h .s . 

]) r 0 s»ni 0. 

1) 1 m e u - 
sloiis : H" X 

8'' X tlVn", 

Weight 4 

Ills, Fittings Include safety valve, pleasure 
gauge, throttle, eonnoethig steam pipe with 
oil vent, 1 pt of watei 2 hts with steady pies- 
sine of 15 lbs. Uses 1 oi 2 Storiio cans. 

Price $ 22.50 

MICROSCOPES 

The finest collection of used mi- 
croscopes AU ftuiious 1)1 ami names 
and Htandaid. sizes. Each Is the 
ougiual instrument in good con- 
dition with a new finish huppllud if 
necessary. The lenses la most cases 
are the oilguuil oue.s or selected 
hy us to give excellent images 
Oculars aie new. Don't miss this 

oppoitunitv to iicduirc a aiiallty 

nuciosoope at an inexpensive price 

Oailar I(lv, objective IQ.v, objective mirror, 

50^450 powei $65.00 

Include Postage — with Order 

Send 50c for Up-to-Minufe Catalog 

HARRY ROSS 

MICROSCOPES 

Scientific and Laboratory Apporolus 
70 West Broadway, New York 7. N. Y, 







Your Firsl Move 

AT THE FIRST SIGN 
OF CANCER . 

When you suspeci- cancer, see your 
docfor immediately* You may find 
your fears are groundless — or that 
prompt treatment can bring you 
out on top. Always be on the look- 
out for cancer's danger signals. 


/Si\ 



particularly about the tongue, 
mouth or lips. 

2 . A painless lump or thickening, 
especially in the breast, lip or 
tongue. 

3 . Progressive change in the color 
or size of a wart, mole or birth- 
mark. 

4 . Persistent indigestion. 

5 * Persistent hoarseness, unex- 
plained cough, or difficulty in 
swallowing. 

B* Bloody discharge from the nip- 
ple or irregular bleeding from 
any of natural body openings. 

7 * Any change in the normal 
bowel habits. 


MAIL COUPON 
FOR 

FREE BOOKLET 
THAT TELLS THE 
FACTS ABOUT 
CANCER 


• AMERICAN CANCER SOCIETY 
5 47 fie^yer Street, New York N. Y. 

1 Please send me free the booklet con- 
I taming vital Information about cancer. 

I Name 

I Address 

j , State 
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hole 


Newtonian diagonal 
support carried 
by the correcting 
lens 

Eyepiece 


MAKSUTOV 

8 inch 

/=4 

Photo ■'Visual 
telescope 

Tinder., 



Clock drive and 
slow motions to be 
a.tt ached later 




Cell for 
primary 
mirror^ 
perforated 
for future 
Cassegrain 
attachment 


Broadliracrs Maksutov telescope 


the original dowSigns by Rogci Play ward 
(himself an amateui telescope maker), 
IS the huge and stocky fork with its angu- 
lar outlines. This was explained by the 
late Russell W. Porter “The fork form, 
which distm’bs me, is due to the fact that 
It was impossible to compute the sti esses 
it curved lines were used; it had to be 
computed with straight sections.” 

The Lick project will lequiie about 
four or five years for completion atter 
actual constiuction is begun. Although 
the telescope is not the largest, it has at 
least as much claim to interest among 
telescope makers and users as the 200- 
inch telescope. The 120-mch probably 
will permit exploiation of the universe 
to a distance of 900 million light-^years, 
and there is more than enough research 
to be done inside that limit of distance. 

I N 1944 the Russian, Maksutov, an- 
nounced in the Journal of the Optical 
Society of America his invention and 
patenting of a photographic and visual 
type of telescope that has become known 
as the “Maksutov,” more familiarly the 
“Mak.” Of the existing types of highly 
eoirected photogi*aphic telescopes, the 
Mak most closely lesembles the Schmidt. 
It has a spherical primary miiTor at the 
bottom of its tube and a correcting lens 
at the top; but the correcting lens, im- 
i like that of the Schmidt, is thick and 
1 deeply concave. In his detailed 15-page 


article Maksutov desenbed its piinciple 
and suggested seveial interesting varia- 
tions on its central theme— the Her- 
schelian Mak, the Gassegiainian Mak, 
the Gregorian Mak, the hr achy te Mak, 
and othei s 

Norbert J. Schell of Beaver Falls, Pa , 
studied the Maksutov aiticle, selected 
the simplest type— the Newtonian Mak— 
and at ibis magazine’s invitation wiote 
articles, published in Octobei and De- 
cembei, 1944, in which he gave all the 
design data necessary for making a New- 
tonian Mak. At the same time this de- 
paitment organized a buyers’ club of ad- 
vanced amateurs to reduce the cost of 
molding and casting the thick blanks of 
glass necessaiy for making the meniscus 
correcting lens (concavity /j-inch deep) 
at the skyward end of the Mak. The 
Coming Glass Works built a temporary 
mold and made 24 of these special blanks 
of crown glass having a refractive index 
1.517 and a dispeision 64 5, each 8.2 
inches in diameter and I’/f inches thick. 
Then the mold was broken up and all the 
blanks weie sold. 

So fai as IS known only two Maksutovs 
were completed among this group. In 
1945 Arthur DeVany of Des Moines, 
Iowa, made one for a ' comet seeker. In 
October, 1947, G. Camilli of Pittsfield, 
Mass., described in Scientific Ameri- 
can the one he made and said of it: “The 
peitormance of the Mak well repays all 
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the woik put into it, the definition is 
much superior to that oL a simple re- 
flector.” 

Two other Maksutovs were also near- 
ly finished. One could not be brought to 
lull perlectiou and finally trailed oil into 
a state ol innocuous desuetude. The 
other, shown in the illustiation on the 
opposite page, has been virtually com- 
pleted by Dave Broadhead ol Wellsville, 
NY. 

This IS a Mak ol the inventor's ''sim- 
plest and most fundamental system,” 
which IS basically photographic hni has 
a support for a Newtonian diagonal foi 
visual use. The latter can be sulistituted 
lor the film holdci incicly by i caching 
through the hand hole m the side of the 
tube and replacing it with the film-holder 
suppoit shown m the nisei t sketch. These 
two suppoits may be exchanged by 
means of a wing nut that attaches them 
to the center ol the coi rector lens; there 
IS no .spidei . 

“Visually,” Broadhead says, “the Mak 
gives a wondcilul view and all that the 
eye can take; the exit pupil is a little 
larger than the pupil ot the eye. The 
stars are shaip to the very edges of the 
field, a fact that psychologically increases 
the appaieiiL field diameter.” 

Cncumstances forced Broadhead tem- 
porarily to set this telescope aside lielorc 
it could 1)0 completed by the addition 
ot a drive, but it is tar Irom a dead duck. 
Meantime it is hoped that a desciiption 
ol it will leactivate those whose Mak 
meiiisciis corrector lens blanks are still 
imfinishecl, perhaps because they aie 
waiting to see how other INIaks make out. 
Or perhaps they will agree to Iransler 
these blanks to other owners who will 
convert them into the vital parts ol Mak- 
sutovs. Such aspirants cannot now ob- 
tain blanks tiom the oiiginal source of 
supply; there is no mold. 

The drawing contains most of the de- 
scription ot the Broadhead Maksutov, 
The cored aluminum fork, cast thin 
liom a furnace in Broadhead's cellar 
shop (which is also equipped with lathe, 
shaper and the fundamental machine 
tools) , is a splendid featherweight exam- 
ple i)f skilled workmanship 

In his aiticle in the October, 1944, 
Scientific American, Schell pointed 
out the chief advantage to the builder of 
the Maksutov over the otherwise similar 
Schmidt: the Schmidt corrector plate 
has a shallow and irregular curve that is 
difficult to make, while the meniscus cor- 
rector lens of the Mak has two spherical 
curves that are much less difficult. Like 
the Schmidt, the Mak enjoys the advan- 
tage of a closed tube, with its accom- 
panying suppression of internal air cur- 
rents that damage good seeing; and like 
the Schmidt the Mak system is aplanatic, 
having neither spherical aberration nor 
coma. 

In the specifications worked out by 
Schell and followed by Broadhead and 
the others, the primary mirror at the bot- 


tom of the tube is made from a standard 
8-mch Pyrex telescope blank to a ladius j 
of curvature of 65.856 inches. The cor- ^ 
rector lens, .8()0-inch thick, has an in- j 
teinal radius of curvatuie of 12.688 
inches, and an external radius 12.224 | 
inches. Primary and lens aie separated j 
43.128 inches. As these precise measure- I 
ments suggest, the Mak is scarcely a job 
for a novice. Letters from those who I 
have worked on Maks, largely discussing 
suitable tests— Ronchi and inteifercnce, 
mainly— aie available on loan to new 
workeis. 

In July, 1946, C, J. Temikcst, R. 
Shader and II. Pmnock of New South 
Wales, Australia, des’cnbed in The Jour- 
nal of the Briiisli Astro no tnical Associa- 
tion a 6-mch Maksutov limit from data 
in the Maksutov article in the Journal of 
the Optical Society of America and in 
Scientific American. Foi the collector 
lens they used ciown glass of index 
1.51694 instead of 1.517, and also of a 
different thickness, and woie thus forced 
to recalculate the specifications, Their 
Mak was a success. “Remarkably small 
and shaxp images of stars weic oli- 
tained,” they staled, “irce Iroin coma and 
color. Such images are haidly possible 
with rclleclors even on the most perfccl 
night The image of jupitci was as shaip 
as if viewed through a first-grade refrac- 
toi, yet the hlni.sh halo visible aiound 
the disk with even the liesl glass was en- 
tirely absent. The image was crisp and 
colorless,” 

Slabs of glass at least 1% inches thick 
and having char actei is tics dose enough 
to that specified by Maksutov (51 63641) 
may be available from American manu- 
facturers, though not in the approximate 
meniscus form cast by Corning, 

In his article Maksutov stated that he 
invented his telescope in August, 1941, 
and that it was patented in the U.S.S.R. 
on November 3, 1941. After the war, 
when Holland emerged from its wartime 
confinement, the Dutch optical designer 
A. Bouwers published in English his 
book Achievements in Optics (Elsevier 
Publishing Co., New Yoik) which de- 
scribed a telescope essentially identical 
with the Maksutov. With the secret co- 
operation of the Dutch patent office, 
Bouwers had patented this type of tele- 
scope July 7, 1941, or four months before 
Maksutov. It is now said that K, Penning, 
a Geiman, applied for a German patent 
on the same principle March 6, 1941. 

N. J. Schell has suggested that the 
closed-tube advantages of refractors 
might be obtained for all reflectors by 
the addition of a plane-parallel plate of 
glass at their skyward end. This idea has 
iDeen advocated many times previously. 
It resembles the famous Hindu rope trick 
—everyone knows about it and everyone 
believes in it, but no example of its 
actual application has yet been found. 
The plane-parallel plate could be coated 
to reduce losses in light transmission due 
to the surfaces. 



; For the first time an instrument capable of 
' serious astronomical research is available 
* for less than $200 00’ The Saturn 3 Inch 
Portable Refractors are precision made by 
' the West's largest makers of observatory 
■ instruments, objective lenses are highest 
grade precision ground, achromatic f-lS 
; crown and flint glass, ail moving parts are 
' precision machined 

Although the Saturn 3 Inch Refractor has 
a 45 inch focal length, the instrument is 
' easily portable, weighing less than thirty 

I pounds, including tripod 

' Saturn 4 Inch Portable Refractors from 

$345 00; larger instruments manufactured 

to order. 

Write for literature giving full information 
on the Saturn Refractors, 


2528 Grove Street 
Berkeley, California 


■WA» SUBPLUS BARGAIN 



liiaiju'ler Focal Each 

(2,V') |[0l)ni/»n . ’‘$12.50 

Tiim/m {.(") .J,siiii/in (15") .. ,,$19.00 

Slm/m OiY) h22in/m ('lUi'*’) . $22.50 

S:im/m ('iVi") 1171) m/m (IJ $28.00 
s iMi/tii CiVi") lOMmi/m (R)") $30.00 


Roctanquiar Magnifyinii Lens —S ccojkE, 
m'Uh fm- 50 rtUc 2" \ r $1.00 

Olitical Pcei) Sight— ITso iis Oainera view- 
limler. etc Dia IVj" vveiKht (.50 

Hobbyist $et— Pun fni Ymme; and Old 10 
assorted Ion's and Booklet 1.00 

Magnifying Lens, 3" Dla,, Coated ca 2.00 
7x50 Binocular Objective, Coated. , c*a 3 75 
7x50 Binocular Prism, Coated ea 2 00 

6x30 Binocular Objective, Conted . en. 1 75 

6x30 Binocular Prism, (Joated . ea. I 50 

Kellner Eyepiece Lens Set, 22ui/in, li'.Xi 2 50 
Tank Prism, Silvered, GYu" long (slight 
^ecolK^) Beautiful desk paper weight. 1.00 

Condensing Lenses (seconds), dVj" Uia,, 
hi/y' pjj . . ,ea. (.00 

Right Anglo Prism, Paco . , . 2 00 

Riglit Angle Prism, ITs" PJtco ... .. 3.00 

Dove Prism, Vs" Paco . 75 

Amici Roof Prism, 11/16" Face. Coated,. . 2.75 
Lens Oemaiit, Bfkk Canailian Balham ... (.00 

8M/M Projectoi Condensing Lenses. Pr, 60 
First Surface Mirrors, 12" x 1.T' . 8 75 

First Surface Mirror, S" x 10"^ . , .. 4.25 

First Surface Mirror, 1" x 4" . . 1,25 

First Surface Mirror, 1^1" N. IVa" . -25 

LENS CLEANING TISSUE— IToro Is n 'Wonderful 
Gov't Suiplus Buy of Pcjfect Popur WlilcJi was 
made to the highest Gov't Standards and fepeol- 
lications. 500 sheets, ““ 

size X il" 


,$L00 


♦ 

♦ 

♦ 
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“FRIEE CATALOGUE” 

Sensational Optical Bargains 
Send for it Today*’ 


A. 


WE PAY THE POSTAGE 

JAEGERS 


93-08A 95th Ave. 
OZONE PARK 16, N. Y, 
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OF IRTICIES 

MD AirriRS 

The following index lists all the arti- 
cles and authois that appeared m Scien- 
tific American dw mg 1949. It also lists 
the principal book review in each issue. 
Shoiter book notes are not indexed. 

ACETYLENE, THE ARRIVAL OF, by Her- 
bert Y'ahraes ; January, pp. 16-21. 
AGxASSIZ, LOUIS, by Alfred Sherwood 
Romer; July, pp. 48-51, 

ALARM REACTION, THE, by P. C. Coii- 
stantinides and Niall Carey, March, pp, 
20-23. 

ALLERGIC MECHANISMS IN NERVOUS 
DISEASE, by Elvin A. Rabat; July, pp, 16- 
19. 

AMOEBAE, THE SOCIAL, by John Tyler 
Bonner; June, pp. 44-47. 

ANALYTIC GEOMETRY, THE INVEN- 
TION OF, by Carl B. Boyer; January, pp. 
40-45. 

ANCESTORS OF MAMMALS, THE, by Ed- 
win H. Colbert ; March, pp. 40-43. 
ANTIBIOTICS, THE, by George W. Gray; 
August, pp. 26-35. 

APE-MEN, THE, by Robert Broom; Novem- 
ber, pp. 20-25. 

ARMS RACE V. CONTROL, by Chester L 
Barnard; November, pp, 11-13. 

Ashby, Eric. LEAF SHAPE; October, pp. 
22-25. 

ATOIHIC ENERGY COMMISSION, THE, 
hv Leon S\ir3ky; Juiv. pp 30-43. 
ATTITUDES, A STUDY OF, by Samuel A. 

Stouffer; May, pp. 11-15, 

AUREO!MYCIN, by Leo and Dora S Rane; 
April, pp. 18-23. 

Ayres, Eugene. THE FUEL PROBLEM; 
December, pp. 32-39 

■Oaldwin, Ralph B, THE CRATERS OF 
^ THE MOON; July, pp. 20-25. 

Barnard, Chester 1. ARMS RACE V, CON- 
TROL; November, pp, 11-13. 

Blackett, P. M. S. IS THE ATOMIC BOMB 
AN ABSOLUTE WEAPON? ; March, pp. 
13-15. 

BLISTER HYPOTHESIS, THE, by C, W. 

Wolfe; June, pp. 16-21. 

Blumenstoek, David L THE UPPER AT- 
YIOSPHERE, January, pp. 30-39. 

Boehm, George A. W. TITANIUM; A NEW 
METAL; April, pp. 48-51. 

BOMB'TESTS; October, pp. 20-21. 

Bonner, James, CHEMICAL WARFARE 
AMONG THE PLANTS: March, pp. 48-51. 
Bonner, John Tyler. THE SOCIAL AYIOE- 
BAE; June, pp. 44-47. 

Boyer, Carl B, THE INVENTION OF 
ANALYTIC GEOjSIETRY ; January, pp, 
40-45. 

Broom, Robert. THE APE-MEN; Novem- 
ber^ pp, 20-25. 

f^ady, Walter G. CRYSTALS AND ELEC- 
TRICITY ; December,, pp. 46-51, 
CANCER AND ENVIRC^MENT, by Groi 


Conklin; January, pp. 11-15 
Carey, Niall and P C Constantmides. THE 
ALARM REACTION; March, pp 20-23 
CHILDREN'S BOOKS, by James R New- 
man; Decembei, pp. 52-57. 

Chisholm, Brock SOCIAL MEDICINE ; April, 
pp 11-15. 

Clark, Kail A. THE ATHABASKA TAR 
SANDS, May, pp. 52-55. 

Cohen, I Bernard. SCIENTISTS AND AMA- 
TEURS' THE HISTORY OF THE ROYAL 
SOCIETY, by Dorothy Stwison and SONS 
OF SCIENCE THE STORY OF THE 
SMITHSONIAN INSTITUTION AND ITS 
LEADERS, by Paul H. Oehser (a review) ; 
July, pp 56-58 GALILEO; August, pp. 
40-47. 

Colbert, Edwin H. THE ANCESTORS OF 
MAMMALS; IMarch, pp. 40-43 
COMMUNICATION, THE MATHEMATICS 
OF, by W^arren Weaver; July, pp. 11-15 
Condon, E. U. THE STRUCTURE OF MAT- 
TER, by Francis Owen Rice and Edivard 
Teller (a review) ; May, pp. 56-58 
Conklin, Groff, CANCER AND ENVIRON- 
MENT; January, pp. 11-15. 
Constantinides, P. C and Niall Caiey. THE 
ALARM REACTION; March, pp. 20-23. 
COSIMIC RAY^S, by Geoige W. Gray; March, 
pp. 28-39. 

CRYSTALS AND ELECTRICITY, by Wakei 
G. Cady, December, pp. 46-51. 


TYavis, Hariy M MATHEMATICAL MA- 

^ CHINES; April, pp 28-39 LOW TEM- 
PERATURE PHYSICS; June, pp. 30-39. 

Davis, Michael M. NATIONAL HEALTH 
INSURANCE; June, pp. 11-15. 

Deevev, Edward S., Jr LIVING RECORDS 
OF THE ICE AGE; May, pp. 48-51, 

DEMOCRITUS ON THE ATOM, November, 
pp. 48-49 

de Santillana, Geoige. GREEK ASTRONO- 
MY’’; April, pp. 44-47. 

DOUBLE STARS, by Otto Struve; October, 
pp. 42-45. 

DREAMS, THE NATURE OF, by Ench 
Fiomm; May, pp. 4447. 

Drinker, Cecil K. THE PHYSIOLOGY OF 
WHALES; July, pp. 52-55. 

Dubos, Rene J. TUBERCULOSIS; October, 
pp. 30-41. 


Xp ASTER ISLAND, THREE MY^STERIES 
OF, by W erner W olff ; F ebruary , pp. 50-55. 
EINSTEIN, ALBERT, THE INFLUENCE 


OF, by Banesh Hofimann, March, pp. 52-55. 
ENCEPHALITIS, by William McD. Ham- 
mon; September, pp. 18-21. 

ENZYMES IN TEAMS, by David E. Green; 
September, pp. 48-51. 

Evans. Ralph M. SEEING LIGHT AND 
COLOR; August, pp. 52-55. 


fPenn, W^allace 0. POTASSIUM; August, 

pp. 16-21. 

FLUOROCARBONS, by J, H. Simons; No- 
vember, pp. 4447. 

FOOD FROM THE SEA, by Gordon A. 

Riley; October, pp. 16-19. 

FREUD NOW, by Fredric Wertham; Octo- 
ber, pp 50-55. 

Fromm, Erich THE OEDIPUS MYTH; Jan- 
uary, pp. 22-27. THE NATURE OF 
DREAMS ; May, pp. 44-47. 

FUEL PROBLEM, THE, by Eugene Ayres; 
December, pp. 32-39. 


n ALILEp, by L 
^ pp. 40-47, 


Bernard Cohen; August, 


GAME.S, THE THEORY OF, liy Oskai Moi- 
genstein; May, pp 22-25. 

Gamow. Geoige SUPERNOVAE, Decembei, 

pp 18-21. 

Clock, Chaile*. Y\ and Josepli T. Klapper. 
TRIAL BY NEWSPAPER; Febmaiy, pp. 
16-21 

GOETHE ON NATURE AND SCIENCE, by 
Sir Charles Sherrington. A leview by James 
R. Newman; September, pp. 56-58. 

Goldschmidt, Richard B PHENOCOPIES; 
Octobei, pp 4649 

Gray, George W COSMIC RAYS; Maicb, 
pp, 28-39. PAULING AND BEADLE, May, 
pp 16-21 THE ANTIBIOTICS; August, 
pp 26-35. THE NOBEL PRIZES; Decern- 
bei, pp. 11-17 

GREEK ASTRONOMY, by Geoige de San- 
tillana; April, pp. 44-47 

Gieen, David E. ENZYMES IN TEAMS; Sep- 
tembei, pp. 48-51. 

XT amnion, William McD ENCEPHALITIS; 

Septembei, pp. 18-21 

Hallow, Harry F, and Maigaret Kuenne. 
LEARNING TO THINK, August, pp. 36- 
39. 

HEREDITY, EAST AND WEST' MENDEL 
VERSUS LYSENKO, by Julian Huxley. A 
leview by James R. Newman, November, 
pp. 54-58. 

HITTITE CITADEL; August, pp. 22-23. 

Hoagland, Hudson. SCHIZOPHRENIA AND 
STRESS, July, pp. 44-47. 

Hoffmann, Banesh. THE INFLUENCE OF 
ALBERT EINSTEIN; Maich, pp 52-55. 

Hubble, E P. FIVE HLSTORIC PHOTO- 
GRAPHS FROM PALOMAR, November, 
pp. 32-39. 

HUMAN BEHAVIOR AND THE PRINCI- 
PLE OF LEAST EFFORT, by George 
Kingsley Zipf. A leview by J. L, Walsh; 
August, pp. 56-58. 

HUMAN KNOWLEDGE, by Bertrand Rus- 
sell. A review by Y H. Kiikorian; Febru- 
ary, pp. 56-59. 

Hiiiley, P. M. RADIOACTIVITY AND 
TIME; August, pp 48-51. 

TCE AGE, LIVING RECORDS OF THE, 

^ by Edward S. Deevey, Jr ; May, pp. 48-51. 

INFANT SPEECH, by Orvis C. Irwin; Sep- 
tember, pp. 22-25. 

Infeld, Leopold. VISIT TO DUBLIN; Octo- 
ber, pp. 11-15. VISIT TO ENGLAND; No- 
vember, pp. 40-43. VISIT TO POLAND; 
December, pp. 40-43. 

INSIGHT AND OUTLOOK, by Arthur Koest- 
ler. A review by Janies R. Newman; March, 
pp. 56-59. 

Irwm, Orvis C. INFANT SPEECH; Septem- 
ber, pp. 22-25. 

IS THE ATOMIC BOMB AN ABSOLUTE 
WEAPON?, by P. M. S, Blackett; March, 
pp. 13-15. 

ISOTOPES, THE AEC’S; April, pp. 16-17. 

TZabat, Elvm A. ALLERGIC MECHA- 

^^NISMS IN NERVOUS DISEASE; July, 
pp. 16-19. 

Kanien, Martin D. TRACERS; February, pp. 
30-41. 

Kirkpatrick, Paul. THE X-RAY MICRO- 
SCOPE; March, pp 44-47. 

Klapper, Joseph T. and Charles Y. Clock, 
TRIAL BY NEWSPAPER; February, pp. 
16-21. 

Konorski,_ Jerzy. PAVLOV; September, pp. 
44-47. 

KRAKATOA, THE PLANTS OF, by F. W. 
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Went, Seplfiuhn, pp 52-55 
Rnkoiiaii, \ FI HUMAN KNOW LEDGICA^y 

Bertiand Russell (ait'virw) , Fe])rnLny, i)p. 
56-59. 

Ki Oilman, WilKm M. THE RECORO OF 
HUMAN ILLNESS, Januaiy, pp 52-55. 

L dpoite, Otto SHOCK WAVES; Novemlior, 
^ pp 14-19. 

LEAF SHAPE, by Eric Ashby, Octohei, pp. 
22-25. 

LEARNING TO THINK, by Haiiy F and 
Maigaiet Kiieniie Hailow, Angu&t, pp. 36- 
39. 

Leet, L. Don. MICROSEISMS, Febiuaiy, pp 
12-45. 

Ley, Willy ROCKETS; May, pp 30-39 
LIGHTNING, THE MECHANISM OF, by 
Leonaid B. Lot*]), Februaiy, pp 22-27 
Linton, Ralph. THE PERSONALITY OF 
PEOPLES; Aiigii^i, pp. 11-I5. 

Loeb, Leonard B THE MECHANISM OF 
LIGHTNING; Ftdiruaiy, pp 22-27. 

LOW TEMPERATURE PHYSICS, by Tlaiiy 
M. Davih, June, pp. 30-39. 

lyrAPPING MOUNT McKiNLEY, by Biad- 
ford Washbmn; Januaiy, pp. 46-51. 
MATHEMATICAL MACHINES, by Haiiy 
M. Davis; April, pp. 28-39 
MICROSEISMS, by L. Don Leet, February, 
pp. 42-45. 

Milne, Louis J. and Maigciy J. TE:MPERA- 
TURE AND LIFE; Febnuuy, yip. 46-49. 
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Rosebury (a review) ; June, pp 56-58 
GOETHE ON NATURE AND SCIENCE, 
by Sir Charles Sherrington (a review) ; 
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PAVLOV, by Jerzy Konorski; September, pp. 
44-47. 

PEACE OR PESTILENCE, by Theodor Rose- 


bin \ \ K'vicw by James R Neivnuin; Juiu*, 
y)]), 56-58. 

PERSONALITY OF PEOPLE.s, THE, hy 
Ralph Linlon; Augiisi. pyi. 11-15 
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pp. 16-21. 

PSYCHIATRIC FILMS; September, y»p. 42- 
43 
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'Miiue. Olio DOUBLE STYRS; October, 
yip 12-45. 

SUBMARINE CAjNYONS, by Funicis P 
Shepard; ApiiLyip. 10-43, 

SUPKRNOVAE, l>y Geoigc Gaiiiovv; Do'cm- 
I)er,pp 18-21 
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49. 

TITANIUM: A NEW METAL, liy George 
A W. Boehm; April, pp 48-51 
TRACERS, by Marlin D Kanien; February, 
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lev lew) , Apiil, pp. 56-58. 

VIRU.S, NATURAL HISTORY OF Y, by 
Philip and Emily Morrison, Novemlici, 
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Visit to Dublin Leopold Inf eld in 
Scientific American; October, 1949. 
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